


 
  

 

 

 
 

 
 

Mechanical Lumbosacral Spine Pain 
Tis book addresses an extremely prevalent medical problem: low back pain. It is not a general anatomy book, but it 
relates specifically to the lumbosacral spine, encompassing anatomy, histology, histopathology, and imaging all in one 
volume. For students, the text incrementally introduces them to lumbosacral anatomy terms and scientifi c knowledge 
by using photographs of gross and histological sections of the spine, as well as schematic drawings and images, in 
preparation for clinical practice. It answers many questions about the pathogenesis of low back pain, helpful for clini-
cians, both for treatment decisions and for counselling patients. 

 Key features: 
• Provides a clear explanation for many of the pain generators in low back pain and illuminates this perplexing 

and ubiquitous problem. 
• Addresses a gap in the existing literature, as ‘non-specifi c’ or mechanical lumbosacral spine pain accounts for 

by far most chronic spinal pain sufferers’ complaints for clinicians from general medical practitioners to spinal
specialists in various fields such as sports medicine who deal with spinal pain syndromes. 

• Illustrates anatomical structures that can be injured and thus become responsible for causing mechanical lum-
bosacral spine pain; frequently, such injuries cannot be detected on sophisticated imaging such as MRI. 
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 PREFACE 

Musculoskeletal conditions are typically character-
ized by persistent pain and restricted mobility (Blom et 
al 2021) and in the current “Findings from the Global 
Burden of Disease Study” (Institute for Health Metrics 
and Evaluation 2017), many of the top leading causes of 
disability in 1990 remain so in 2017, namely low back  
pain, headaches, and depression [in that order of rank-
ing], reflecting a lack of progress in addressing these 
conditions. Tus, spinal pain syndromes are extremely 
common, with low back pain, in particular, being one of 
the leading causes of disability and chronic pain among 
adults and one of the most common reasons for which 
patients are treated with opioids (narcotics) (Waljee 
et al 2018). Low back pain has profound effects on the 
well-being of people and is often the cause of signifi cant
physical and psychological health impairments and, as 
the population ages over the coming decades, the num-
ber of individuals with low back pain is likely to increase
substantially (Manchikanti et al 2014). Tere has long 
been a constant tension between the ability of opioids 
to relieve pain and suffering and the potential for severe
personal and societal harm related primarily to risks of 
dependency and addiction ( Lurie 2021). Currently, long-
term prescribing of opioids for chronic non-specifi c, 
i.e. ‘mechanical’ or ‘idiopathic’ musculoskeletal pain is  
common in primary care (Ashaye et al 2018).
Opioids prescribed to treat persistent or severe pain  

attach to proteins called opioid receptors on nerve cells 
in the brain, spinal cord, gut, and other parts of the body, 
thus blocking pain messages sent from parts of the body 
through the spinal cord to the brain, but opioids can be
highly addictive (American Society of Anesthesiologists 
2019 ). Tis is because patients taking opioid medications
on a daily basis over a long period of time become physio-
logically dependent as the body becomes adjusted to hav-
ing the medication in its system, thus patients become 
tolerant to the medication resulting in the medications 
losing their effectiveness over time, but patients experi-
ence withdrawal symptoms if the medication is abruptly 
stopped (Institute for Chronic Pain 2019). T erefore, 
there is great concern regarding the overuse of opioids 
and the ramifications of doing so (Weeks et al 2018). For 
example, Australia faces a crisis regarding the use of 
pharmaceutical opioids (Australian Institute of Health 
and Welfare 2021), as is the case in many other countries.
 Tus, pharmaceutical treatment of chronic non-cancer 

pain during the current opioid epidemic has become 
challenging for prescribing clinicians who are search-
ing for safe, effective alternatives to opioids (Goodman 
et al 2017). Commonly prescribed opioids, for exam-
ple Fentanyl—described by Professor Michael Farrell 
(Director of the National Drug and Alcohol Research 
Centre, University of New South Wales 2019) and 
Ramos-Matos et al (2021) as being 50–100 times more 

potent than Morphine, as well as the opioid Tramadol,  
have been reported as being associated with a signifi -
cantly increased risk of mortality over one year, as com-
pared with nonsteroidal anti-inflammatory drugs such as
Naproxin, Diclofenac, Celecoxib, and Etoricoxib (Zeng et 
al 2019). However,  Page et al (2016) cite literature sug-
gesting that the use of nonsteroidal anti-infl ammatory 
drugs has a role in the precipitation and exacerbation of 
heart failure. 
As there is an opioid overdose crisis in Western societ-

ies, for example in the United States ( National Institute 
on Drug Abuse 2019; Fatemi et al 2020), Canada (Leung 
2019), Australia (Penington Institute 2021), and the 
United Kingdom (Ashaye et al 2018), Sleeman et al (2018)
ask the question—“Why are these sometimes dangerous 
drugs still being given to patients?” especially as several 
studies have demonstrated that opioids achieve negli-
gible improvement in pain, function, and quality of life 
(Ashaye et al 2018). Furthermore, given the prevalence  
of chronic low back pain, identifying eff ective nonopioid
alternatives for chronic low back pain is a top healthcare
priority (Waljee et al 2018), as it is for all spinal levels. 
A non-opioid, paracetamol, is recommended in clinical

guidelines as the first line analgesic drug for spinal pain, 
but the evidence base supporting this recommendation 
has been called into question as high-quality evidence  
suggests that Paracetamol is ineffective in the treat-
ment of low back pain (Machado et al 2015). In addition, 
Louvet et al (2020) concluded that therapeutic doses of 
Paracetamol are associated with more severe liver injury
than overdose in patients with excess drinking. 
Furthermore, it was noted that, as opioids became 

less available for treating back pain patients, clinicians 
used off-label epidural steroid injections (Depo-Medrol) 
for treating back pain, so Depo-Medrol’s manufacturer 
requested, in 2013, that epidural use be banned owing  
to significant risks because Depo-Medrol was approved
only for injection into muscles and joints (Herman 2018).
It is reported that the FDA declined to issue a ban but 
did strengthen the drug’s label in 2014 to note the risks 
(Herman 2018 ).
It is interesting to note that Whedon et al (2021) found

that, among older Medicare beneficiaries who received 
long-term management of chronic low back pain with 
opioid analgesic therapy (OAT) or spinal manipulative 
therapy (SMT), the adverse drug events were more than 
42 times higher for initial choice of OAT versus those 
who initially chose SMT.
Finally, Cashin et al (2021) conducted a systematic 

review and meta-analysis in order to investigate the effi-
cacy, acceptability, and safety of muscle relaxants for low 
back pain and concluded that considerable uncertainty 
exists about the clinical efficacy and safety of muscle  
relaxants for adults with non-specific low back pain. 
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xi Preface 

It is against this background of diffi  culties in treating 
spinal pain syndromes that this book has been written 
in order to attempt to identify various possible causes 
of non-specific lumbosacral spinal pain. It is not a book 
on differential diagnosis, but it is a text illustrating pos-
sible mechanisms involved in lumbosacral spine pain 
syndromes of  mechanical origin. Te review of existing 
literature often dates back to the original research publi-
cations on a particular topic, in order to acknowledge the 
work of original authors.
Conditions causing spinal pain syndromes are many 

and varied and patients may present with a wide variety 
of symptoms and signs. Terefore, each patient needs 
to be thoroughly investigated before treatment com-
mences i.e. appropriate diagnosis must be a prerequisite 
to treatment. 
It behoves all clinicians dealing with spinal pain syn-

dromes to note the following: 

• First, do no harm (Hippocrates 400BCE, Epidemics, 
Bk. 1, Sect. XI). Historically, it is interesting to note 
that, although many arguments have been put for-
ward to attribute this statement to various scholars,
 Travers (2018 ) finds no compelling argument deny-
ing Hippocrates’ primacy. 

• “If you listen carefully to the patient, he will tell 
you the diagnosis” (Quotation of Sir William Osler;
 Gandhi 2000 ). Tis statement still holds true and 
emphasizes the great importance of taking a thor-
ough history. 

• Remember that patients may present with more 
than one condition, so consider all possibilities for 
the cause(s) of a patient’s presenting complaint. 

• Tere is now general and increasing recognition of: 
• Te essential subjectivity of the pain experi-

ence, no matter what the cause or causes; 
• Te contribution of factors  other than physical 

lesions to the experience of pain, to its expres-
sion and its communication and its impact on 
quality of life; and 

• Te consequential need to  evaluate and  respond 
to the subjective experience and the other rel-
evant factors as part of the overall treatment of 
patients with pain. 

• Furthermore, the person, style and  behaviour 
of the examining clinician is an integral part 
of the total setting in which the examination 
takes place and can  signifi cantly infl uence the 
patient’s own behaviour and  subsequent out-
come. In addition, the availability in a par-
ticular setting of as full a range of treatment 
options as possible seems highly desirable and 
care should be taken to avoid, as far as possible,
the prescription of treatment based on the the-
oretical orientation and ideology of the clinic 
rather than on the need of the patient ( James 
et al 1997). 

• In my opinion, it is wise to start with non-invasive 
treatment to determine whether the patient will 
obtain relief, before progressing to invasive treat-
ments. Inappropriate management of spinal pain 
syndromes, from diagnosis to treatment, causes 
misery for patients and adds a significant cost bur-
den to the healthcare costs of countries around 
the world. In addition, adverse reactions to many
prescribed medications may occur, especially when
patients become addicted to drugs of dependency
with the serious health and cost problems that may 
ensue. 

• In general, appropriate care comprises the right
therapy, for the right problem, for the right patient
(Coulter et al 2018). 

• Te following Covenant has been adapted and 
modified from Cassel (1995):
•  Appropriate care should be tempered by the  

treating clinician adhering to the patient-phy-
sician Covenant bearing in mind that, at the 
centre of treatment, there is a moral clinical 
enterprise grounded in a covenant of trust; this
Covenant obliges clinicians to be competent 
and to use their competence in the patient’s 
best interests, as clinicians are both intellec-
tually and morally obliged to act as advocates 
for the sick, wherever their welfare is threat-
ened and for their health at all times. Clinicians 
should pursue their particular clinical activity 
with the virtues of humility, honesty, intellec-
tual integrity, compassion, and eff acement of 
excessive self-interest. 

• A clinician’s first obligation must be to serve the 
good of those persons who seek our help and 
trust us to provide it—clinicians must never be
commercial entrepreneurs. 

• In addition to the aforementioned Covenant, it 
is worth noting the World Medical Association
Declaration of Geneva that lists the Physician’s
Pledge, as amended in October 2017. 

Fortunately, spine-related research has evolved dramati-
cally during the last century and signifi cant contributions
have been made by thousands of authors (Murray et al  
2012), through a highly multidisciplinary process (Wilke
2016). As a result, knowledge is ever increasing on spi-
nal anatomy and histopathology and the possible physi-
ological mechanisms by which pain may be generated 
and experienced. Terefore, in this text an introductory 
chapter summarizes possible pain sources for  non-spe-
cific and specific lumbosacral spinal pain syndromes due 
to lumbosacral spine mechanical dysfunction or failure, 
founded on sound basic science and known anatomical 
principles. Because spinal pain syndromes can be com-
plex, there often is a tendency for clinicians to incor-
rectly label patients as being ‘neurotic’, or when patients 
are involved in litigation they may be considered to have 



 
 
 

 

   
  

 
 
 

 

 

 
 

 
 

  
  

  
 

   
  

      
    

   
 

  

 

 
 

 

  
 
 

  

  

 
 

 
 

   
  

  

 
  

 
 

 

xii Preface 

litigation ‘neurosis’ as a motive. However, it should be 
remembered that it is not always possible to diagnose a 
patient’s spinal pain condition because of many factors 
such as the limitations of imaging procedures and the 
specificity and sensitivity of laboratory tests and some 
clinical tests. It is important to use non-ionizing imaging 
procedures such as MRI where at all possible in order to 
protect the patient (Giles 2014).
In some cases, patients merely want reassurance, based 

upon a thorough evaluation leading to a likely explana-
tion for their chronic spinal pain syndrome(s), rather 
than requesting treatment. Te importance of providing 
adequate, albeit time consuming, psychological assurance
should not be underestimated. Obviously, it is important 
to consider a particular pain syndromes’ possible aetiol-
ogy in great detail, while not forgetting that psychology 
must be taken into account for each patient, as symp-
toms and signs should not be isolated from the patient 
as a whole being. In addition, it should be remembered 
that the best treatment for mechanical back pain may 
be good old-fashioned movement and exercise (Harvard 
Health Publishing 2018). Drugs are not part of the lat-
est recommendations for treating mechanical back pain
because some medications carry signifi cant risks—there-
fore, first-line therapy should include non-drug therapy 
such as superficial heat, massage, acupuncture, or spinal 
manipulation ( Tello 2017). When spinal manipulation is 
well justified and when it is correctly executed, no acci-
dent occurs, or any incidents are very rare (Maigne 1972).
In addition to these therapies, patients should  

be encouraged to  take charge of their spinal pain 
syndrome(s), rather than allowing their pain to control 
their lives. Fortunately, using the notion of  positive health
i.e. the ability for patients to adapt and to self-manage in
the face of social, physical, and emotional challenges for 

the treatment of back pain (Buchbinder et al 2018) is a 
powerful approach for patients to help themselves. 
It is the responsibility of the treating clinician, rely-

ing on their independent expertise and their knowledge 
of the patient, to determine the best treatment and its 
method of application for individual patients, including 
referral if necessary.
No one profession has all the answers to manage chal-

lenging acute and chronic mechanical spinal pain syn-
drome patients. Terefore, following 47 years of clinical
experience, which included some years as clinical director
of the Multidisciplinary Spinal Pain Unit at Townsville 
General Hospital (Giles 2017) that provided acupuncture, 
medicine, and spinal manipulation, with access to other 
specialties, it is my firm opinion that multidisciplinary 
cooperation is essential if clinicians from diff erent back-
grounds are to best serve patients with spinal pain syn-
dromes and the possible sequelae of such syndromes.  
A self-evaluation Patient Satisfaction Questionnaire, 
regarding the multidisciplinary team approach, was 
completed by 872 chronic (> 12 weeks duration) spinal 
pain syndrome patients at the Multidisciplinary Spinal 
Pain Unit, and the responses demonstrated that patient 
satisfaction with a multidisciplinary team approach was 
extremely high (Giles et al 2003).
Finally, the aim of this text is to consider issues related

to non-specific and specific causes of mechanical lumbo-
sacral spine pain syndromes by drawing together, in one 
text, information from numerous sources that relates to 
this issue, thereby getting back to the basics (Frymoyer 
1997) in order to enable the reader to be conversant with
the principles of lumbosacral spine anatomy, physiology,
pathology, and other basic and clinical sciences. 

Lynton G.F. Giles 
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Chapter  1 
GENERAL INTRODUCTION TO THE LUMBOSACRAL SPINE 

 Abstract: Tis chapter discusses the prevalence of chronic low back pain syndromes and their cost to society as there 
is general agreement that about two-thirds of adults are affected by mechanical low back pain at some point in their 
lives. It sheds some light on the long-standing “medical enigma” of mechanical low back pain syndrome disorders. 
It discusses the possible difficulties of coming to a diagnosis for this condition and refers to some possible causes 
of specific and non-specific i.e. mechanical lumbosacral spine pain syndromes, with or without radicular pain. T e 
most important step in the management of acute and chronic low back pain is for the clinician to have the ability 
to undertake an appropriate history and assessment and to have a good understanding of normal and abnormal spi-
nal anatomy to enable the clinician to make an appropriate diagnosis, on which to base appropriate treatment. T e 
important issue of erect posture plain X-ray imaging, and the limitations of supine imaging, are discussed. Weight-
bearing functional/kinetic magnetic resonance imaging is also discussed. 

Key Words: mechanical low back pain, medical enigma, diagnosis, radicular pain, imaging, erect posture imaging, 
functional/kinetic magnetic resonance imaging 

Contents 
Introduction ...........................................................................................................................................................................................1 
Structures Associated with Spinal Pain Syndromes ......................................................................................................................2 
Patient History of Spinal Pain .............................................................................................................................................................5
Neurological Concepts.........................................................................................................................................................................6
Intervertebral Foramen ........................................................................................................................................................................7 
Imaging for Spinal Mechanical Dysfunction ...................................................................................................................................8
Neurocentral Joints of Immature Spines ....................................................................................................................................... 13

 Introduction for by far the greatest number of lumbosacral spinal pain
syndrome cases, so the purpose of this text is to shed  

As Waddell (2004) stated, most back pain is ‘ordi- some light on this long-standing ‘medical enigma’ of 
nary backache’; this often is referred to as ‘non-specifi c’, mechanical spinal disorders (Cailliet 2003;  Rosatelli et 
‘mechanical’, or ‘idiopathic’ spinal pain—serious pathol- al 2006;  Avins 2010) that are so costly to many nations. 
ogy cases are infrequent: < 1% are associated with Emphasis will be placed on some of the possible causes 
tumour/infection, < 1% rheumatological disease and < of such pain by including an ‘atlas’ section showing gross 
5% nerve root pain, and  Deyo et al (1992) found overall anatomy and histological sections as a basis for under-
4% of cases had overt pathology. On analysing 1,775 new standing this phenomenon and showing some of the pos-
patients presenting to a multidisciplinary spinal pain unit sible anatomical causes of such pain. 
Giles et al (2003) found that, of the 949 male patients and Historically, it has been recognized for many years that 
826 female patients (aged 10 to 91 years; average age 43 the epidemic increase of musculoskeletal spinal pain syn-
years), all of whom had some form of spinal imaging, 1% dromes, such as low back pain, actually threatens social 
of patients had radiologically identifiable overt pathologi- welfare systems ( Nachemson 1991), and their diagnosis 
cal processes, in keeping with the 1% quoted by  Redberg and treatment consume a great deal of scarce healthcare 
(2013) and  Traeger et al (2021). Tus, while diff erent stud- resources (Ruta et al 1994). Tis situation still persists 
ies have found the percentage of overt pathology to vary currently, as back pain is a massive problem that is badly 
within an approximate range of 1–4%, there is general treated (Te Economist 2020(a)), vast sums are wasted on 
agreement that about two-thirds of adults are aff ected by treatment for back pain that make it worse, and some 85% 
mechanical low back pain at some point in their lives, and of chronic back pain suff erers have ‘non-specific’ back pain 
only 20% can be given a precise pathoanatomic diagnosis i.e. it has no clear physical cause ( Te Economist 2020(b)). 
(Perina 2020). While the pathogenesis of mechanical low For example, the annual direct cost for back pain treatment 
back pain remains unclear, recent studies suggest that the in the United States is US$100 billion, with a loss of produc-
inflammatory response may be inherent in spinal pain tivity to business of US$225.8 billion ( FMP Global 2018). 
( Teodorczyk-Injeyan et al 2019;  Gautam 2021). Australia spends $4.8 billion (US$3.2 billion) per annum
 Terefore, spinal pain due to mechanical dysfunction— on management of just low back pain (Monash University 

or structural failure of the spinal components—accounts 2018). In the United Kingdom back pain treatment costs 

DOI: 10.1201/9781003315964-1  1
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2 Mechanical Lumbosacral Spine Pain 

US$13.1 billion (Maniadakis et al 2000). Lumbosacral 
spine pain, with or without radiculopathy, is now the num-
ber one cause of disability (Hartvigsen et al 2018;  Julin et al 
2021), and low back pain is one of the most common causes
of physician visits in the United States (Roudsari et al 2010).
Also, spine related disorders are widespread and pose a 
high cost to society (Gliedt et al 2021).
 Te most important step in the management of acute 

and chronic spinal pain is appropriate assessment with 
the inclusion, from the outset, of an approach that
acknowledges the contributions of a patient’s psychologi-
cal, social, and physical factors (James et al 1997).
The aim of clinical assessment is to characterize the 

problem, establish the cause (if possible), and assess
the impact of the problem on the patient, family, and 
caregivers (Woolf et al 2008 ). We often cannot iden-
tify mechanisms to explain the major negative impact
chronic low back pain has on patients’ lives ( Deyo et al
2014 ) and it is generally accepted that the diagnosis of
mechanical spinal pain syndromes is often difficult, as
the anatomy of the spine, including that of its neural 
and other adjacent soft tissue structures, is very com-
plex; the anatomical diagnosis of low back pain is pos-
sible in approximately half of patients with chronic low
back pain ( Finch 2006 ). 

Structures Associated with 
Spinal Pain Syndromes 

In a large number of mechanical spinal pain cases, it may
not be possible to identify the precise pain generator as many
spinal structures are involved in nociception.  Nociceptors 
are primary sensory neurons specialized to detect intense 
stimuli and represent, therefore, the first line of defence 
against any potentially threatening or damaging environ-
mental inputs (Woolf et al 2007 ).  Wyke (1980 ) described
the distribution of lumbosacral nociceptive receptor sys-
tems, known at that time to be sensitive to mechanical and 
chemical tissue dysfunction, as being present in: 

1. Fibrous capsules of zygapophysial (facet) joints and 
in sacroiliac joints. 

2. Longitudinal spinal (anterior and posterior), inter-
spinous, flaval, and sacroiliac ligaments. 

3. Periosteum on vertebral bodies and arches (and 
attached fasciae, tendons and aponeuroses). 

4. Dura mater and epidural fi bro-adipose tissue. 
5. Walls of blood vessels supplying the spinal and sac-

roiliac joints, and in vertebral cancellous bone. 
6. Walls of epidural and paravertebral veins. 
7. Walls of intramuscular arteries within lumbosacral 

muscles. 
8. Skin, subcutaneous and adipose tissue. 

In addition, more recent studies have shown that the 
following spinal tissues are also likely to be involved in 
nociception: 

1. Zygapophysial joint  synovial folds that have 
nerves containing substance P (Giles et al 1987(a);
Grönblad et al 1991(a and b)). 

2. Muscles surrounding the zygapophysial joint when
its capsule—which contains small nerve fi bres and 
free and encapsulated nerve endings, including 
nerves containing substance P—is injured, resulting 
in sensitization and excitation of nerves in the cap-
sule and surrounding muscle (Cavanaugh et al 1996). 

3. Supraspinous ligament (Yahia et al 1988). 
4. Te outer border of the intervertebral disc (IVD) 

(Yamashita et al 1993 ;  Roberts et al 1995 ;  Palmgren 
et al 1999 ). 

5. Bone marrow cavities (Nencini et al 2016), including 
cancellous bone of the sacrum (Degmetich et al 2016). 

Some possible causes of specific and non-specifi c spinal 
pain syndromes of mechanical origin —or mechanical 
failure—with or without radicular pain, are briefl y summa-
rized in Table 1.1; the latter provides a summary of some 
literature references over the years in order to give a his-
torical background to the complex issue of specifi c and 
non-specific spinal pain of mechanical origin.
Examples of some of the conditions in Table 1.1  and 

others will be illustrated in the Anatomical Atlas section 
( Chapter 4 ).
 Tis text is not a general anatomy text—it emphasizes

some aspects of lumbosacral spine anatomy. For complete
details of general anatomy see, for example,  Moore et al 
(2018 ) Clinically Oriented Anatomy and  von Hagens et 
al (1991)  Te Visible Human Body: An Atlas of Sectional 
Anatomy (using plastinated sectional anatomy). T is text 
presents some important spine-related gross anatomical
and histological images from cadaveric specimens—as
well as schematic diagrams—and histology from surgical
material to provide a current basic review for students 
and clinicians interested in spinal pain syndromes of 
mechanical origin or mechanical failure. 
Pain in any structure requires the release of infl amma-

tory agents, including bradykinin, prostaglandins, and 
leukotrienes, which stimulate pain receptors and gener-
ate a nociceptive response in the tissue and it is known 
that the spine is unique in that it has multiple structures
that are innervated by pain fibres (Haldeman et al 2002).
For example, stretching and distorting the articular 
capsule of a zygapophysial joint may result in traumatic 
synovitis with release of noxious neuropeptides, kinins, 
or other inflammatory agents (Haldeman 1999).
The neurophysiology of pain is not fully understood 

at this time. For example, when  Slipman et al (1998)  
used a prospective study consisting of mechanical
stimulation of cervical nerve roots C4 to C8 in patients
with cervical radicular symptoms who were under-
going diagnostic selective nerve block, to document 
the distribution of pain and paraesthesiae that result 
from stimulation of specific cervical nerve roots, and 
to compare that distribution to documented sensory 



      
    

 
   

  
  

  
 

 

 
 
 
 

 
  

 
  
      

     
 

 
   

 
 

  

  

  
  

 

 

 

  
     

  
   

   
 
 

 
 

 

  
 
 

 
 
 
 
 
  

 

 
 

  

  
  

 
  

 
 

 

 

 

 
 

 

  

 

 
 
 
 

 

 
 

 
 

3 General Introduction to the Spine 

TABLE 1.1: Some Possible Causes of Specifi c and 
Non-Specifi c Lumbosacral Spine Pain Syndromes of
Mechanical Origin or Mechanical Failure, with or 

without Radicular Pain 
Vertebral body and intervertebral disc conditions: 
• Disc protrusion or herniation into the spinal canal (Mixter et al 1934). 
• Intervertebral disc degeneration (Hadley 1964). 
• Joint dysfunction (Schmorl et al 1971; Hooten et al 2015). 
• Spondylolysis/spondylolisthesis (Schmorl et al 1971). 
• Disc/dural adhesions (Parke et al 1990). 
• Posterior epidural IVD migration and sequestration (Palmisciano et al
2022). 

• Vertebral body burst fracture with inveterated haematoma within 
the injured disc (Rauschning 1997). 

• Osteoarthrosis (Borenstein 2004). 
• Spondylosis (Tsujimoto et al 2016). 

Nerve root conditions: 
• Due to IVD degeneration and fragmentation (Schiotz and Cyriax
1975), or nucleus pulposus extrusion/herniation (Mixter et al 1934, 
1935; Wilkinson 1986) causing nerve root compression (Kobayashi 
et al 2005) or nerve root ‘chemical radiculitis’ (Marshall et al 1973; 
Goupille et al 2006; Byun et al 2012). 

• Adhesions between (1) spinal nerve dural sleeves and the joint capsule,
with nerve root fibrosis (Sunderland 1968; Farfan 1980; Wilkinson
1986) and (2) the medial branch of the lumbar posterior ramus and
accompanying vessels as they pass through the osseofibrous tunnel of
the mamillo-accessory ligament (Sunderland 1975). 

• Impingement of the exiting nerve root as it crosses a hypertrophic 
sublaminar ridge (the bony, superior insertion site of ligamenta
flava) immediately inferior to the mid-pedicle, lateral to the 
subarticular gutter, and on the medial aspect of the true 
intervertebral foramen (Bednar et al 2021). 

Zygapophysial joint conditions: 
• Joint derangement (subluxation) due to ligamentous and capsular 
instability (Hadley 1964; Cailliet 1968; Macnab 1977; van Norel et al 
1996). 

• Joint capsule tension with encroachment upon the intervertebral 
foramen lumen (Little et al 2005). 

• Joint functional and degenerative changes, e.g. ‘meniscal’ 
incarceration (Schmorl et al 1971), traumatic synovitis due to
‘pinching’ of synovial folds (Giles 1986(a); Giles 1987(a); Giles et al 
1987(a), synovial fold tractioning against the pain-sensitive joint 
capsule (Hadley 1964), osteoarthrosis (Gellhorn et al 2013) and an 
intraspinal synovial cyst (Hsu et al 1995; Habsi et al 2020). 

• Joint effusion with capsular distension which may (a) exert pressure 
on a nerve root (Ghormley 1933), or (b) cause nerve root pain by 
direct diffusion of diffusible substances from injured tissues 
(Haldeman 1977). 

Miscellaneous conditions: 
• Leg length inequality greater than 9 mm (Rush et al 1946; Giles et al 
1981) with associated postural scoliosis. 

• S-I joint syndrome (Shaw 1992; Quon et al 1999). 
• Spinal and intervertebral canal (foramen) stenosis (Rauschning 1987). 
• Intervertebral canal (foramen) venous stasis (Sunderland 1975). 
• Myofascial genesis of pain (trigger areas) (Travell et al 1952; Bonica 
1957; Quon et al 1999); intrinsic muscles of the back can be a source
of pain (Moore et al 2018). Piriformis syndrome may present as pain 
in the buttock or medial to the ischial spine with pain referral 
posteriorly in the lower limb (Bernard et al 1987; Quon et al 1999). 

• Baastrup’s syndrome (Reinhardt 1951; Bland 1987). 
• Osseous vertebral anomalies e.g. hemivertebra, posterior element 
defects (Weis 1975). 

• Idiopathic scoliosis (Ramirez et al 1997). 
• Genetic influences (Tegeder et al 2009; Suri et al 2018; Zhao et al 
2020(a)). 

dermatomal maps, they demonstrated a distinct dif-
ference between  dynatomal and dermatomal maps. 
(A dynatome is the distribution of referred symptoms 
from root irritation, and this is different to the sen-
sory deficit outlined by dermatomal maps.) Therefore, 
Slipman et al (1998) suggest that cervical dermatomal 
mapping is inaccurate.  Jinkins (1993) agrees that there 
is some overlap of sensation, and  Koop et al (2021) state 
that the receptive field of a sensory nerve (peripheral 
nerve field) crosses over different dermatomes; there-
fore, the map of peripheral nerve fields over the body 
differs from the dermatomal distribution, since indi-
vidual peripheral nerves are composed of multiple  
nerve roots. Thus, it is reasonable to suggest that a 
similar neurophysiological finding may occur at other 
spinal nerve root levels, including those of the lumbar 
spine.
Spinal pain syndromes must be viewed in the context 

of (i) clearly defined pathological conditions and (ii) the 
less well-defined—but much more prevalent—condition 
of non-specifi c spinal pain of mechanical origin ( Stoddard 
1969;  Kenna et al 1989). It is imperative to distinguish  
dysfunctional mechanical causes of spinal pain from 
other causes, as patients with mechanical disorders of 
the spine are likely to respond dramatically to manual
treatment (Kenna et al 1989).
Over the years there has been little consensus, either 

within or among specialties, on the use of diagnostic tests
for patients with spinal pain syndromes, and the under-
lying pathology responsible for various spinal pain prob-
lems remains elusive (Videman et al 1998). Furthermore, 
in spite of following a thorough examination procedure, 
one often merely eliminates overt pathologies, and the 
precise cause of non-specific spinal pain syndromes of 
mechanical origin frequently remains obscure ( Turner 
et al 1998).
A major difficulty involved in evaluating a patient 

with non-specific lumbosacral spinal pain of mechani-
cal origin, with or without root symptoms, is that many 
causes of pain are possible. Because the painful struc-
ture, or structures, are not amenable to direct scrutiny,
a tentative diagnosis is usually arrived at for an indi-
vidual case by taking a careful case history, employing 
a thorough physical examination, requesting  appro-
priate imaging (bearing in mind that routine imaging 
frequently only provides shadows of the truth (Giles 
et al 1997(a)) and can be misleading), and considering 
requesting appropriate laboratory procedures, as indi-
cated, in order to assess any possible co-morbid condi-
tion to eliminate ‘red flag ’ conditions. This approach 
is necessary to ensure that a diagnosis of mechanical
spinal pain/spinal pain syndrome may be reached with
a high degree of certainty. Furthermore, there are sev-
eral additional approaches that may be taken to assist 
in patient evaluation, for example by using subjective
self-report measures to assess (i) pain severity, qual-
ity, and location and (ii) the clinically important issue 



      
 

 
 

  

    
 

 
  

 

 
 

 
 

 
  

 

 
 

 

   
 

 
  
 

  
 

 

   

 

 
 

 
 

 

 

 

 
 

  

 

   

 
 

  

 

4 Mechanical Lumbosacral Spine Pain 

of ‘yellow flag ’ conditions associated with personality 
disorders. 
Evidence of signs and symptoms deemed excessively 

or inappropriately abnormal ( Main et al 1982 ) should be
recorded. However, patients should not be considered as 
malingerers unless there are very strong clinical grounds 
for doing so. Caution has to be exercised when making 
judgements on an individual’s behavioural signs during 
examination, as serious misuse and misinterpretation of 
such signs has occurred in medicolegal contexts ( Main et
al 1998 ), and the validity of such behavioural signs has 
been questioned ( Giles 2005 ). 
Regarding ‘malingering’, it is worth noting the sober-

ing comments of orthopaedic Professor Ruth Jackson 
(1956 ) who wrote: “ To label any condition that cannot be 
explained easily as psychoneurosis is indicative of diag-
nostic poverty and infers that those symptoms and signs 
which cannot be explained readily do not exist”. 
Furthermore,  Mennell (1960 ) wrote: “ A diagnosis of 

psychoneurosis should never be made in the absence of 
positive physical signs, among which the hippus reac-
tion of a large pupil to light, hyperhidrosis of the palms 
of the hands, hyperreflexia in all four limbs with a nega-
tive Babinski sign, and diminished deep sensation in the 
Achilles tendons are a reliable tetrad”. 
In addition, Teasell (1997 ) noted that it is not wise to 

label a patient as being neurotic or a malingerer, particu-
larly as it is thought that such patients form only a small
minority of cases. Tere has long been a misconception 
that all injuries should heal after six weeks; however, 
clinical experience and follow-up studies ( Mendelson 
1982 ;  Radanov et al 1994 ) clearly demonstrate that not all 
patients necessarily get better and that there is a signifi -
cant subset who continue to suffer from chronic symp-
toms (Teasell 1997 ). 
With respect to imaging, if the clinician does not have 

access to sophisticated imaging facilities, plain X-ray 
imaging can be used. Photons of X-ray radiation are 
absorbed in varying degrees within body tissues, which 
allows differentiation between different parts of the body;
for example,  low absorption implies that many photons 
reach the photographic plate behind the body, so that 
region becomes black, whereas  intermediate absorption
gives shades of grey (as in body fat and muscles), and with
high absorption few photons reach the photographic 
plate that remains white ( Dijkstra 2007 ). However, this 
type of imaging can only be used to great advantage in 
cases of mechanical spinal pain if images are taken in the 
weight-bearing posture, with or without the inclusion of 
flexion and extension views in the sagittal plane or left 
and right lateral bending views. However, X-radiation 
exposure should always be considered and minimized 
where possible. 
Historically, diagnostic imaging procedures have 

evolved over the years beginning with the use of recum-
bent i.e. non weight-bearing plain fi lm radiography (fi rst 
introduced in approximately 1895), myelography (fi rst 
introduced in 1920), discography (first introduced in 

1948), recumbent computerized tomography (CT; fi rst 
introduced in 1971), technetium-99 m bone scans (bone 
scintigraphy; first introduced in 1971), positron emission 
tomography (PET) scan (first introduced in 1977), recum-
bent magnetic resonance imaging (MRI; fi rst introduced
in 1977 and later modified to be used for whole-body 
magnetic resonance neurography (MRN; fi rst introduced
in 1991)) to selectively visualize the peripheral nervous 
system (PNS) over long trajectories in a single exami-
nation (Yamashita et al 2009 ). Excellent delineation of 
small calibre structures such as nerve roots, denticulate 
ligaments, adhesion bands, and thin walls of intraspinal 
cysts is now possible using MRI CISS/FIESTA-C ( Li et al 
2019 ). Various diagnostic chemical agents used in some 
forms of imaging can be helpful in cases of mechani-
cally induced disc injury; however, they can be harm-
ful, for example when such chemicals injected into IVDs 
extravasate into the epidural space (Weitz 1984 ;  Adams 
et al 1986 ;  MacMillan et al 1991 ) between the spinal 
dura mater and other soft tissue structures within the 
vertebral canal, causing complications due to contact 
between them and neural structures ( Dyck 1985 ;  Merz 
1986 ;  Watts et al 1986 ). Te anatomical complexity of 
the spine often makes roentgenographic interpretation 
difficult ( Le-Breton et al 1993 ), and sometimes there are 
multifactorial causes of pain at a given level of the spine 
( Haldeman 1977 ;  Gross 1979 ), for example injury to the 
IVD, the zygapophysial facet joints, and the associated 
segmental soft tissue structures. In 2007 the fi rst com-
mercially available EOS standing X-ray imaging system 
was used ( Illés et al 2012 )—a Slot-scanning 3D X-ray 
imaging system ( Hasegawa et al 2018 ) that uses 50–80% 
less radiation than conventional X-rays, while being most 
useful in relation to scoliosis and sagittal balance and hav-
ing the advantage of allowing measurement of torsional 
deformity, which classically requires a CT scan ( Melhem 
et al 2016 ); EOS allows simultaneous acquisition of A-P 
and lateral images of the entire body in a natural, erect 
position ( Haouimi et al 2021 ). 
Having mentioned the previous imaging techniques 

and the limitations of some diagnostic imaging proce-
dures, it is important to note the very advanced progress 
that has been made with the advent of  erect posture func-
tional/kinetic MRI (first introduced in 1996 by Stand-Up 
MRI, Fonar Corp, Melville, NY)—the great value of this 
advanced diagnostic MR imaging technique will be dis-
cussed later in this chapter.
With respect to symptoms, there may be several types 

of spinal pain that closely mimic each other ( Haldeman 
1977 ). A further important point is that a central disc her-
niation may cause spinal pain alone without radiculopa-
thy (Postacchini et al 1999(a)), whereas a posterolateral or 
far lateral disc herniation will, in all likelihood, also cause 
radicular pain ( Keim et al 1987 ). 
 Te nerve root compression that occurs in lumbar disc

herniation—and lumbar canal stenosis—often results in a 
range of symptoms, including low back pain, sciatic pain, 
sensory disturbances, and muscle weakness in the legs 



 

 
 

 
 

  

  

  
 
 

 

   
  

 
  

 
 

 
  

 

 

 

     
 

   

 
  

 
  

 

      

  
    

  

  
 

 

 

 

 
 

 

 

5 General Introduction to the Spine 

( Kobayashi et al 2005 ).  Summers et al (2005 ) point out 
that the degree of back or leg pain caused by an acute disc
prolapse depends, in part, on the position, size, and level 
of the disc prolapse. 
 Tere often is disagreement on which imaging proce-

dures have diagnostic validity for non-specific spinal pain 
of mechanical origin, although it is generally agreed that, 
for plain fi lm X-ray examinations, two views of the same 
anatomical region at right angles is the minimum require-
ment ( Henderson et al 1994 ); erect posture radiography 
( Giles et al 1981 ) and functional views (Weitz 1981 ) are 
far more useful than recumbent views. Furthermore, 
Buirski et al (1993 ) correctly noted that MRI can only be
used as an assessment of nuclear anatomy and not for 
symptomatology. In addition,  Osti et al (1992 ) concluded 
that lumbar discography is more accurate than MRI for 
the detection of annular pathology. However, according 
to Shalen (1989 ), lumbar discography is a controversial 
examination that is regarded by some radiologists and 
spine surgeons as barbaric and non-effi  cacious (Wiley et 
al 1968 ;  Clifford 1986 ;  Shapiro 1986 ) and may cause seri-
ous side effects. For lumbar spine CT and MR imaging, 
Willen et al (1997 ) showed that the diagnostic specifi c-
ity of spinal stenosis will increase considerably when the 
patient is subjected to an axial load, and  Danielson et al 
(1998 ) concluded that, for an adequate evaluation of the 
cross-sectional spinal area, CT or MR imaging studies 
should be performed with axial loading in patients who 
have symptoms of lumbar spinal stenosis. Now that erect 
posture MRI is available, it has been shown that in scan-
ning of symptomatic patients, 761 in the  recumbent posi-
tion, and 725 in an upright sitting position, stenosis rates 
ranged between 38.5% (recumbent) and 56.7% (weight
bearing) ( Gilbert et al 2011 ), illustrating the important 
role of weight bearing MRI. 
In summary, it is only rarely possible to validate a diag-

nosis in cases where pain arises from the spine (White et
al 1982 ) in cases of mechanical spinal pain and, because 
it is not possible to establish the pathological basis of spi-
nal pain in 80–90% of cases ( Chila et al 1990 ;  Spratt et 
al 1990 ;  Pope et al 1993 ), this leads to diagnostic uncer-
tainty and suspicion that some patients have a ‘com-
pensation neurosis’ or other psychological problem, as
previously mentioned. It is also appropriate at this time 

to recognize the role of  psychosocial factors in spinal 
pain. Although the complex interaction of psyche and 
soma in the aetiology of spinal pain is not well under-
stood, a  psychogenic component may be primary (conver-
sion disorder),  secondary (depression caused by chronic 
pain),  contributory (myofascial dysfunction), or  absent 
( Keim et al 1987 ). Nonetheless, clinicians must have a 
good understanding of the possible causes of a patient’s 
symptoms and of the possible underlying mechanical 
spinal pathology, for example patients presenting with 
symptoms of  tethered cord syndrome ( Yamada 1996; 
Giles 2003(a );  Yamada et al 2004 ). 
Common sources of spinal pain that are identifi ed 

through medical history or physical examination include 
vertebrae, muscles, fascia, and ligaments, and some may 
be confirmed as such by radiography, computed tomog-
raphy (CT), MRI, or electromyography (EMG)/nerve 
conduction velocity (NCV) testing ( Kim et al 2011 ). 
When nerve root dysfunction is suspected, electromyog-
raphy and nerve root conduction studies can be helpful 
(Hoppenfeld 1977 ). 
It is reasonable to broadly classify acute spinal pain as 

being of 7–28 days or less duration, which may be fol-
lowed by a  sub-acute stage of up to 12 weeks; after this 
time interval the pain can be considered chronic ( Skouen 
et al 2002). 

Patient History of Spinal Pain 
As previously mentioned, the importance of a  thorough 

case history cannot be overemphasized, and it should 
take into account facts such as the patient’s age, occupa-
tion, onset of pain, previous injuries, medication, recre-
ational activities, pain aggravation and characteristics,
location, distribution, and any related neurological symp-
toms (numbness, paraesthesiae, muscle weakness) and 
whether compensation is involved regarding an injury.
Some conditions provide reasonably characteristic pat-
terns, while others do not. For example, spinal pain that 
occurs at night and that is relieved by aspirin may be
associated with an osteoid osteoma, i.e. a benign tumour 
of bone ( Keim et al 1987 ). Night pain per se should be 
considered as being of probable serious pathological 
change. Likewise, spinal pain patients with night sweats 



 
  

   

 
 

    

  
  

  
 

 

 
  

 
    

    

 
 

     
  

 
 

6 

may suggest a serious underlying pathology, so appropri-
ate laboratory or imaging tests may be necessary to rule 
out organic disease. 
If a thorough history is not taken, there is a great risk 

of the clinician making the wrong diagnosis, as Dahm 
et al (2021 ) found that interactions between patient 
and clinician where there is a diagnostic error had a 

  FIGURE 1.1A Dermatomes on the anterior surface of 
the body. A dermatome is an area of skin that is primarily 
supplied by a single nerve root communicating sensation
from this skin region to the brain. 

Source : Reproduced with permission from Mikael
Häggström  https://commons.wikimedia.org/wiki/File:
Dermatomes_and_cutaneous_nerves_-_anterior.svg
 https://creativecommons.org/licenses/by/4.0/. 

Mechanical Lumbosacral Spine Pain 

shorter history-taking period as one component of the 
interaction. 

 Neurological Concepts 
Bearing in mind the previously mentioned fi ndings of 

Slipman et al (1998 ) and others, a couple of important 
neurological concepts that need to be considered during 
the examination relate to (i) dermatomes and (ii) myo-
tomes of the human body.
Dermatomes of the human body i.e. the distribu-

tion of cutaneous areas supplied with afferent nerve 
fibres by single  posterior (sensory) spinal nerve roots 

  FIGURE 1.1B  Dermatomes on the posterior surface of 
the body. 

Source: Reproduced with permission from Mikael  
Häggström https://commons.wikimedia.org/wiki/File:
Dermatomes_and_cutaneous_nerves_-_posterior.svg
https://creativecommons.org/licenses/by/4.0/ . 

https://commons.wikimedia.org
https://creativecommons.org
https://commons.wikimedia.org
https://creativecommons.org
https://commons.wikimedia.org
https://commons.wikimedia.org


 
  

 
 

  
  

  
 

 
   
    

          
    

 
 
 

   
 
 
 
 

   
 

 
 

  

   
  

     
 

   
    

      
   

     
  

      
   
  

 
   
      

  

    

7 General Introduction to the Spine 

(Dorland’s Illustrated Medical Dictionary 1974; Barr a group of muscles innervated from a single spinal seg-
et al 1983), have been fairly well established (Figures  ment (Dorland’s Illustrated Medical Dictionary 1974).
1.1A and B) and enable deficits of a specific nerve root Like dermatomes, myotomes have been fairly well estab-
to be accurately localized during sensory examination lished ( Figure 1.2 ), and muscle weakness may be present 
(Keim et al 1987). due to mechanical nerve compromise. 
Myotomes are the segmental innervation of  skeletal 

muscle by the  anterior (motor) root(s) of spinal nerves i.e. 

  FIGURE 1.2  Functional innervation of the muscles (myotomes).  (A) Medial and lateral rotation of shoulder and 
hip, pronation and supination of wrist and forearm. Abduction and adduction of shoulder and hip. (B) Flexion and 
extension of elbow and wrist. (C) Flexion and extension of shoulder. (D) Flexion and extension of hip and knee, dor-
siflexion and plantar flexion of ankle. 

Source: Reproduced with permission from Carrera A, Lopez A.M., Sala-Blanch X et al 2020 Functional 
Regional Anesthesia Anatomy, New York School of Regional Anesthesia (NYSORA)  www.nysora.com/  
foundations-of-regional-anesthesia/anatomy/functional-regional-anesthesia-anatomy/.

   Intervertebral Foramen stabilized by transforaminal ligaments (Choi 2019).  
In addition, also located in the foramen are from two 

Before discussing areas of the lumbosacral spine that to four recurrent meningeal nerves, variable numbers 
may cause spinal pain, with or without radiculopathy, it of spinal arteries, and plexiform venous connections 
is important to define the region commonly referred to between the internal and external vertebral venous 
as the ‘intervertebral foramen’ (canalis intervertebra- plexuses (Newell 2008). 
lis) that lies between the pedicle above and the pedicle  Te length of the intervertebral foramen [canal] in the 
below. The word ‘ foramen’ does not convey the sig- lumbar spine from L1–2 to L5-S1 levels in 20–35-year-
nificance of the  length of this root canal—or tunnel— old males and females, respectively, ranges from 9.1 (± 
that extends from the vertebral foramen medially to 2.0) to 22.5 (± 4.3) mm for males and from 8.1 (± 1.8) to 
the lateral opening—or outer boundary—of the root 18.8 (± 4.1) for females (Twomey et al 1988). T erefore, it 
canal i.e. the  exit zone of this canal (Schmorl et al 1971; can be seen that the nerve root canal is a tubular canal 
 Dommisse 1975 ;  Porter 1998 ). The true foramen is the of variable length arising from the lateral aspect of the 
foraminal region of the canal ( Newell 2008) through dural tube (Crock 1981). 
which pass the nerve root, the segmental mixed spinal  Te same principle applies to the length of the root canal 
nerve and its sheaths, posterior root ganglion (PRG), between the sacral anterior and  posterior foramina at each 
radicular artery, veins, and lymphatics that may be level of the sacrum, with the upper root canal levels being 

http://www.nysora.com
http://www.nysora.com


     
  

    
    

  
    

    
 

 
 

 

 
 

 
         
   

  
 

   
   

 
   

   
  

 
  

 

 
      

 
 

  
  

  
 

 
   

 

 
  

 

 
 
 

  
  

  
   

  

   
    

 
 

 
 

8 Mechanical Lumbosacral Spine Pain 

longer than those at the lower levels because of the greater
anterior to posterior depth of the sacrum superiorly.
Among various structures that may be involved in a 

patient’s symptoms are ligamentous structures that are 
found within the intervertebral foramen i.e. from the 
entrance zone to its exit zone. T e internal transforami-
nal ligaments (TFLs) may be involved in a patient’s symp-
toms (Amonoo-Kuofi et al 1988; Giles 1992(a); Cramer et
al 2002;  Akdemir 2010;  Zhao et al 2016) as they reduce 
the space available for the spinal nerve root within the 
intervertebral foramen (Min et al 2005) and thus may 
play a role in giving rise to severe pain and paraesthesiae
along the distribution of a nerve, due to direct mechani-
cal pressure on the neural complex (Amonoo-Kuofi et al
1997 ). T e extra-foraminal ligaments i.e. just outside the 
intervertebral foramen, are believed to protect against 
traction and compression of the nerves by positioning the
nerve in the intervertebral foramen (Kraan et al 2009). 
Lumbar extra-foraminal ligaments have been described 
by Zhong et al (2017).
TFLs can successfully be imaged with low-fi eld-

strength MRI; if a radiologist identifies a TFL, there is 
an 87% chance that one is present, and, if a radiologist  
does not identify a TFL in an intervertebral foramen, 
there remains a 51% chance that one is present (Cramer 
et al 2002). Furthermore, high-resolution far-lateral MR 
images through the spinal neural foramen yield relevant 
information concerning the neural foramina, alterations 
in the posterior spinal facet joint, pedicle, IVD, and its 
margins—such images may be complemented by infor-
mation gained from high-resolution far-lateral thin-sec-
tion stacked axial CT images (Jinkins 2004(a)). 
From the previous evidence, it is clear that clinicians 

need to be familiar with both normal and abnormal spi-
nal anatomy in order for them to think laterally when 

confronted with challenging mechanical spinal pain syn-
dromes, and this text aims to achieve this. 

Imaging for Spinal Mechanical
Dysfunction 

Imaging of the degenerative spine is a frequent chal-
lenge in radiology (Kushchayev et al 2018). Nonetheless,  
routine radiographs of the lumbar spine and pelvis and, 
when indicated by the history and symptoms, the chest,
should be taken to establish a baseline and to rule out 
metabolic, inflammatory, and malignant conditions 
( Keim et al 1987), bearing in mind the limitations of plain
X-ray examinations and recumbent spinal images. As 
long as proper coning of the X-ray beam is used in con-
junction with up-to-date imaging equipment, minimal  
radiation should be received by the patient. As previously 
stated, lumbosacral spine and pelvis radiographs should 
be taken in the  weight-bearing erect posture, whenever 
possible, using carefully standardized procedures spe-
cifically to look for  mechanical dysfunction; for example, 
to accurately determine whether possibly signifi cant leg 
length inequality (LLI) is present with corresponding 
pelvic obliquity causing scoliosis in the spine (Giles et al 
1981; Giles 1984(a)). Furthermore, a  lateral lumbosacral 
X-ray view may show thinning of a disc space height that
usually produces a degree of subluxation of the zygapoph-
ysial joint’s facet articular surfaces, with narrowing of the 
intervertebral foramen (Hadley 1936). Disc narrowing  
with retrolisthesis of the vertebra above the disc is most 
likely a sign of posterior or posterolateral disc bulging or 
protrusion ( Giles et al 2006); an example of a normal lum-
bosacral (L5-S1) joint level, followed by an example of disc
thinning is shown in Figures 1.3A and B. 

  FIGURE 1.3  (A) Lateral lumbosacral plain X-ray view with normal disc height and  without retrolisthesis. A line 
drawn along the posterior margin of the L5 vertebral body to the sacrum does not fall behind the sacral base (S1).  (B) 
A line drawn along the posterior margin of the L5 vertebral body to the sacrum in this case falls  behind the posterior 
margin of the sacral base (arrow), indicating retrolisthesis of L5 on S1 due to disc narrowing, suggesting a disc bulge or 
protrusion is present. As a matter of interest, the X-ray report stated “minor narrowing at L5-S1 disc space is probably 
developmental rather than pathological”. (C) An axial CT (Computerized Tomography) scan of the patient shown in 
Figure B shows a broad-based posterior central disc protrusion (P) that encroaches upon the pain sensitive anterior 
aspect of the thecal sac indenting it and the associated nerve roots. 



   

    
     

  
 

   
  

 
  

  

   

 

 

 

 
  

     
     

    
   

  
 

 

 

 

   
 
 

  
  
  

   
  

      

 

9 General Introduction to the Spine 

If, following a history and a physical examination, the can be made using plain X-ray  dynamic lateral fl exion 
clinician suspects that the patient may have a lumbar images (Weitz 1981), with the patient in the erect posture 
disc herniation but there is no access to sophisticated  ( Figure 1.4 ). 
imaging, a mechanical evaluation of the lumbar spine 

  FIGURE 1.4  Erect posture right and left lateral flexion X-ray images of a 34-year-old male who presented with 
recent onset acute low back pain and mild left sided radiculopathy, made worse on coughing.  (A) Right lateral fl exion
shows that the L4–5 disc space functions normally i.e. it is wider on the left side than on the right side; also the overall 
lateral flexion contour of the spine is normal with disc spaces narrower on the right. (B) Left lateral flexion shows that 
the L4–5 disc space does not function normally i.e. there is minimal wedging of the L4–5 disc space on the left side; 
also the lateral flexion contour of the spine is limited. Follow-up at a sophisticated imaging facility showed a left sided 
posterolateral disc herniation of the L4–5 intervertebral disc. 

With reference to low back pain, guidelines recom- appropriate, and  Kasch et al (2021) who conducted a lum-
mend that imaging should not routinely be used as part of bar MRI study support current guidelines that recom-
early management (Foster et al 2018;  Oliveira et al 2018). mend restrictive imaging for low back pain. Again, in my 
Tis recommendation—and Bogduk’s (1999) “modifi ed opinion, unless there is a contraindication such as preg-
criteria for the use of plain films in low back pain”—that nancy, it is important for  appropriate plain X-ray imag-
are based on the work of  Deyo et al (1986), are of con- ing to be used i.e. weight-bearing and functional imaging 
cern, as I believe they overlook the importance of possi- views that can be  much more useful from a diagnostic 
ble  mechanical abnormality and function.  Bogduk (1999 ) perspective, as the frequently used non-weight-bearing 
states “plain films may be used as a screening test for ‘red and static imaging may miss many spinal mechanical 
flag’ conditions if a patient presents with any of the fol- and early functional degenerative conditions. Such imag-
lowing features: history of cancer, signifi cant trauma, ing at the  onset of symptoms, rather than risking possible 
weight loss, temperature > 37.6 degrees C, risk factors for misdiagnosis and mismanagement, both of which would 
infection, neurological deficit, minor trauma in patients be disadvantageous to patients, is important. Tis is par-
(over 50 years of age, known to be osteoporotic or tak- ticularly relevant when treatment by spinal manipulation 
ing corticosteroids), and no improvement over a 1-month is considered, as the application of mechanical forces to 
period”. Jarvik et al (2002) state that for adults younger a spine that may have degenerative changes, let alone 
than 50 years of age, with no signs or symptoms of sys- overt pathological changes, potentially could be harm-
temic disease, symptomatic therapy without imaging is ful. In my opinion, not looking at the spine and pelvis in 



  

  
  

 

 
  

  
   

   
  

  
  

 
     

    
 
 

  

   
 

     
 
 
 

 
 

  
 

 

    
 

 
 

  
    

   
 

 

 
  

 

 
 

      
           

  
   

   
 
 

  
    

   

 
 

  
     

   
 

  

 

 
 

  
 

   
 

 

  

 

 

  
 

 
 

 
 
 

  

 

10 Mechanical Lumbosacral Spine Pain 

all cases prior to using  mechanical treatment may well
explain the occurrence of occasional adverse events, even 
though most authors have reported a very low rate of 
adverse events associated with spinal manipulation. 
In addition, more sophisticated imaging procedures 

may be necessary. Tese include (i)  MRI, which can pro-
vide very good detail of soft tissue structures in and about
the spinal column, importantly without the need of radi-
ation, and frequently without the need for contrast; (ii)
computerized tomography scans, which are particularly 
good at showing bony structures but use X-radiation; (iii) 
bone scans when tumour, infection, or small fracture(s) 
are suspected; and (iv) discography, when indicated, to 
show tears in the IVD with internal disc disruption. T e 
usefulness of a PET scan, used heavily in clinical oncol-
ogy, should not be underestimated. When  invasive imag-
ing is being contemplated, the possible complications of 
such a procedure should always be considered. 
Unfortunately, all the preceding procedures have some 

limitations, for example plain film radiographs will not 
show an osseous erosion until approximately 40% decrease
in bone density has occurred (Michel et al 1990;  Perry  
1995), and  Schellhas et al (1996) and  Osti et al (1992)
found that discography is more accurate than MRI for the
detection of annular pathology in the lumbar and cervical
spines, respectively. Te limitations of present diagnostic
imaging procedures in not being able to show all soft tis-
sues are an unfortunate but obvious fact (Finch 2006).
 Te following comments are of interest regarding some 

limitations of imaging procedures. With respect to the 
lumbar spine,  Vernon-Roberts (1980) wrote: “It may be 
a minor consolation to clinicians and others who have to 
deal with the problem of low back pain to know that even
clinically and radiologically ‘normal’ spines can have 
pathological changes which, until proved otherwise, could 
be a cause of much stress to both doctor and patient”. 
Furthermore, the imaging report often states ‘degen-

erative disc disease’ or ‘normal examination’, in spite of a 
patient’s considerable symptoms. Terefore, in this book
some possible reasons for this are presented.
In spite of the advantage of MRI, which is consid-

ered to be the major medical imaging development 
of the century (Wong et al 2007), in that it is a  non-
invasive procedure, without any recognized biologi-
cal hazard, that combines a strong magnetic fi eld and 
radiofrequency energy to study the distribution and 
behaviour of hydrogen protons in fat and water (Weir 
et al 2003), a normal MRI  does not exclude signifi cant 
changes in the peripheral structure of the IVD that can 
produce spinal pain (Osti et al 1992).
A limitation of MR imaging is the resolving power (i.e. 

ability to distinguish small or closely adjacent structures) 
of the MRI machine; this has to be taken into account 
when considering what cannot be seen. As an example, 
for brain tissue a 3-T MRI machine can resolve details 
as small as 1 mm (1,000 microns) while the resolution 
of a 7-T machine can be as fine as 0.5 mm (500 microns) 

( Nowogrodzki 2018); any lesion smaller than this would 
not be seen. For this reason, with regard to small inju-
ries, imaging reports may fail to indicate the cause of 
mechanical spinal pain.
Several routine (recumbent) MRI studies have shown 

that 20–76% of asymptomatic adults exhibit abnormali-
ties of lumbar discs (Boden et al 1990; Buirski et al 1993;
Jensen et al 1994;  Deyo 1994;  Boos et al 1995;  Jarvik et  
al 2001), but  Kleinstück et al’s (2006) lumbar spine MRI 
study showed that symptomatic adults with chronic, non-
specific low back pain appear to have an overall higher  
prevalence of structural abnormalities than previously
reported for asymptomatic individuals. In addition,  many 
times, but not always, MR imaging findings do correlate 
with the clinical presentation ( Bartynski et al 2007 ), and 
Haldeman et al (2002) concur, stating that even the most 
severe degenerative changes can occur in the absence 
of symptomatology but that back pain is more common 
in individuals who do demonstrate these degenerative 
changes. T e specifi c difficulties encountered with MRI 
studies to date may relate to the fact that recumbent MRI 
technology was used; new technology, allowing for com-
parisons between  upright, weight-bearing, dynamic, posi-
tional MRI and traditional recumbent MRI has shown 
that there often is a very signifi cant diff erence between 
the pathology visualized between the two MRI proce-
dures; therefore, the diagnostic information that can be 
derived from routine recumbent MRI studies is limited 
(Jinkins JR, personal communication, 2007).
In a study to review the general clinical utility of the 

first dedicated MRI unit enabling  upright, weight-bearing 
positional evaluation of the spinal column (pMRI) dur-
ing various  dynamic-kinetic manoeuvres (kMRI ) (Fonar
0.6 T unit with images acquired with a lumbar solenoidal
radiofrequency receiver coil) in patients with degenera-
tive conditions of the spine, Jinkins et al (2003(a)) con-
cluded that: the  potential relative beneficial aspects of 
using upright, weight-bearing (pMRI), dynamic-kinetic 
(kMRI) spinal imaging include (i) the revelation of occult
disease dependent on true axial loading, (ii) the unmask-
ing of kinetic-dependent disease, and (iii) the ability to 
scan the patient in the position of clinically relevant 
signs and symptoms, while this imaging unit also dem-
onstrated low claustrophobic potential and yielded rela-
tively high-resolution images with little motion/chemical
shift artifact. 
 Tus, Professor Jinkins and colleagues’ considerable 

pioneering work in comparing recumbent and upright,
dynamic-kinetic MRI has clearly added valuable insight 
for diagnosing mechanical and degenerative spinal pain 
syndromes.
‘Functional’ MRI and its ability to detect load-depen-

dent and motion-dependent disc herniations, stenosis, 
instabilities, and combinations of these pathologies
not seen during recumbent imaging (Jinkins et al 
2003 (b);  Elsig et al 2006 ) is a great advance in diagnos-
tic MR imaging. In addition, 3 Teslar (T) MRI units are 



    
    

 
 

  

  
 

  
  

  

 

 
       

 

 
       

  
 

 

          

    
 

   
  

   
 

 
  

  
   

 
 

 
 

 

 

  
   

 
  

  
      

        
      
          

  
    
  

 
   

 
 

11 General Introduction to the Spine 

becoming available that can provide even higher-qual-
ity images than those obtained at 1.5 T (Tanenbaum 
2006).
In an evaluation of IVD  herniation and hypermobile 

intersegmental instability in symptomatic adult patients
undergoing recumbent and upright MRI of the cervical 
and lumbosacral spines, Perez et al (2007 ) concluded 
that overall, upright-seated MRI was superior to recum-
bent MRI of the spine, where, in 89 patients recumbent 
imaging missed pathology (n:10) and recumbent imaging 
underestimated pathology (n:42) i.e. 52/89 total patients 

(58%), validating the importance of weight-bearing imag-
ing of the spine. 
In order to demonstrate the concept of using appropri-

ate upright dynamic-kinetic MR imaging for mechanical 
spinal pain syndromes, the following images (courtesy 
the Late Professor R Jinkins 2007 from his collection of 
images) clearly show the important diagnostic diff erence 
between recumbent and weight-bearing kinetic MR images
of the lumbar spine (Figure 1.5). A brief clinical comment 
on different mechanical changes in the diagnosis between 
the various postures is provided by Professor Jinkins. 

  FIGURE 1.5  Salient History: A patient with chronic progressive low back pain when upright. Te MRI initial diag-
nosis, based on the  recumbent MRI, was  L4–5 Degenerative Disc Disease. In the upright neutral and fl exion postures, 
the MRI final diagnosis was  L4–5 Hypermobile Intersegmental Instability with anterolisthesis of L4 on L5 , therefore 
providing an indication for intersegmental fusion at this spinal level. Tis provides an example of increased imaging 
sensitivity and  specifi city. 

From Figure 1.5, it is clear that an appropriate type of 
imaging for the patient’s presenting condition is impera-
tive if the imaging is to be contributory to the diagnosis 
and  treatment and that imaging of the spine in the erect 
standing (and seated) position adds signifi cantly to the 
diagnostic ability of MRI (Smith et al 2004), especially 
in situations where symptomatic radiculopathy is pres-
ent without any abnormalities demonstrated on conven-
tional MRI (Zou et al 2008).
As Professor Jinkins has indicated (Personal 

Communication 2007), with appropriate weight-bearing 
kinetic MR images (p/kMRI) that show increased sensi-
tivity and  specifi city, the radiologist can show the physi-
cian the entire radiological problem; the physician is then 
in a position to treat the patient’s clinical condition, with
the possibility that he will remedy the patient’s clinical 
symptoms. Furthermore, the clinical-radiological rele-
vance of p/kMRI relates to: (i) patient care considerations 
due to improvement of imaging sensitivity over that of 
recumbent examinations, (ii) medicolegal aspects regard-
ing revelation of diagnoses missed or underestimated on
recumbent examinations, (iii) workers’ compensation 

regarding revelation of occult pathology not found on 
recumbent examinations, and (iv) economic factors due 
to nations’ burgeoning spinal pain syndrome costs when
using only recumbent MRI investigations for diagnosis 
(Jinkins et al 2003(b)). In addition, one has to consider 
what are the possible implications for patients’  pain and 
psychological management. 
In various lumbar spine studies, it has been shown that

a significant association exists between some structural 
abnormalities and the  presence (Parkkola et al 1993; van 
Tulder et al 1997; Paajanen et al 1997; Luoma et al 2000),
frequency (Videman et al 2003;  Videman et al 2004), or 
severity (Videman et al 2003; Peterson et al 2000) of low 
back pain. 
 Using fl exible fibrescopes (external diameter of 0.6–1.5 

mm), Tobita et al (2003) stated, with respect to the entire
spine: “Although the diagnosis of spinal disease has been
greatly improved by CT and MRI, there are still many 
conditions that are difficult to diagnose by these means  
as pathological changes were seen by fi brescopic exami-
nations in patients in whom no abnormal changes were  
found by MRI or CT”. 



  

  

   
  

 
 

 
  

    
 

    

 

 

 

 
 

 

  

 
 

  
 

  

 
 

  
  

 

 

 
 

  
 

  
  

 
 

  
  

    

        
 

12 Mechanical Lumbosacral Spine Pain 

 Te aforementioned findings raise questions about 
the morphology-based understanding of pain pathogen-
esis in patients with disc abnormalities ( Boos et al 2000 ). 
Furthermore,  Karppinen et al (2001 ) found that recum-
bent MRI scans from 160 patients with unilateral sciatic 
pain suggested that a discogenic pain mechanism other 
than nerve root entrapment generates the subjective 
symptoms among sciatic patients. 
A further difficulty is that the nomenclature and clas-

sification of lumbar  disc pathology is not standardized 

( Fardon et al 2001 ), although  Pfirrmann et al (2001 ) and 
Kushchayev et al (2018 ) have suggested a method for 
grading disc degeneration on T2-weighted MRI (See 
Figure 2.42 ). Changes in  vertebral body bone marrow 
with MR imaging have been well documented by  Modic 
et al (1988 (a and b)) who described three types: (i)  mar-
row oedema, (ii) fatty degeneration, and (iii) bony sclerosis 
( Figure 1.6 ). 

  FIGURE 1.6 Degenerative bone marrow (Modic) changes: (a-c) Type 1 changes; (d-f) Type 2 changes; (g-i) Type 3 changes. 

Source: Reproduced with permission from Kushchayev et al 2018 ABCs of degenerative spine. Insights into Imaging
9: 253–274; Creative Commons Attribution 4.0 International License. http://creativecommons.org/licenses/by/4.0/. 

Signal intensity changes seem to reflect a spectrum of 
vertebral body marrow changes associated with degenera-
tive disc disease ( Modic 1988(a )), and a lumbar disc herni-
ation is a strong risk factor for developing Modic changes 
(especially Type I) during the following year ( Albert et
al 2007 ). Modic changes are the MRI-image representa-
tion of inflammatory vertebral endplate damage that are 
often related to general disc degeneration; however, in a 
subgroup of patients,  disc infection may be the causal fac-
tor, so it is relevant to consider ‘disc infection’—most com-
monly involving Propionibacterium acnes, in which case
long-term antibiotics may be effective ( Manniche 2014 ). 
It is important to note the following comments regard-

ing imaging shown in this text: 

• Most plain film anteroposterior radiographic images 
of the spine and or pelvis are printed as if the clini-
cian were looking at the patient’s back; i.e. a marker
showing ‘R’ indicates the patient’s right side. 

• Spinal axial CT and MRI scans are viewed, as 
usual, from ‘below’; i.e. remember that the clinician 
‘looks up’ the patient’s spinal canal with the patient 
recumbent, so the patient’s right side is marked ‘R’ 
on the left side of the axial scan images. 

• MRI T1-weighted images produce essentially a fat
image in which structures containing fat (bone mar-
row, subcutaneous fat) appear bright, while structures
containing water (oedema, neoplasm, infl ammation,
cerebrospinal fluid (CSF), sclerosis, large amounts of
iron) appear dark (Yochum et al 1996 ). 

• MRI T2-weighted images produce essentially a 
water image in which structures containing pre-
dominantly free or loosely bound water molecules 
(CSF, healthy nucleus pulposus, oedema, infl am-
mation, neoplasm) appear bright, while substances
with tightly bound water (ligaments, menisci, ten-
dons, calcification, sclerosis, or large amounts of 
iron) appear dark (hypointense) (Yochum et al 
1996).

• In all cases, patient identification details have been 
deleted to maintain patient confi dentiality. 

When imaging has been performed, look at the images 
to determine their diagnostic quality. For example, with
plain film radiographs, to determine whether they are of 
diagnostic value, specifically consider whether there is: 
(i) correct  exposure of the X-ray film and (ii) correct  posi-
tioning of the patient. 

http://creativecommons.org


 
    

       
 
 

   

   

 

 

  
  

 

 
  

    
     

       
   

    
 

 
  

    

 
 

   

    
 

 
 

    

13 General Introduction to the Spine 

Neurocentral Joints of Immature Spines 
To conclude this General Introduction, although this 

text refers to the lumbosacral spine anatomy of  adults , it 
is worth noting that, at birth, each typical vertebra con-
sists of  three bony parts i.e. the centrum (body) and two 
halves of the neural arch posteriorly (Grant 1962). T e 
neural arch and the body are united by hyaline cartilage 
and fusion of the paired (i.e. left and right) neurocentral 
junction cartilaginous growth plate (Rajwani et al 2002; 
Schlösser et al 2013), or  neurocentral synchondrosis 
(NCS) (Zhang et al 2010;  Blakemore et al 2018) in the ver-
tebra remains 100% open in all three regions of the spine 
in the one-to-three-year age group. T e lumbar NCS is 
nearly fully closed by 11–12 years of age, the  thoracic 
NCS remains open up to 14–17 years of age, and the  cer-
vical NCS is the first to close, with completion about 5–6 
years of age (Rajwani et al 2002;  Blakemore 2018). It is 
interesting to note that overall the NCS appears to close 
sooner in males than in females, even though females  
mature faster and reach skeletal maturity sooner than  
males (Blakemore et al 2018). 

 Te issue of non-fusion of the lumbar spine neurocen-
tral joints is shown in Figure 1.7, using the upper lumbar
spine of an eight-year-old male. 
In summary, Blakemore et al (2018) performed a gross

anatomical study of cadaveric osteological specimens from
the spines of 32 children aged 1 to 18 years, whereas Rajwani 
et al (2002) and Zhang et al (2010) used MRI. In a ret-
rospective study of 43 non-scoliotic children who had 
previously required CT scans of the thorax and abdomen 
for unrelated medical conditions, Schlösser et al (2013) 
showed that the age of closure of the neurocentral junc-
tion in the lumbar and thoracic spines depends on (i) the 
spinal level and (ii) the left-right asymmetry that depends 
on age and gender, and that this asymmetry may be asso-
ciated with idiopathic scoliosis, but they confi rmed that 
their study cannot answer this question, as a specifi c lon-
gitudinal study would be required to do so. 

  FIGURE 1.7  (A) Superior view of an upper lumbar spine vertebra from an eight-year-old male showing incomplete 
fusion of the paired hyaline cartilaginous neurocentral synchondroses (arrows).  (B) Lateral partly oblique view of 
the same vertebra. Note the cartilaginous neurocentral joint (arrows), which is seen to be largely unfused in this 
projection. 

Source: Photographed by the author at the R A Dart collection of Modern Human Skeletons, University of the 
Witwatersrand, Johannesburg, South Africa. 



  

 

 

 

   
  

 

 

 

 

 

Chapter  2 
NEUROANATOMY SUMMARY OF THE LUMBOSACRAL SPINE 

  Abstract: Tis chapter presents a brief anatomical overview of the spinal cord, spinal nerves, and cauda equina with sup-
porting diagrams and histological sections, including one axial view of the spinal cord with its membranes, grey matter, 
and white matter. An axial view schematic diagram of the spinal cord and its descending and ascending pathways is 
shown. Diagrams of the ensheathment of peripheral myelinated nerve fibres, the recurrent meningeal nerve (sinuverte-
bral nerve), and the neuroanatomy across a lumbar vertebral level as well as the sympathetic and parasympathetic divi-
sions of the peripheral nervous system are shown. Arteries and veins of the spinal cord, nerve roots, and cauda equina 
are illustrated. Te anatomical and physiological basis of pain sensation, mechanisms, sensory nerve receptors, fi bre 
types, and pathways to the central nervous system, as well as blood vessels and their histological anatomy and innerva-
tion are discussed. Lumbosacral spine innervation in general and the relationship of the nerve roots to the cerebrospinal 
fluid and the arachnoid villi in the spinal root sleeves, and their contact with the epidural venous plexus, are illustrated. 
Lumbosacral mechanical spinal pain syndromes due to structures such as the cluneal nerves, furcal nerves, and the sac-
roiliac joint are presented. A sequence of radiological axial CT scans from the lumbosacral level to the lowest part of the 
sacroiliac joint are presented as is a brief summary of the muscles of the back with their basic function and innervation. 

Key words: neuroanatomy, recurrent meningeal nerve, sinuvertebral nerve, pain, vascular pain, root sleeves, cerebro-
spinal fluid, spinal membranes, spinal arachnoid villi, sacroiliac joint, spinal neuroanatomy 
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15 Summary of the Lumbosacral Spine 

 Introductory Overview 
 Te following is a brief summary of human spinal neu-

roanatomy in order to present an understanding of basic 
neuroanatomy for the reader. Te terms (i) anterior or ven-
tral and (ii) posterior or dorsal are used interchangeably. 
 Te nervous system consists of all the nerve tissue 

in the body and is comprised of two parts i.e. the brain 
and spinal cord that form the  central nervous system 

(CNS) and the  PNS with its sympathetic and parasympa-
thetic divisions consisting of nerves, ganglia, and recep-
tors (Ross et al 1985). Spinal nerves are part of the PNS 
(Moore et al 2018).
 Te overall divisions of the nervous system can be clas-

sified as shown in Figure 2.1. 
In this text, the emphasis is on the human nervous sys-

tem with regard to the lumbosacral spine and its involve-
ment in low back pain syndromes. 

NERVOUS SYSTEM 

CENTRAL NS PERIPHERAL NS 

AUTONOMIC NS 
(INVOLUNTARY 
CONTROL) 

Regulates involuntary 
physiological processes, 
eg. heart rate, blood 
pressure, respiration 
(Waxenbaum et al 2021). 

SOMATIC NS 
(UNDER VOLUNTARY 
CONTROL) 

Controls body 
movements via the use of 
skeletal muscles 
(Akinrodoye et al 2021). 

SYMPATHETIC NS 

Prepares the body for physical 
activity, a whole body reaction 
affecting many organ systems 
throughout the body and 
governs the ‘fight or flight’ 
response (Alshak et al 2021;
 McCorry 2007). 

PARASYMPATHETIC NS 

Promotes vegetative functions 
of the body at rest ie. ‘rest and 
digest’ response (Alshak et al 
2021).

  FIGURE 2.1  Schematic chart summarizing the divisions of the nervous system. 

Anatomy of the Spinal Cord, Spinal
Nerves, and Cauda Equina

 Spinal Cord
 Te spinal cord is an extension of the CNS from the 

brain (AANS 2020), and it begins at the superior border
of the first cervical vertebra and extends to the upper 
border of the second lumbar vertebra as an elongated
cylindrical mass of nerve tissue that occupies the upper
two-thirds of the vertebral canal and is usually 42–45 
cm in length in adults (Chusid 1985).
 Te spinal cord divides into 31 segments: cervical 8, 

thoracic 12, lumbar 5, sacral 5, and coccygeal 1—these 
segments consist of 31 pairs of  spinal nerves, with their 
respective spinal root ganglia located on the posterior 
root of each spinal nerve, composed of the unipolar nerve
cell bodies of the sensory neurons—also called sensory 
ganglion (Dorland’s Illustrated Medical Dictionary 

1994). Neurons are the structural and functional units 
of the nervous system specialized for rapid communica-
tion and are composed of a cell body with long processes
(extensions) called dendrites and an axon, which carry 
impulses to and away from the cell body, respectively, 
with some axons being myelinated (Moore et al 2018). 
(See Definitions for neuron fi gures).
 Te cord has two signifi cant enlargements i.e. at the  

cervical and lumbar regions for the  brachial and lumbo-
sacral plexuses, to innervate the upper and lower limbs,
respectively; the cervical one is present between C3 and 
T1, and the lumbar one is present between L1 and S2 
( Dafny 2020 ). Te cord is a structure of nervous tissue 
composed of white matter consisting of various ascending
and descending tracts of myelinated axon fibres and grey 
matter composed of cell bodies (Dawodu 2018). T is grey 
matter is made up of two symmetric halves joined across 
the midline by a transverse connection i.e. the anterior and 



    

 
  

         

   

 

   
       

 

    
 
 

   
     

  

   
 

    
   

 

 
 

  
       

16 

posterior grey commissures, through which runs the min-
ute central canal (Chusid 1985) (Figure 2.2) that is con-
tinuous with the fourth ventricle in the brain and contains 
Original proof correctly showed the wording ‘cerebrospi-
nal fluid (CSF)’ CSF (Ganapathy et al 2020), an ultrafi ltrate
of plasma providing a constant source of nutrients for the
regulation of neuronal functioning and removal of waste 
products of neuronal metabolism (May et al 2019).
A schematic diagram (Figure 2.2) shows the  posterior 

median sulcus, and the  posterolateral sulcus on either 

Mechanical Lumbosacral Spine Pain 

side of it, to which the posterior nerve  rootlets are 
attached; the anterior nerve  rootlets exit bilaterally at the 
anterolateral sulcus. 
As this diagram does not show the  three membranes 

surrounding the spinal cord, a histological section from 
a cadaveric thoracic spine, photographed using darkfi eld 
microscopy to illustrate these membranes, as well as the 
white and grey regions, including the ‘H’-shaped internal
mass of grey substance between  T1 and L2 ( Ganapathy et 
al 2020), is shown in Figure 2.3. 

  FIGURE 2.2 Diagram of an upper lumbar spinal cord segment showing mode of formation of a typical spinal
nerve and the gross relationships of the grey and white matter. Note the posterior nerve rootlets that exit at the pos-
terolateral sulcus, while the anterior nerve rootlets exit at the anterolateral sulcus. Te anterior and posterior nerve 
roots join to form the  mixed spinal nerve. 

Source: Modified from Blaus B, https://commons.wikimedia.org/wiki/File:Spinal_Cord_Sectional_Anatomy.png. 

  FIGURE 2.3  A 200-μm-thick axial view histological darkfield photomicrograph through the thoracic spinal cord 
of a 40-year-old male. AGC and PGC = anterior and posterior grey commissures; ALS = anterolateral sulcus to which 
anterior nerve rootlets (ANR) are attached; AMF = anterior median fissure that is usually about 3 mm deep and 

https://commons.wikimedia.org


 

    

    
 

 

 

  

  
  

  
 

 

 

     
 

   
 

 
   

   
     

     
    

   
     

    
       

     

 
 

 
    

 
   

 

 
  

       
  

  

17 Summary of the Lumbosacral Spine 

FIGURE 2.3 (Continued)
contains a double fold of pia mater and a groove for the anterior spinal artery; D = dura mater of the dural tube with
associated arachnoid mater (A); P = pia mater that closely covers the spinal cord; DL = denticulate ligament; E = epi-
dural fat space that surrounds the spinal cord; LF = ligamentum flavum posterolaterally; PLS = posterolateral sulcus,
a vertical furrow to which posterior nerve rootlets (PNR) are attached; PMS = posterior median sulcus (usually 4 to 6 
mm deep); S = subarachnoid space that contains the CSF, which surrounds the pia mater of the spinal cord; 1 = ante-
rior column (horn) of grey matter; 2 = lateral column of grey matter (lateral horn) that consists of the  cell bodies of the 
presynaptic neurons of the  sympathetic nervous system and is found in the thoracic and upper lumbar regions (T1-L2
or L3) (Moore et al 2018) and is the central element of the sympathetic division of the autonomic nervous system; 3 = 
posterior column of grey matter. Te funiculi: 4 = posterior funiculus, 5 = lateral funiculus, 6 = anterior funiculus—
the funiculi are mostly made up of glial cells and myelinated axons. 

 Te CSF is found in the ventricles of the brain, in the 
cisterns around the outside of the brain, and in the sub-
arachnoid space around both the brain and the  spinal 
cord (Hall et al 2020). Te, spinal cord serves as a conduit
for the ascending and descending fibre tracts that relay 
information from the spinal and peripheral nerves to the 
brain, and it is immersed in CSF (Dawodu 2018).
A diagrammatic axial view of the spinal cord to illus-

trate the overall approximate location of the motor 
and descending (efferent) pathways and the sensory 

and ascending (afferent) pathways of the spinal cord 
is shown in Figure 2.4. ( Efferent nerve fibres convey 
motor impulses away from the CNS toward the periph-
ery, classified according to function as  somatic effer-
ent and  visceral efferent neurofibres) ( Dorland’s 1994). 
Afferent nerve fibres convey sensory impulses from the 
periphery to the CNS, classified according to function 
as somatic afferent and visceral afferent neurofibres 
(Dorland’s 1994 ). 

  FIGURE 2.4  Schematic axial overall view of the spinal cord illustrating the  descending and  ascending pathways. 

Source: Reproduced with permission from Polarlys and Mikael Häggström, CC BY-SA 3.0  https://commons.wiki-
media.org/wiki/File:Spinal_cord_tracts_-_English.svg  < https://creativecommons.org/licenses/by-sa/3.0 >, via 
Wikimedia Commons. 

Typically, there are two routes for signal transmis- that carries the sensory modalities of fine touch, pro-
sions to be conducted i.e. (i)  ascending pathway (carrying prioception, and  vibration, and (ii) the spinothalamic 
sensory information from the body via the spinal cord tract that is responsible for relaying signals concerning 
to the brain) and (ii) descending pathway (where nerves the perception of pain, temperature, crude touch, and 
go downward from the brain to the reflex organs via the pressure from the skin to the somatosensory area of the 
spinal cord) (Yam et al 2018). thalamus (Al-Chalabi et al 2021) are shown in Figure 2.5 . 
Ascending pathways that are involved with, for exam-  Te sensation of pain is associated with the activation 

ple (i) the posterior column medial-lemniscal pathway of the receptors in the primary aff erent fibres, which is 

https://commons.wikimedia.org
https://commons.wikimedia.org
https://creativecommons.org


  

    

   

  
  

   
     

 
   

 

 
 

 
   

    
 
 

    
  

    
   

   

18 Mechanical Lumbosacral Spine Pain 

inclusive of the unmyelinated C-fibre and myelinated 
A-delta fibre; both nociceptors remain silent during
homeostasis in the absence of pain and are activated when 
there is a potential of noxious stimuli (Yam et al 2018).
 Tus, the spinal cord (i) carries sensory information 

(sensations) from the body, and some from the head, to
the CNS via  aff erent fibres (i.e. toward the brain), and it 
performs the initial processing of this information, (ii) 
has  motor neurons in the anterior column that project 
their axons into the periphery to innervate skeletal and 
smooth muscles that mediate voluntary and involuntary
reflexes, and (iii) contains neurons whose descending 

axons mediate autonomic control for most of the visceral 
functions ( Dafny 2020 ). 
 Te spinal cord is sheathed in the same three menin-

ges as is the brain: the pia, arachnoid, and dura as shown in
Figure 2.3, the latter being the tough outer sheath beneath
which the arachnoid lies, while the pia closely adheres to
the surface of the cord that is attached to the dura by a 
series of lateral denticulate ligaments emanating from the
pial folds and allow the cord to ‘float’ in the spinal canal 
( Dafny 2020 ). T e pia, which is delicate and highly vascu-
lar (Adeeb et al 2013), extends over the exiting spinal nerve
roots and blends with their epineurium (Sinnatamby 2011). 

  FIGURE 2.5  Ascending pathways of the dorsal (posterior) column system and the spinothalamic tract. 

Source: Reproduced with permission from Anatomy and Physiology, Connexions Web site. https://open.oregon-
state.education/aandp/chapter/14-5-sensory-and-motor-pathways/, Jun 19, 2013, OpenStax College, CC BY 3.0 
<https://creativecommons.org/licenses/by/3.0>, via Wikimedia Commons. 

https://open.oregonstate.education
https://open.oregonstate.education
https://creativecommons.org


 

  
   

  

     
  

 

     
   

 
   

 
 
 

  
   

  
   

 
   

  
 

 
 

 
 
 

 
 

 
   
 

 
 

 

 
  

   

  

 
 
 

    

 
  

  

      
  

   
   

19 Summary of the Lumbosacral Spine 

 T e dentate ligaments (Figure 2.3), which are extensions 
of the pia mater, are fl at, fibrous sheets situated on each 
side of the spinal cord between the anterior and posterior 
spinal roots ( Epstein 1966;  Moini et al 2020) and extend 
laterally through the arachnoid, usually in a series of 21 
triangular folds that insert into the dura mater—the fi rst 
dentate ligament is at the level of the foramen magnum
and the first cervical root, and the last merges with the pia
mater surrounding the filum terminale ( Epstein 1966). It 
is widely believed that the main function of dentate liga-
ments is to stabilize and protect the spinal cord in its pro-
tective cylinder of CSF within the vertebral canal (Sutton 
1973; Ceylan et al 2012), and they are especially concerned
with the transmission of biomechanical forces i.e. the uni-
form distribution of physiological tensile forces over the 
length and cross-section of the spinal cord (Breig 1960).

 Spinal Nerves
Spinal nerves arise from the spinal cord as anterior and 

posterior  rootlets that converge to form two nerve roots 
i.e. the  anterior nerve root, consisting of motor (eff er-
ent) fibres passing from nerve cell bodies in the anterior 
horn of spinal cord grey matter to effector organs located 
peripherally, and a  posterior nerve root, consisting of sen-
sory (aff erent) fibres from cell bodies in the  spinal root 
ganglion that extend peripherally to sensory endings and 
centrally to the posterior horn of spinal cord grey matter; 

the posterior and anterior nerve roots unite, within or just 
proximal to the intervertebral foramen, to form a mixed 
(motor and sensory)  spinal nerve, which immediately 
divides into two rami (branches) i.e. a  posterior ramus 
and an anterior ramus that carry both motor and sensory 
fibres, as do all their subsequent branches ( Moore et al 
2018 ). Te extension of the subarachnoid space is contin-
ued along the nerve roots, usually as far as the ganglion, 
occasionally involving its inner pole but never to envelop 
it completely; the dural layer is continued along the nerve 
roots for a short distance before finally blending with the 
anterior root and the ganglion to form an outer fi brous 
sheath for these structures, and this connective tissue is 
continued outwards to become the strong  perineurial 
sheath of the single bundle of nerve fibres of the spinal 
nerve formed by the fusion of the two roots ( Sunderland 
1975). Te somewhat condensed layer of  epidural tissue 
on the surface of the dura is continuous with the epi-
neurium of the spinal nerve, and the formation of this 
perineurial-epineurial sheath adds to the thickness of the 
spinal nerve ( Sunderland 1975 ). 
Figure 2.6  shows the nerve complex and its menin-

geal coverings that occupy about 1/6 to 1/4 of the fora-
men and which are surrounded by a generous reserve
cushion space containing blood vessels, lymphatics, fat,
and areolar tissue in the normal intervertebral foramen 
( Hadley 1950 ). 

  FIGURE 2.6  Te nerve complex and its meningeal coverings in the intervertebral foramen, although the arrange-
ment is not to scale and has been drawn to accentuate relative relationships (Sunderland 1975). Te pia mater covering 
the neural structures is not shown. Te neural structures are surrounded by epidural fat. 

Source: Reproduced with permission from Sunderland S 1975 Anatomical perivertebral influences on the interver-
tebral foramen. In: Goldstein M (ed) Te research status of spinal manipulative therapy. US Department of Health, 
Education, and Welfare, Public Health Service, National Institutes of Health, National Institute of Neurological
and Communicative Disorders and Stroke, Bethesda, Maryland. NINCDS Monograph No 15, p. 129–140. 

 Te spinal nerve root ganglion is covered by the  dural outermost covering of the nerve includes fatty tissue, 
sleeve consisting of pia mater, arachnoid mater, and dura blood vessels, and  lymphatics (Moore et al 2018). 
mater that terminate at the beginning of the spinal nerve  Te anterior and posterior roots receive innervation 
where the dural sleeve blends with the epineurium of the from the nervi nervorum, and they are sensitive to stretch-
spinal nerve ( Bogduk 1997). Te epineurium forming the ing and pressure on the nerve (Gharries 2018). T e nervi 



  
   

     
   

  

  

 
   

   
 

  
 

   
  

    
     

   

    
  

  

     
  

 
 

  
   
    

 
 
 
 

 
  

 
    

  
    

20 Mechanical Lumbosacral Spine Pain 

  FIGURE 2.7  Organization and ensheathment of peripheral myelinated nerve fi bres. Te nerves are comprised of 
bundles of nerve fibres, layers of connective tissue, and blood vessels (vasa nervorum). 

Source: Reproduced with permission from Carrera A, Lopez AM, Sala-Blanch X et al 2020 Functional Regional
Anesthesia Anatomy, New York School of Regional Anesthesia (NYSORA) www.nysora.com/foundations-of-
regional-anesthesia/anatomy/functional-regional-anesthesia-anatomy/. Lettering modifi ed. 

nervorum (small nerve filaments innervating the epineu- they divide into anterior and posterior rami ( Berry et 
rium (sheath) of a larger nerve) are located on the outside al 1995 ), and the anterior ramus gives off recurrent 
of the epineurium and innervate and regulate the func- meningeal branches ( von Luschka 1850 ) ( Figure 2.8A ). 
tion and discharge of sensory, motor, or mixed-modality Since the German anatomist Hubert von Luschka fi rst 
nerves (Lam et al 2020). In addition, mild compression of described the  sinuvertebral nerve in 1850 as being a 
the vasa nervorum (small blood vessels that provide the nerve that originates from the anterior ramus of the  spi-
blood supply to peripheral myelinated nerves ( Figure 2.7 ) nal nerve that re-enters the spinal canal via the inter-
would fi rst affect venous outflow with potential stasis and vertebral foramina to innervate multiple meningeal and 
accumulation of toxin at the affected part of the nerve non-meningeal structures ( Shayota et al 2019 )—for 
(Lam et al 2020). example, posterior longitudinal ligament, ligamentum 
Figure 2.7  shows the anatomy of a peripheral myelin- fl avum, the anterior dura mater, epidural fat tissue, and 

ated nerve fi bre. veins and the walls of blood vessels that supply the ver-
 T e spinal nerve contains motor, sensory, and auto- tebral bodies ( Haldeman 1980 ), it has acquired many 

nomic nerve fibres (Ganapathy et al 2020) passing to and other names. Tese include (i) the recurrent nerve of 
from all parts of the body, and each spinal cord segment Luschka, (ii) recurrent meningeal nerve, and (iii) men-
innervates a  dermatome ( Dafny 2020 ). ingeal branch of the spinal nerve ( Shayota et al 2019 ). 
Immediately distal to the spinal root ganglion where In this text, the term recurrent meningeal nerve will be 

the anterior and posterior roots unite to form the  spi- used to describe these nerves that supply both proprio-
nal nerve that emerges through intervertebral foramen, ceptive fibres (receiving stimuli within the tissues of the 

http://www.nysora.com
http://www.nysora.com


 

   
 
 
 

  

 
 

  
 
 
 
 

          
 

  
 
 
 
 

  
  

  

 

 

  

 
    

 

 
 

     

 
 

 
    

 

 

 

  
   

    

 
 

 

 
   

  
   

  
 

   
 

        

21 Summary of the Lumbosacral Spine 

body, as within muscles and tendons ( Dorland 1994 )) patients, but it can go as far as the nucleus pulposus in 
and nociceptive fibres, and the nerve can be traced as far degenerative discs and has been implicated in  discogenic 
as the outer three layers of the IVD lamellae in healthy pain ( Shayota et al 2019 ). 

  FIGURE 2.8  (A) An axial view schematic diagram show-
ing the recurrent meningeal nerve (sinuvertebral nerve),
coloured grey, and its associated structures. 1 = anterior 
nerve root; 2 = posterior nerve root; 3 = posterior root
spinal ganglion; 4 = main trunk of spinal nerve; 5 = recur-
rent meningeal nerve (coloured grey) with branches carry-
ing sympathetic fibres to the dural tube and the posterior 
longitudinal ligament, respectively; 6 = autonomic (sym-
pathetic) branch to the recurrent meningeal nerve; 7 =  grey 
ramus communicans (multilevel irregular lumbosacral dis-
tribution); 8 =  white ramus communicans (myelinated)— 
not found above T1 or below L2–3–4; 9 = anterior ramus 
of spinal nerve; 10 = posterior ramus of spinal nerve; AF =
annulus fi brosus; F = facet; LF = ligamentum fl avum; PLL
= posterior longitudinal ligament; NP = nucleus pulposus. 

 Te rami communicans (or communicantes) connect the 
spinal nerves with the sympathetic trunk ( Rickenbacher et
al 1985) ( Figures 2.8A ). Tus, at or distal to its origin, each 
anterior spinal ramus receives a  grey ramus communicans
from the corresponding sympathetic ganglion, while the 
thoracic and first and second lumbar, (and sometimes 
third lumbar) anterior spinal rami, each contribute a  white 
ramus communicans to the corresponding paravertebral 
ganglia ( Berry et al 1995 );  grey rami communicantes , pass-
ing from all ganglia to the lumbar spinal nerves, are long 
and accompany the lumbar arteries around the sides of the 
vertebral bodies, medial to the fibrous arches to which the 
psoas major muscle is attached ( Berry et al 1995 ). 
A coronal view mid-pedicle cut across the lumbar spine is

shown in Figure 2.8B  to illustrate the extensive distribution 
of the recurrent meningeal nerve and some of its branches.

 Cauda Equina
 Te lumbosacral enlargement extends from T11 

through S1 segments of the spinal cord, inferior to  

  FIGURE 2.8 (B) T e recurrent meningeal nerve (R) 
gives rise to several branches: R1 = ascending branch,
which goes intraosseous and gives rise to the  basiver-
tebral nerve (R4) near the pedicle. (T e basivertebral 
nerve is a paired nerve believed to play an important 
role in endplate pain nociceptive transmission). R2 =  
descending branch supplying the adjacent posterior 
longitudinal ligament (not seen) and the disc; R3 = 
direct branches to the IVD. PSG = paraspinal sympa-
thetic ganglion; P = pedicle; PRG = posterior root gan-
glion. Te recurrent meningeal nerve is both somatic 
and sympathetic. 

Source : Reproduced with permission from Kim HS,  
Wu PH, Jang I-T 2020 Lumbar degenerative disease 
Part 1: Anatomy and pathophysiology of interverte-
bral discogenic pain and radiofrequency ablation of  
basivertebral and sinuvertebral nerve treatment for 
chronic discogenic back pain: A prospective case series
and review of literature. Int. J. Mol. Sci 21(4): 1483. 
License granted  http://creativecommons.org/licenses/
by/4.0/; Medart. Lettering modifi ed. 

which the cord continues to diminish as the  conus 
medullaris (Moore et al 2018) (Figure 2.9). Nerve roots 
descend within the spinal canal as individual rootlets, 
collectively termed the  cauda equina (Jones et al 2021(a) 
(Figure 2.9). Inferior to the conus medullaris, a strand 
of fibrous tissue called the filum terminale extends to 
the coccyx (Jones et al 2021(a)) (Figure 2.10) initially as 
the filum terminale  internum while it is within the dural 
tube (sac), beyond which it becomes the fi lum terminale 
externum (Newell 2008 ). 

http://creativecommons.org
http://creativecommons.org


       
 

 
   

      
 

22 Mechanical Lumbosacral Spine Pain 

  FIGURE 2.9  (A) T e superficial anatomy and orientation of the adult spinal cord. Te numbers to the left identify
the spinal nerves and indicate where the nerve roots leave the vertebral canal. Te spinal cord extends from the brain 
only to the level of vertebrae L1–2;  (B) Lateral view of vertebrae and spinal cord. Note that the sacral spinal cord seg-
ments are [approximately] level with the T12-L1 vertebrae.  (C) Te spinal segments found at representative locations 
are indicated in the transverse sections and show the arrangement of grey matter and white matter. 

Source: Reproduced with permission from www.seekpng.com/ipng/u2w7w7i1e6u2q8r5_nerves-of-the-spine-
png-spinal-cord/ . 

http://www.seekpng.com
http://www.seekpng.com


 

   

 
 
 
 
 

 
 

  

 
  

  
  

 

 
 

   

 

     
  

 
 

 

 

   
  

    

 
   

 
 

    
   

  
  

 
    

 
   

23 Summary of the Lumbosacral Spine 

  FIGURE 2.10 Schematic diagram showing exposed 
spinal and sacral canals with the nerve roots of the cauda 
equina in the subarachnoid space. On the posterior and 
anterior surfaces of the sacrum are four pairs of sacral 
foramina for the exit of anterior and posterior rami of 
the spinal nerves. 

Source: Reproduced with permission from Mr  
Arifnajafov, https://commons.wikimedia.org/wiki/File:
Onur%C4%9Fa_beyni_at_quyru%C4%9Fu.jpg;  https://
creativecommons.org/licenses/by-sa/4.0/ . Lettering
modifi ed. 

In a large study of adults who had no spinal deformity 
and who underwent MR imaging in the supine position, 
it was found that the  conus medullaris can extend to the 
lower third of the L2–3 disc space both in women and 
men ( Karabulut et al 2016 ). 
 Te cauda equina nerve roots are immersed in CSF, 

as is part of the filum i.e. the filum terminale  internum 
that extends to the termination of the dural tube/thecal 
sac that usually ends at the S2 level but can range from 
the L5-S1 IVD level to the upper third of the S3 verte-
bra ( Binokay et al 2006 ). T e filum terminale continues 
as the filum terminal  externum outside the dural tube 
to anchor to the coccyx posteriorly ( DeSai et al 2020 ) 
to give longitudinal support to the cord (Jones et al 
2021(a)).
 Te collection of cauda equina nerves in the lumbosa-

cral vertebral column that extends from the spinal cord
provides sensory innervation to the perineal or saddle  
area (S2-S3), motor innervation to the anal and ure-
thral sphincters, and  parasympathetic innervation to 
the bladder and lower bowel (Dawodu 2018;  Goodman 
2018 ).
See colour plate Figure 2.11 that illustrates the exten-

sive neurovascular anatomy of the lumbar and sacral 
regions of the spinal cord. 

  FIGURE 2.11 Neurovascular anatomy of the lumbosa-
cral region of the spinal cord. 1 = posterior internal verte-
bral venous plexus; 2 = spinal dura mater and arachnoid 
mater; 3 = posterior spinal artery and vein; 4 = sympathetic
trunk; 5 = lumbar sympathetic ganglion; 6 = cauda equina;
7 = third lumbar spinal ganglion and pedicle of L4 vertebra;
8 = posterior median longitudinal spinal vein; 9 = fi rst sacral
nerve and dural sac termination; 10 = sacral auricular sur-
face for articulating with the ilium; 11 = third sacral nerve;
12 = fifth sacral nerve; 13 = pleura; 14 = lumbar part of dia-
phragm; 15 = twelfth thoracic nerve; 16 = pedicle of L1 ver-
tebra and first lumbar ganglion; 17 = iliohypogastric nerve;
18 = ilioinguinal nerve; 19 = psoas major muscle; 20 = fem-
oral nerve; 21 = obturator nerve; 22 = second sacral nerve; 
23 = fourth sacral nerve; 24 = filum terminale externum; 
25 = coccyx. 

Source: Part of a colour plate by Professor Paul Peck. 
Modified and reproduced from Atlas of Normal 
Anatomy, Medical Student Edition, Lumbar and Sacral
Regions of the Spinal Cord, Plate 48, 1956. Lederle 
Laboratories, American Cyanamid International, 
Pearl River, N.Y. © 1974. 

https://commons.wikimedia.org
https://creativecommons.org
https://creativecommons.org
https://commons.wikimedia.org


  
 

 

  
     

    
    

       
  

 
 

 
    

       

  
 

 
 

   
  

 
   

   
 

 
 
 
 
 
 
 

   
 

      

    
 

24 Mechanical Lumbosacral Spine Pain 

Arteries and Veins of the Spinal
Cord and Cauda Equina

 Te arteries supplying the spinal cord are branches of 
the vertebral, ascending cervical, deep cervical, intercos-
tal, lumbar, and lateral sacral arteries ( Moore et al 2018 ), 
depending on the region of the spine. 

 Spinal Cord
Basically, the main blood supply to the spinal cord is via 

the  anterior single spinal artery and the  two posterior spi-
nal arteries (Gofur et al 2020) providing the spinal cord 
with an adequate blood supply and anastomoses, and the 
lumbar and  cervical enlargements have additional blood 
flow; the anterior spinal artery supplies the anterior area
of the spinal cord, while the pair of posterior spinal arter-
ies supply the posterior one-third of the cord (Ganapathy 
et al 2020). A schematic diagram providing an outline 
of the arterial blood supply to—and venous drainage 
from—the spinal cord is shown in  Figure 2.12 followed 
by a more detailed figure (Figure 2.13). 

 Te spinal cord drains via the  anterior and  poste-
rior spinal veins, one each in the anterior and posterior 
median fissures and four others, often incomplete, one 
pair being posterior, the other anterior to the anterior 
and posterior nerve roots (Berry et al 1995). T e veins, 
in turn, drain into the  internal venous plexus located in 
the  epidural space, and these veins eventually empty into 
the  external vertebral venous plexus via the  basivertebral 
veins (Gofur et al 2020).
 Te extensive vascular plexuses surrounding the spi-

nal cord protect it from circulatory insuffi  ciency, and it 
is important to note (i) the segmental arteries supplying
the cord and the high compensatory capacity of the pial
vascular plexus covering the surface of the spinal cord, 
(ii) the importance of CSF in supplying nutrients to the 
spinal cord, and (iii) that the intradural nerve tissues, 
spinal cord, and nerve roots are devoid of lymphatic 
vessels but are immersed in the CSF (Yoshizawa 2002).
 Te important association between the arterial supply 

and venous drainage of the spinal cord and spinal nerve 
roots is shown schematically in Figure 2.13. 

  FIGURE 2.12 A schematic diagram of the arterial blood supply to—and venous drainage from—the spinal cord 
showing half the arterial and venous circulation for each side of the spinal cord, using a thoracic spine section as an 
example. 



 

   

  
    

      

   

 
 

     
  

  
       

 
  

 
 

 
      

  

  
 

   
  

  
   

 

   

    
   

 
  

 

     
       

 
 

   

25 Summary of the Lumbosacral Spine 

  FIGURE 2.13  Arterial supply and venous drainage of spinal cord and spinal nerve roots:  (A) Te basic pattern of 
the arterial supply of the spinal cord is from three longitudinal arteries: one anterior lying in the anteromedian fi s-
sure and the other two lying posterolaterally, and these vessels are reinforced by medullary branches derived from the 
segmental arteries. Most proximal spinal nerves and roots are accompanied by radicular arteries. (B) Te veins that
drain the spinal cord, as well as internal vertebral venous plexuses, drain into the intervertebral veins, which in turn 
drain into segmental veins. 

Source: Modified and reproduced from Hasan S, Arain A. 2021 Neuroanatomy, Spinal Cord Arteries. [Updated 
2021 Aug 22]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; Available from:  www.ncbi. 
nlm.nih.gov/books/NBK539889/ (http://creativecommons.org/licenses/by/4.0).

 Cauda Equina Peripheral Nervous System 
 Te cauda equina spinal nerve roots have a corre- and Its Sympathetic and Para-

sponding medullary artery (Berg et al 2020).  Rydevik  Sympathetic Divisions (1993) describes the nerve roots as having a vascular 
supply that comes from both peripheral and central  Te PNS is a complex system of nerves that branch off 
sources and references the work of Crock et al (1976), from the spinal cord as nerve roots and travel outside the 
Parke et al (1985), and Olmarker (1991) in this regard. spinal canal to the upper extremities, the muscles of the 
Essentially, each nerve root is supplied by the radicular trunk, to the lower extremities, and to the organs of the 
artery arising from the corresponding lumbar, medial body; it is by way of the PNS that nerve impulses travel 
and lateral sacral, or iliolumbar artery ( Namba 2016). to and from the CNS, facilitating nerve signals between 
T e filum terminale is supplied by the artery of the fi lum specific locations in the body and the CNS (AANS 2020). 
that is a direct extension of the anterior spinal artery  T e autonomic nervous system (ANS), a division of the 
(Namba 2016 ). PNS that is distributed to the smooth muscle and glands
 Te right and left posterolateral longitudinal arterial throughout the body, is entirely a motor (eff erent) system; 

trunks of the spinal cord converge at the inferior point  it is highly integrated in structure and function with the 
of the conus medullaris, and the  posterior median longi- rest of the nervous system, and it helps maintain the con-
tudinal venous channel of the spinal cord is a large, long stancy of the internal environment of the body via its  sym-
vein that courses downward in company with radicles pathetic and  parasympathetic divisions (Chusid 1985). 
(rootlets) of the cauda equina (Crock et al 1977).  T e sympathetic and parasympathetic divisions, 
Apart from their arterial supply, all nerve roots derive respectively, are concerned with maintaining a stable 

some of their nutritional supply via diffusion from the internal environment below the level of conscious-
surrounding CSF (Rydevik et al 1990). ness; the  sympathetic nervous system predominates 

http://www.ncbi.nlm.nih.gov
http://creativecommons.org
http://www.ncbi.nlm.nih.gov


   
  

    
 

   

    

 
 
   

  
   

    

    
 
 

   
 

26 Mechanical Lumbosacral Spine Pain 

during emergency ‘fi ght-or-flight’ reactions and exercise, (IMLs) or nuclei of the spinal cord; the paired right and 
whereas the  parasympathetic system predominates dur- left IMLs are a part of the grey matter of the thoracic 
ing quiet resting conditions (McCorry 2007). (T1-T12) and the upper lumbar (L1-L2 or L3) segments
 Te cell bodies of the  presynaptic neurons of the  sym- of the spinal cord (Moore et al 2018). Figure 2.14 illus-

pathetic division of the ANS are found in only one loca- trates the location of paravertebral ganglia and the left 
tion i.e. in the lateral horn intermediolateral cell columns and right sympathetic trunks. 

  FIGURE 2.14 Ganglia of the sympathetic nervous system in relationship to the vertebral column. In the sympa-
thetic nervous system, cell bodies of postsynaptic neurons occur either in the  paravertebral ganglia of the sympa-
thetic trunks or in the prevertebral ganglia that occur mainly in relationship to the origins of the main branches of 
the abdominal aorta. Prevertebral ganglia are specifically involved in the innervation of abdominopelvic viscera. T e 
cell bodies of postsynaptic neurons distributed to the remainder of the body occur in the  paravertebral ganglia. 

Source: Reproduced with permission from Moore KL, et al, Clinically Oriented Anatomy, 8th Edn, © Wolters 
Kluwer, 2018. 



 

      

  
 
 
 
 

  
    

    

    
 
 
 

    

 

  
      
 

  
   

    
 

    
  

 
  

  
  

    
 

 

    
 
 

   
  

 
 

 

 
   

     
   

  
   

      
   

    
 

 
   

  
      

27 Summary of the Lumbosacral Spine 

Motor axons of presynaptic neurons leave the spinal
cord through anterior roots and enter the anterior rami 
of spinal nerves T1-L2 or L3 and, almost immediately
after entering, all the presynaptic sympathetic fi bres
leave the anterior rami of these spinal nerves and pass 
to the sympathetic trunks through white rami communi-
cates (communicating branches) (Moore et al 2018).
 Te cell bodies of postsynaptic neurons of the sympa-

thetic nervous system occur in two locations, the  para-
vertebral and  prevertebral ganglia (Figure 2.14) that are 
linked to form the right and left sympathetic trunks
(chains) on each side of the vertebral column and extend
essentially the length of this column from the superior 
paravertebral ganglion (the superior cervical ganglion of 
each sympathetic trunk) that lies at the base of the cra-
nium and continues inferiorly to where the two trunks 

unite as the  ganglion impar at the level of the coccyx 
(Moore et al 2018).
It should be noted that the thoracic sympathetic chain 

ganglia can be identified on precontrast 3D-CISS MR 
imaging (Chaudhry et al 2018).
Figure 2.15 illustrates part of the spinal cord and  

its relationship to the paravertebral and prevertebral 
ganglia.
 Te sympathetic efferents leave via anterior roots 

from levels T1 to L2, enter the spinal nerves, then form 
white rami communicantes (myelinated) to the paraver-
tebral ganglia of the sympathetic trunks (Figure 2.15) 
(Wilkinson 1986). Having synapsed, some re-join the 
spinal nerves by grey rami communicantes (non-myelin-
ated) as vasomotor, sudomotor, and pilomotor fi bres 
( Wilkinson 1986 ). 

  FIGURE 2.15 A schematic diagram showing sympathetic afferent and eff erent fibres; postganglionic eff erents are 
represented by dashed lines. LH = lateral horn. 

Figure 2.16A  illustrates how the  sympathetic division 
of the ANS arises from preganglionic cell bodies located 
in the IML of the 12 thoracic and upper lumbar segments
of the spinal cord (Chusid 1985).
 Te axons of these cells ( preganglionic fi bres) are mostly 

myelinated fibres that form the  white communicating 
rami of the thoracic and upper lumbar nerves, through 
which they reach the trunk ganglia of the sympathetic 
chain, lying on the lateral sides of the bodies of the tho-
racic and lumbar vertebrae, where they may synapse with
ganglion cells, or pass up or down the sympathetic trunk 
to synapse with ganglion cells at a higher or lower level, 
or pass through the trunk ganglia and out to one of the 
collateral, or intermediary, sympathetic ganglia (e.g. the 

celiac ganglion)—the  grey communicating rami join all of 
the spinal nerves ( Chusid 1985 ). 
 T e parasympathetic division of the ANS (Figure 2.16B) 

arises from preganglionic cell bodies in the grey mat-
ter of the brain stem via  cranial nerves III, VII, IX, and 
X (Chusid 1985 ;  Wilkinson 1986) and via the second to 
fourth sacral nerves (Wilkinson 1986) (pelvic splanchnic
nerves) (Moore et al 2018). Its distribution, in contrast to 
that of the sympathetics, is confined entirely to visceral 
structures, and most of its preganglionic neurons run with-
out interruption from their central origin to the wall of the
viscus they supply or to where they synapse with terminal 
ganglion cells associated with the plexuses of Meissner and
Auerbach in the intestinal tract (Chusid 1985). 
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  FIGURE 2.16A Te sympathetic (or thoracolumbar) division. 

Source: Reproduced with permission from Chusid JG 1985 Correlative neuroanatomy and functional neurology, 
19th edition, © McGraw Hill. 



 

  
  

     
  

 
 

  
     

  
    

  
  

     
 

    

    

     

29 Summary of the Lumbosacral Spine 

  FIGURE 2.16B Te parasympathetic (or craniosacral) division. 

Source: Reproduced with permission from Chusid JG 1985 Correlative neuroanatomy and functional neurology,
19th edition, © McGraw Hill. 

As a brief summary of this section, the  autonomic—or arc consequently comprises  two neurons, whereas that of 
visceral —reflex arcs with central connections in the CNS the  somatic reflex arc are comprised of  one neuron— the 
differ anatomically from the  somatic reflex arcs in that portion of either the autonomic or the somatic refl ex arc 
the  preganglionic eff erent components of the former make that is located within the CNS may be confined to a single 
synaptic connections with ganglion cells in the autonomic segment, or it may involve two or more segments; the  pre-
ganglia, whereas the efferent components of the latter ter- ganglionic component of the  autonomic reflex arc likewise 
minate in direct relation to effector organs ( Kuntz 1953 ) may make synaptic connections in one or more autonomic 
( Figure 2.17). T e efferent limb of the  autonomic refl ex ganglia ( Kuntz 1953 ). 



 

 

 

 

 

 
  

  
    

   

 
     
  

 

  
  

    

  
   

  
 

   

   
  

  

      
  

 
    

    
  

      
  

 
 

   

  
 
 
 

   

      

30 Mechanical Lumbosacral Spine Pain 

  FIGURE 2.17 Diagrammatic illustration of somatic (left) and visceral (right) refl ex arcs. 

Source: Reproduced with permission from Kuntz A, Te Autonomic Nervous System, 4th Edn. Lea and Febiger, 
Philadelphia, © Wolters Kluwer, 1953. 

Pain: Its Anatomical and Physiological 
Basis with Reference to the Low Back 

 General Introduction 
 Tis text is primarily concerned with the anatomical 

basis of pain generation in structures in the lumbosacral 
spine, so the general topic of the pathophysiology of pain 
will now be briefly considered. It is not within the scope 
of this text to consider the phenomenon of ‘behavioural 
pain’ that has been discussed at length in the literature 
( Fordyce 1976 ;  Crown 1980 ;  Wood 1980 ;  Keefe et al 
2007). Te following is an historical overview of knowl-
edge in the area of pain sensation over the years. 

 Pain Sensation 
 Te perception of pain is an unpleasant sensory and  

emotional experience associated with actual—or poten-
tial—tissue damage (Raja et al 2020); it is a complex expe-
rience (Willis 1985 ;  Wang et al 1987;  Editorial 2020) that 
normally occurs when tissue is damaged (Wall 1974).
Pain serves the purpose of preventing tissue damage and 
protecting the body while it is healing, but, under certain 
conditions, pain can become maladaptive and persist as 
chronic pain (Schug et al 2011).
While all pain is perceived ‘centrally’ in the cortex, it is 

a sensation that normally results from noxious stimula-
tion of peripheral nociceptive nerve endings by chemical 
or physical agents (e.g. pressure, tension, heat, and cold) 
( Sherrington 1906 ;  Keele 1967 ;  Monnier 1975 ;  Dubin et 
al 2010). Te particular nerve terminal that is consid-
ered to act as the pain receptor is the  free nerve ending 

(Haldeman 1980; Daube et al 1986); these endings are 
by far the most common of all the general sensory end 
organs (Arey 1965), with some of the free nerve end-
ings arising from small myelinated fibres ( Lipton 1978).
Painful stimuli are detected by nociceptors located in tis-
sues and organs (Schug et al 2011) that respond to abnor-
mal conditions by setting up impulse discharges that 
travel over specific or alternative afferent pathways to the
sensory cortex, where the activity evoked is interpreted 
as pain (Sunderland 1968).
 Tere are two distinct types of nociceptors (Schug et 

al 2011): 

• High threshold mechanoreceptors that stimulate 
small diameter  myelinated A-delta -fibres and trans-
mit a well-localized sharp or pricking sensation that 
lasts as long as the stimulus. (Tis is known as fast 
pain (Daube et al 1986)). 

• Polymodal nociceptors that stimulate small  unmy-
elinated slowly conducting C-fi bres. (T is slow pain
may outlast the actual stimulus (Daube et al 1986)). 
As well as responding to mechanical stimuli, these
receptors are activated by thermal and chemical
stimuli e.g. hydrogen ions, potassium ions, brady-
kinin, serotonin, adenosine triphosphate, and pros-
taglandins (Shug et al 2011). 

Noxious stimuli to the body, whether external or internal to
the body, create physical change that induces aff erent input
in the nervous system, with or without sensory experience
or behavioural response; a noxious stimulus is actually—or 



 

 
   

 
 

   

 
 

  
   

  
  

 

 

 
 

 

 

  

  
  

   
 

     
 

  
     

   
 

  
    

   
 

 

 
 

  
   

 
  

   

 
 

 
 

 
  

 

 
 

   

 

 

 

  

 
  

 
  

   
   

  
 

  
 

   
 
 

 
 

 
 

 
  

   
  

31 Summary of the Lumbosacral Spine 

potentially—damaging to tissue and liable to cause pain  
(Cervero et al 1996). Information regarding the damaging
impact of these stimuli on bodily tissues is transduced to
neural pathways and transmitted through the PNS to the 
CNS and to the ANS, respectively—this form of informa-
tion processing is known as nociception (Garland 2012). 
Somatic pain is pain that results from noxious stimula-
tion of one of the musculoskeletal components of the body
(Bogduk 1997), for example the vertebral column and 
peripheral nociceptive aff erent fibres (less than 5 micron in
diameter) transmit the sensation centripetally (Wyke 1979).
 Te small diameter of pain fibres presents practical 

difficulties in physiological research ( Iggo 1974 ) during 
microneurography, a technique involving the insertion of 
a microelectrode into a peripheral nerve to register axo-
nal electrical activity from individual neurons in awake, 
relaxed humans (Ackerley et al 2018 ). Te latter authors 
concluded that microneurography presents a technically 
demanding, yet insightful, approach for studying the 
function of individual C-fi bre afferent responses from 
nociceptors, thermoreceptors, and mechanoreceptors 
in humans. In addition, unmyelinated C-tactile aff erents
can be recorded in humans via microneurography; they
are highly sensitive mechanoreceptors, with low acti-
vation threshold, that show characteristic responses to
mechanical, thermal, electrical stimuli (Ackerley 2022).
Microneurography fits in well with exploring the human 
nervous system, although to attain single discrimination 
is a matter of trial and error, but it is possible to discrimi-
nate impulse trains in a single nerve fibre (Vallbo 2018 ). 

 Pain Mechanisms 
When there is a noxious stimulus, the nociception

mechanism undergoes three events— transduction (the 
process by which a sensory receptor converts a stimulus 
from the environment into an action potential for trans-
mission to the brain (Dorland’s 1994),  transmission (an 
impulse across a synaptic junction through the medium 
of a chemical substance (neurotransmitter) (Dorland’s
(1994), and modulation of the nociceptive signals i.e. the
process by which the body alters a pain signal as it is trans-
mitted along the pain pathway (Kirkpatrick et al 2015).
Nociceptors are widespread in the superfi cial layers 

of the skin as well as in certain internal tissues such as 
the periosteum, arterial walls, and joints, whereas most 
other deep tissues are sparsely supplied; nevertheless, any 
widespread tissue damage can still summate to cause the 
slow chronic (i.e. not acute) aching type of pain in most 
of these areas, and pain can be perceived with the activa-
tion of nociceptors by multiple stimuli classified as three 
main types i.e.  mechanical, thermal, and chemical stimuli 
( Guyton et al 2000 ;  Dubin et al 2010 ). Referred pain is 
pain that is felt in a part of the body remote from the tis-
sue in which the activated nociceptors are located, for 
example it may be initiated in one of the visceral organs 
for it to be referred to an area on the body surface ( Hall et 
al 2020 ) or to the back ( Beers et al 2006 ). 
Axons (nerve fibres) are the main component of a neuron

that functions to conduct action potentials in a unilateral 

direction from the dendrites to the axonal terminals, as  
well as from one neuron to another—axons can be myelin-
ated or unmyelinated, and the presence of a myelin sheath,
with its nodes of Ranvier, increases the propagation speed
of impulses as they travel along the myelinated fi bre via 
saltatory conduction (generation of action potential at each
node of Ranvier) and acts as an insulator to prevent electri-
cal impulses from leaving the axon during transmission; 
for unmyelinated fibres, the impulses move continuously
at a much slower pace (Yam et al 2018). 

Sensory Nerve Receptors 
 Te sensory system is the portion of the nervous sys-

tem responsible for processing input from the environ-
ment, and sensory nerves have different types of nerve 
fibres depending on their associated receptors ( Koop et 
al 2021). Te peripheral endings of the diff erent types of 
sensory fibres are differently located, are diff erentially 
sensitive to different forms of energy, and have diff erent 
properties such as adaptation, threshold, refractoriness, 
and after-discharge ( Bishop 1946 ). Non-neural elements 
associated with nerve fibre terminals, such as  encapsu-
lating cells, are the structures that must be deformed 
to excite the nerve endings (Burgess et al 1973 ). T ere 
are five basic types of sensory receptors: (i)  nociceptors
(detect damage occurring in the tissues, whether physical 
or chemical damage), (ii)  chemoreceptors (detect taste in 
the mouth, smell in the nose, oxygen level in the arterial 
blood, and other factors that make up the chemistry of 
the body), (iii)  thermoreceptors (detect changes in tem-
perature, some of which detect cold and others warmth), 
(iv) mechanoreceptors (detect mechanical compression 
or stretching of the receptor or of tissue adjacent to the 
receptor), and (v)  electromagnetic receptors (detect light
on the retina of the eye) ( Hall et al 2020 ). Receptors may 
show more than one form of behaviour, for example, both 
position and velocity detection ( Burgess et al 1973 ). 

Nerve Fibre Types and Pain Pathways 
 Nerve fi bres are classified in a number of ways ( Gasser 

et al 1927 ;  Lloyd 1943 ), but for practical purposes  Wang 
et al (1987 ) suggest that  primary aff erent fi bres be divided 
into two groups on the basis of  diff erent diameters and 
conduction velocities i.e.: (i) unmyelinated C-fi bres and 
small myelinated A-delta fibres, which transmit pain when
strongly stimulated ( Bishop 1946 ;  Lipton 1978 ;  Loeser 
1985) and (ii) large myelinated fibres, which give rise to
sensations of touch and pressure when stimulated ( Lipton
1978). Tese large myelinated fibres have a lower threshold
( Lipton 1978 ) but conduct rapidly and transmit impulses
from elaborate special receptors in the periphery; the small
unmyelinated fibres and the small myelinated fi bres con-
duct slowly and transmit impulses from less specialized
receptors in the periphery ( Schaumburg et al 1975 ).
Information relating to the nature, quality, and inten-

sity of the sensation is transmitted along individual fi bres 
as a pattern of activity or frequency code (Sunderland 
1968 ). Tis pattern is dependent, in part, on the velocity
of conduction in the particular fibre; it is also determined 
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by the time intervals between successive impulses and the 
total amplitude of the impulse discharge, which depends 
on the intensity of the stimulus (Sunderland 1968). 

Central Nervous System Connection 
Temporal summation is documented for dull, delayed 

C-fibre pain, which is different in quality and less accurately
projected than the fast, sharp pain from high threshold 
A-delta nociceptors ( Torebjork 1985). Most small aff erent 
fibres terminate in the more superficial laminae of the dorsal
horn and the nociceptive neurons in lamina I of the cord, 
which receive exclusively nociceptive inputs from myelin-
ated and unmyelinated afferents, and project, at least in part,
to the thalamic and brain stem regions (Iggo et al 1985).
It is suggested that there are two parallel C-fi bre 

primary afferent pathways carrying similar sensory 
information into different areas of the dorsal horn; the 
evidence supporting this hypothesis is largely derived 
from observations of the skin but may equally apply to 
joints, muscles, and viscera (Hunt et al 1985). T e cen-
tral events and pathology that may underlie chronic pain
states must take into account the diff erent contributions 

Mechanical Lumbosacral Spine Pain 

made by the peptide- and non-peptide-containing C-fi bre
sensory pathways in nociception (Hunt et al 1985). 

Blood Vessels and T eir Innervation 
 Briefly, blood circulates through the body via the vas-

cular tree that consists of arteries, veins, and capillary 
beds ( Rahman et al 2021 ). Most commonly, small arteries
open into muscular arterioles that branch into terminal 
arterioles forming the typical capillary bed arrangement 
of (i) terminal arterioles, (ii) metarterioles (i.e. precapil-
lary sphincter area), (iii) capillaries, and (iv) postcapillary 
venules ( Rhodin 1974 ;  Hall et al 2020 ). T e postcapillary 
venules are connected by collecting venules to the mus-
cular venules ( Rhodin 1974 ). An overall schematic dia-
gram of this arrangement is shown in  Figure 2.18 . 
Aside from capillaries, blood vessels are made up of 

three layers ( Tucker et al 2021). Arterial vessels have: 

• T e tunica externa [tunica adventitia] or outer 
layer that provides structural support and shape to 
the vessel. (Tis is composed of a substantial sheath 

  FIGURE 2.18 Schematic diagram of artery, aterioles, capillaries, venules, and veins that also shows cross-sectional 
area differences. Arterioles providing blood to the organs are chiefly composed of smooth muscle, and the autonomic 
nervous system influences the diameter and shape of the arterioles; capillaries are thin-walled vessels composed of 
a single endothelial layer that allows the exchange of nutrients and metabolites to occur by diff usion ( Tucker et al 
2021). Venules are the smallest veins and they receive blood from the capillaries; they also play a role in the exchange
of oxygen and nutrients for water products—there are post-capillary sphincters located between the capillaries and 
the thin-walled venules that then allow blood to flow into the larger veins, and one-way valves inside veins allow for 
blood flow toward the heart ( Tucker et al 2021). 

Source: Reproduced with permission from https://commons.wikimedia.org/wiki/File:Blood_vessels-en.svg, https://
creativecommons.org/licenses/by-sa/3.0/deed.en . 

https://commons.wikimedia.org
https://creativecommons.org
https://creativecommons.org
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of connective tissue, consisting primarily of collag-
enous fibres with some bands of elastic fi bres ( Betts 
et al 2019); within the connective tissue lie nerve 
fi bres and blood vessels i.e. the  vasa vasorum or 
‘blood vessels of blood vessels’ (DiFiore 1967)). 

• T e tunica media or a middle layer composed 
of elastic and muscular tissue that regulates the 
internal diameter of the vessel. (Tere are fi ne 
elastic fibres interspersed within the circular 
smooth muscle fibres ( DiFiore 1967 )). 

• T e tunica intima or an inner layer consisting of an
endothelial lining that provides a frictionless path-
way for the movement of blood. (Tis is composed 
of a smooth muscle layer that contains one layer of 
endothelial cells and the rest is smooth muscle and 
elastin (Mercadante et al 2021)). 

Within each layer, the amount of muscle and collagen 
fibrils varies, depending on the size and location of the 
vessel ( Tucker et al 2021).
A medium sized vein has a large lumen and a relatively 

thin wall comprised of the following layers (DiFiore 1967): 

• T e tunica externa [adventitia] composed of a wide 
layer of connective tissue. 

• T e tunica media composed of a thin layer of circu-
lar smooth muscle fi bres. 

• T e tunica intima composed of only the endothe-
lium; sometimes the tunica intima of a vein also has 
a thin layer of fine collagenous and elastic fi bres. 

Cross-sectional schematic and histological views to 
illustrate the anatomy of the arteries and veins are 
shown in Figure 2.19. 

  FIGURE 2.19 Cross sectional schematic and microscopic views of arteries and veins. 

Source: Reproduced with permission from OpenStax College, Anatomy and Physiology, Connexions Website.
 http://cnx.org/content/col11496/1.6 https://commons.wikimedia.org/wiki/File:2102_Comparison_of_Artery_and_
Vein.jpg  https://creativecommons.org/licenses/by/3.0/deed.en  including the micrograph provided by the Regents 
of the University of Michigan Medical School © 2012. 

http://cnx.org
https://creativecommons.org
https://commons.wikimedia.org
https://commons.wikimedia.org
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 Vascular Pain 
Naturally occurring biological substances have been 

implicated by  Sicuteri et al (1974) as producing pain in  
vascular disorders; these include bradykinin, 5-hydroxy-
tryptamine, potassium and adenosine triphosphate and 
are grouped under the term ‘vasoneuroactive substances’.

Postganglionic sympathetic nerve fibres are local-
ized to the adventitial-medial border of most arteries,  
arterioles, and veins throughout the body; venules and
capillaries, which lack smooth muscle, are not directly 
innervated by sympathetic nerves (T omas 2011). 
Nonetheless,  Rahman et al (2021) state that sympathetic 
fibres are also extensively distributed in the capillary 
sphincter, and  Rhodin (1974) found, near to the smooth 
muscle cells of the metarteriole (precapillary sphincter 
area), unmyelinated nerve fibres and denuded terminal 
axons with granular and agranular vesicles present.
 Tus, sympathetic nerve fibres carried in the recurrent 

meningeal nerve (Figure 2.8) are thought to innervate 
blood vessels (Shayota et al 2019). 

Neurotransmission in Sensory 
Nerves 
It is worth noting that immunohistochemical studies 

indicate that substance P is not confined to primary sen-
sory neurons (McGeer et al 1979); it is concentrated in cer-
tain neurons of the posterior root ganglia, basal ganglia, 
hypothalamus, and cerebral cortex (Schwartz 1981). It is  
present in 10–20% of spinal sensory neurons and is found
within synaptic vesicles in the central terminals of sensory
neurons located in laminae I and II of the posterior horn of
the grey matter in the spinal cord (Jessell 1982).
It is considered that the presence of substance P in nerve 

fibres indicates a probable nociceptive function in these 
fibres ( Henry 1982 ;  Liesi et al 1983 ). Substance P may be
involved in the mediation of mechanical nociception ( Salt 
et al 1982 ), and the probable involvement of substance 
P containing fibres in conveying nociceptive information 
is reinforced by immunohistochemical observations fol-
lowing the application of the chemical desensitizing agent 
capsaicin (8-methyl-N-vanillyl-6-noneamide) ( Cuello 
1984 ). Further direct evidence of the role of substance 
P in nociception has been presented by  Rossell (1982 ) 
who administered a substance P antagonist (D-Pro/2,D-
Trp/7,9)-SP intrathecally to conscious rats, which caused
hypoalgesia in the hot-plate test. According to Korkala 
et al (1985 ), substance P is known to participate in the 
sensory, especially nociceptive, transmission of neural 
impulses. Furthermore, in monkey spinal cords, sub-
stance P is present only in laminae of the dorsal horn 
which receive peripheral pain fibres ( Carpenter 1985 ). 
Although it is not possible to associate substance P with

certainty with any specific sensory modality ( McGeer et
al 1979 ), it is suggested that it is associated with input for 
pain ( Henry 1976 ;  Jessell et al 1977 ), and  Liesi et al (1983 ) 
suggest that it is involved in the primary pain transmis-
sion of low back pain. 

Mechanical Lumbosacral Spine Pain

 Tis brief review of the role of substance P in spinal 
pain mechanisms has relevance to the innervation of 
synovial folds in the zygapophysial joints of the lumbar 
spine as discussed in Chapter 4. 
Finally, radiating nerve root pain is likely to be based 

on structural changes in nerve fibres such as demyelin-
ation, including ischaemic factors (Rydevik 1993). 

Lumbosacral Spine Innervation 
 General Overview
 Te overall basic pattern of innervation of the lumbo-

sacral spine is briefly outlined in the schematic diagram 
shown in Figure 2.20. 

  FIGURE 2.20 Simplified schematic lateral view dia-
gram showing part of the lower lumbar (L3 to S1) spi-
nal innervation. 1 = anterior ramus of the spinal nerve, 
suppling the psoas major muscles (via anterior rami of 
L1 to L4 ( Siccardi et al 2021 )) and quadratus lumborum 
muscles (via anterior branches of T12 and L1-L4 nerves 
( Moore et al 2018 )); 2 = posterior ramus and its branches,
supplying the deep layers of the intrinsic back muscles,
although a few are also innervated by anterior rami (for 
example the intertransversarii and the quadratus lumbo-
rum muscles ( Moore et al 2018 )), and the zygapophysial 
joint capsule (ZJC); 3 = lateral branch of the posterior 
ramus suppling the iliocostalis lumborum muscles (via 
posterior rami) ( Nomizo et al 2005 ); 4 = medial branch of 
the posterior ramus supplying the upper (adjacent) and 



 

   
    

 

 

 
  

     

    

  
  

 

 

  

  

  
 

 

    
 

   

 
   

  
 

   
 

   
  

    
  

 

   
 

 
        

  
 

    

35 Summary of the Lumbosacral Spine 

FIGURE 2.20 (Continued)
lower ‘facet’ joints before providing branches to the mul-
tifidus muscles ( Saito et al 2013 ); RC = ramus communi-
cans (grey) at the L3 spinal nerve level between the spinal 
nerve and the sympathetic chain (S); IVD = intervertebral 
disc; SG = sympathetic ganglion as part of the sympathetic 
chain that extends from C1 to the ganglion impar ( Moore 
et al 2018 ); TVP = transverse process remains; arrows = 
mamillo-accessory ligaments that form an osseofi brous 
tunnel for the medial branch of the posterior ramus. 

Source : Modified and reproduced with permission 
from Giles LGF, Anatomical basis of low back pain. 
Baltimore, Williams and Wilkins, © Wolters Kluwer, 
1989). See  Saito et al (2013 ) for detailed anatomy of the 
posterior ramus of the lumbar spinal nerve . 

In order to provide a different perspective of the site of 
branching of a lumbar posterior ramus and its branches 
in the axial plane, see  Figure 2.21. 

  FIGURE 2.21 Diagram illustrating the site of branch-
ing (arrow) of a lumbar posterior ramus at the bottom of a 
tissue plane between the multifidus muscle (M) medially, 
and the longissimus thoracis muscle (LT) laterally. T e 
course of the medial branch (> 1 mm diameter) is also  
shown in relation to the zygapophysial joint. F = facet of 
zygapophysial joint; IL = iliocostalis lumborum muscle; 
PM = psoas major muscle; QL = quadratus lumborum
muscle. Te lateral branch (~1.5 mm diameter) terminal 
fibres are not shown. 

Source: Modified and reproduced with permission from
Sunderland S 1975 Anatomical perivertebral infl u-
ences on the intervertebral foramen. M Goldstein, 
Ed.  Te research status of spinal manipulative therapy. 
US Department of Health, Education, and Welfare, 

FIGURE 2.21 (Continued) 
Public Health Service, National Institutes of Health, 
National Institute of Neurological and Communicative 
Disorders and Stroke: Bethesda, Maryland 129–140. 
NINCDS Monograph No 15. Public Domain. 

 Usually, white and  grey communicating rami are found 
between the levels of C8 and L2, while only grey rami 
are present above and below that area (Groen et al 2000).
However, there is some ambiguity in the literature regard-
ing the lowest level of white rami communicantes as 
Wilkinson (1986) suggests L2,  Barr et al (1983) and  Berry 
et al (1995) suggest sometimes to L3,  Moore et al (2018) 
suggest L2 to L3, and  Chusid (1985) suggests sometimes 
to L4. Below the L2 level, each anterior ramus receives a 
grey ramus communicans from the corresponding sym-
pathetic ganglion (Kayalioglu 2008). Branches from the 
anterior rami of the S2-S4 spinal nerves join the pelvic 
plexus of the ANS (Kayalioglu 2008).
Figure 2.22A  shows that each zygapophysial joint 

receives innervation from at least two adjacent spinal lev-
els, in agreement with Sunderland (1975) who found that
fine branches from the rami of at least two spinal nerves 
supply each joint. Te posterior ramus nerve is responsi-
ble for transmitting pain generated in the facet joints, the 
periosteum of the posterior vertebral arch, the following 
ligaments: fl aval, posterior longitudinal, interspinous,
supraspinous, intertransverse (Figures 2.22B–D), as well 
as the superficial fascia and the deep muscles of the back 
(Gharries 2018 ). 



      

   
      

   

  

36 Mechanical Lumbosacral Spine Pain 

  FIGURE 2.22 (A) Schematic posterior view diagram showing part of the lower lumbar spine innervation. Spinal 
nerves: 2 = posterior ramus and its branches supplying the posterior spinal muscles and zygapophysial joints; 3 = 
lateral branch of the posterior ramus; 4 = medial branch of the posterior ramus with an adjacent zygapophysial joint 
capsule (ZJC) articular branch (arrow), and a descending articular branch to the ZJC one joint lower (tailed arrow); 
MA = mamillo-accessory ligament. (B) Anterior to posterior view showing some spinal ligaments, while further 
detail for the ligaments is illustrated in the lateral view (C), and in the posterior to anterior view (D). (Also see Figure 
2.33 that shows the ligamentous attachment of the lumbar spine to the sacrum.) 

Source: (A) Reproduced with permission from Giles LGF 1989 Anatomical basis of low back pain. Baltimore, 
Williams and Wilkins; (B, C, and D) Reproduced with permission from Shutterstock.com. 

http://Shutterstock.com
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  FIGURE 2.22  (Continued) 



  
 

  
 
 

   

 
  

  
  

 
 
 
 

 

 
 

   
 
 
 
 
 
 

   
 

  
 
 
 

    

 
   

 
 

 
    

 
 
 
 

  
  

   

 
   

  
 

   
 
 

   
  

  
   

  
 

 
  

   
  

 

 

     
 
 

   
    

  

 
 

 
  

  

 

  
     

   
  

  
 

 
   

 
    

38 Mechanical Lumbosacral Spine Pain 

 Briefly, ligaments are fibrous bands or sheets of con-
nective tissue linking two or more bones, cartilages, or 
structures together, to provide joint stability and move-
ment (Bridwell 2021 ). Tree of the more important
ligaments in the spine are the anterior and posterior
longitudinal ligaments and the ligamenta fl ava ( Bridwell
2021 ). T e anterior longitudinal ligament is attached to 
the basilar occipital bone rostrally, extends to the ante-
rior tubercle of the atlas (C1) as well as the front of the 
body of the axis (C2), then runs caudally to the anterior 
of the sacrum ( Bannister et al 1996 ; Jones et al 2021(b)). 
T e posterior longitudinal ligament rostrally is continu-
ous with the tectorial membrane (Jones et al 2021(b)) 
and runs inside the spinal canal to extend from the C2 
body to the sacrum ( Bridwell 2021 ). As it attaches to the
vertebral bodies from C2 to the sacrum, it often bridges
the [epidural] fat and blood vessels between the liga-
ment and bony surfaces ( Moore et al 2018 ). In the lum-
bar region, part of it takes a horizontal path and extends
out to the intervertebral foramen ( Figure 2.22D ), cover-
ing the lower half of the annulus fibrosus, and attach-
ing to the lateral opening of the intervertebral foramen
( Lang 1993 ; Jones et al 2021(b)). T e ligamenta fl ava 
connect the lamina of the adjacent vertebrae (Jones 
et al 2021(b)) and form a cover over the dura mater 
to protect the spinal cord ( Bridwell 2021 ). Inferiorly,
the lateral portion of each ligamentum fl avum extends 
to the midpoint between two pedicles and forms the
anterior capsule of the zygapophysial joint (Jones et al 
2021(b)). T e supraspinous ligament connects the tips
of the spinous processes from C7 to the sacrum ( Moore
et al 2018 ). T e interspinous ligament connects adjoin-
ing spinous processes, attaching from the root to the 
apex of each process ( Moore et al 2018 ) and extending
between the supraspinous ligament posteriorly and the
ligamenta flava anteriorly. T e intertransverse ligament
extends from the inferior border of one transverse pro-
cess to the superior border of the adjacent transverse
process (Bannister et al 1996 ). T e iliolumbar ligament
bilaterally extends from the tip of the anteroinferior 
aspect of the L5 transverse process, as well as the L4 
transverse process in some cases, and it radiates later-
ally to attach to the pelvis ( Bannister et al 1996 ; Jones 
et al 2021(b)). Te lumbar  facet capsular ligament fully
encases the facet joint (Jones et al 2021(b)) by covering
it in a rostral to caudal direction with a non-uniform 
thickness, which may vary from approximately 2.0 mm
thick posteriorly, while being as much as 3.2 mm thick 
anteriorly (Jaumard et al 2011 ).
 Te innervation of the  anterior longitudinal ligament 

is by the sympathetic trunk and grey rami communican-
tes nerves that are responsible for transmitting pain gen-
erated in this ligament, while the  posterior longitudinal
ligament is innervated by the recurrent meningeal nerve, 
which is responsible for transmitting pain generated in 
this ligament (Gharries 2018).
Free nerve endings are also present in the  posterior 

ligamentous structures of the human lumbar spine i.e. 

supraspinous ligament, interspinous ligaments, and liga-
menta flava (Yahia et al 1989). In addition, the posterior 
ligamentous structures contain Paciniform and Ruffi  ni 
corpuscles, suggesting that these posterior ligamentous
structures could be involved in the spinal control system 
(Yahia et al 1989). In a scanning electron microscopy  
and immunohistochemical study of the  interspinous 
and  longitudinal ligaments, Yahia et al (1993) confi rmed 
that nerve fibres are localised in the superficial layers of 
the ligaments as well as in the deeper ligamentous sub-
stance, and the immunohistochemical staining for neu-
rofilament protein (NFP) clearly confirmed the presence 
of sensory nerve endings, most of which terminated as 
simple free endings thought to be nociceptors.
 Te sympathetic fibres carried in the recurrent men-

ingeal nerve are thought to innervate much of the sur-
rounding vasculature, including the vessels that supply 
blood to the outer annulus, endplates, vertebral bodies, 
and bone marrow (Shayota et al 2019). Furthermore,  
Nencini et al (2016) found that both the periosteum and 
the marrow cavity of bones must be innervated by pri-
mary afferent neurons capable of transducing and trans-
mitting nociceptive information—these bone aff erent 
neurons provide the CNS with information that elicits 
primary pain arising from bone. 
 Te recurrent meningeal nerves, at every level of the 

vertebral column, are made up of plexiform branches of 
rami communicantes (Groen et al 1990). Te column of 
vertebral bodies and IVD s is surrounded in its entire 
length by a continuous network of interlacing nerve 
fibres, and  anteriorly this network is made up of the nerve 
plexus of the anterior longitudinal ligament, present at
the lumbar, thoracic, and cervical levels, while  posteriorly 
it consists of the nerve plexus of the  posterior longitudinal 
ligament continuing from the cervical to the lumbosacral 
regions; contributions to both nerve plexuses are derived
from the sympathetic trunks, rami communicantes, and 
perivascular nerve plexuses of segmental arteries (Groen 
et al 1990).
Furthermore, the  recurrent meningeal nerve is respon-

sible for transmitting pain generated in the posterior 
longitudinal ligament, the anterior surface of the spinal 
dura mater, the periosteum of the posterior aspect of a 
vertebral body, the posterior aspect of the IVD, and the 
epidural adipose tissue and veins (Gharries 2018). T e 
sympathetic trunk and  grey rami communicantes nerves 
are responsible for transmitting pain generated in the 
periosteum of the lateral and anterior aspects of the ver-
tebral bodies, the anterior aspect of the IVD, and the 
anterior longitudinal ligament (Gharries 2018).
 Te segmental innervation of the lumbar spine is 

extensive as is shown in an axial view diagram illus-
trating parts of the IVD and the vertebral body (Figure
2.23). Note the extensive plexuses of nerves that accom-
pany the anterior and posterior longitudinal ligaments
(Groen et al 1990) and how the posterior longitudinal
ligament plexus also innervates the dura mater and the
associated root sleeves (not illustrated in  Figure 2.23)  
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(Groen et al 2000). It should be recalled that the discs of spinal nerves, or from the grey rami communicantes 
are innervated only in the outer annulus fi brosus by sen- ( Tomaszewski et al 2015) and that the sensory fi bres 
sory and sympathetic perivascular nerve fi bres, branches of the spinal nerve are intimately related to the zyg-
from the recurrent meningeal nerve, the anterior rami apophysial joint (Sunderland 1978). 

  FIGURE 2.23 A schematic and not to scale axial view showing an upper lumbar vertebra (at approximately L3 
level) with part of its intervertebral disc on the left and part of the top of the vertebral epiphysial ring and bone 
plate on the right. Detailed and extensive neuroanatomy is shown on the left side of this figure, and only a simpli-
fi ed neuroanatomical outline to the bone and periosteum from the grey ramus communicans is shown on the right 
side: 1 = epidural vasculature in the epidural fat space (E); 2 = dural tube; 3 = intrathecal nerve roots of cauda equina; 
4 = fi lum terminale internum; 5 = anterior nerve root; 6 = posterior nerve root; 7 = posterior root spinal ganglion; 
8 = main trunk of spinal nerve (coloured grey) formed by the junction of the anterior and posterior nerve roots just
beyond the spinal ganglion where it is enclosed in the dural sheath surrounded by epineurium; 9 = posterior ramus of 
spinal nerve (coloured grey) that provides sensory innervation of the zygapophysial joints ( Epstein 1976); 10 = anterior 
ramus of spinal nerve (coloured grey); 11 = recurrent meningeal nerve with branches carrying sympathetic fi bres
through the epidural space to supply the dural tube; 12 = autonomic (sympathetic) branch to the recurrent meningeal
nerve; 13 = grey ramus communicans (multilevel irregular lumbosacral distribution); 14 = white ramus communicans 
(myelinated; not found above T1 or below L2–3–4 *); 15 = lateral sympathetic efferent branches projecting from grey 
ramus communicans; 16 = lateral paraspinal afferent sympathetic ramus projecting to paraspinal sympathetic gan-
glion (PSG—17); 18 = paraspinal sympathetic chain; 19 = anterior paraspinal afferent sympathetic ramus projecting 
to PSG; 20 = anterior sympathetic eff erent branches projecting from PSG; (Note: aff erent and eff erent sympathetic 
paraspinous branches/rami may be partially combined in vivo); 21 = lateral branch of posterior ramus (coloured grey) 
to posterior peri-spinal tissues; 22 = medial branch of posterior ramus (coloured grey); 23 = neural fi bres associated 
with zygapophysial joints, lamina, spinous process, interspinous and supraspinous ligaments. 

Source: Reproduced with permission from Jinkins JR, Te anatomic and physiologic basis of local, referred and 
radiating lumbosacral pain syndromes related to disease of the spine, Journal of Neuroradiology; 31(3): 163–80. 
© 2004 Elsevier Masson SAS. All rights reserved. Modifi ed *Tere appears to be some ambiguity in the literature
regarding the lowest level of the  white ramus communicans, as previously mentioned. 
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Essentially, the IVDs and related ligaments, psoas
major and quadratus lumborum muscles are inner-
vated by various branches of the  anterior rami and 
sympathetic nervous system, while the  posterior ele-
ments of the vertebral column, including the zyg-
apophysial joints and back muscles, are innervated  
by branches of the posterior rami of the spinal nerves 
(Bogduk 1997). In a study of the human foetus vertebral 
column,  Groen et al (1990) showed that the  anterior 
nerve plexus consists of the nerve plexus associated 
with the anterior longitudinal ligament; this longitu-
dinally orientated nerve plexus has a bilateral supply 
for many small branches of the sympathetic trunk,
rami communicantes, and perivascular nerve plexuses
of segmental arteries. The  posterior nerve plexus is 
made up of the nerve plexus associated with the pos-
terior longitudinal ligament and is more irregular and 
receives contributions only from the recurrent menin-
geal nerves that originate from the rami communican-
tes (Groen et al 1990). 

  FIGURE 2.24 Schematic lateral view of the  dural 
tube with its related structures viewed from the left 
side, following resection of some bony structures. Note 
the extensive  recurrent meningeal nerve plexus on the 
anterolateral surface of the dura. It is partly supplied 
by branches from the perivascular nerve plexus of the  
radicular arteries, and it gives off  some branches to lat-
eral parts of the dura, while the middle two quarters of 
the posterior dura are devoid of nerve fibres (Groen et al
2000). 1 = intervertebral disc with its nucleus pulposus
and lamellae; 2 = vertebral body; 3 = posterior longitu-
dinal ligament; 4 = epidural fat space; 5 = dura mater; 6 
= nerve root sleeve; 7 = spinal ganglion; 8 = perivascular
nerve plexus of radicular arteries. 

Mechanical Lumbosacral Spine Pain 

A lateral view diagram in which the spinal dura is 
represented as a cylinder with dural sleeves to empha-
size the dural tube’s highly innervated anterior surface 
is shown in Figure 2.24. Although the  anterior dura is 
heavily innervated (Groen et al 1988), the  posterior dura 
is sparsely innervated (Richardson et al 2005).
Figure 2.24 provides insight into how a  posterior or pos-

terolateral IVD herniation could press upon the antero-
lateral side of the spinal dura—or the spinal nerve—and 
the associated spinal branches of the radicular arteries 
and recurrent meningeal nerves and, therefore, likely 
result in a sensation perceived as pain when they are  
activated. 
The basic neuroanatomical structures for the lumbar 

spine intervertebral foramen contents are the anterior 
and posterior branches and the recurrent meningeal
nerve branch (Pallure 2017). Some intervertebral fora-
men contents are shown schematically in the parasag-
ittal section in Figure 2.25, which does not include any
transforaminal ligaments. 

  FIGURE 2.25 Schematic diagram showing a para-
sagittal section of the intervertebral foramen con-
tents and its boundaries. B = body of upper vertebra;
P = pedicles above and below the foramen; I = inferior 
articular process of upper vertebra; S = superior articu-
lar process of lower vertebra. Te intervertebral fora-
men contents within the epidural fat (dotted area) are:
1 = radicular artery; 2 = recurrent meningeal nerve; 3 =
anterior root of spinal nerve; 4 = posterior root ganglion
of spinal nerve; 5 = radicular vein; 6 = ligamentum fl a-
vum; 7 = fibrous joint capsule of the zyapophysial joint;
8 = foraminal veins; no lymphatics are shown, although
they are present (Hadley 1950). 



 

   

 

 
  

 
   

 
     

  
    

   
     

   
 

 
 

 
 

  
   

  
     

 
  

      

41 Summary of the Lumbosacral Spine 

 Te vascular and neural structures, including the dural fat does not usually adhere to these structures, allowing 
tube, are surrounded by the epidural fat space (Figure mobility of the dura within the vertebral canal (Reina et 
2.26)—this space extends from the foramen magnum of al 2009). 
the skull to the sacral hiatus ( Ellis 2006). T e epidural 

  FIGURE 2.26 Schematic diagram showing an axial (horizontal) view of some of the contents of the spinal canal 
and the intervertebral foramina in order to illustrate their epidural fat (E) distribution and some of its adjacent struc-
tures, such as the dural tube (D), ligamentum flavum (LF), neural complex (N), and intervertebral disc (IVD). In addi-
tion, the following structures are shown: A = arachnoid mater; C = cauda equina; M = muscle; S = remains of spinous 
process; ZJ = zygapophysial synovial joint; arrow shows the dimension of the intervertebral foramen. 

In summary, other than the zygapophysial joints and posterolateral aspect of the IVDs, ligamenta fl ava, 
being innervated by articular branches of the  medial periosteum covering the posterior vertebral bodies, 
branches of the  posterior rami, the vertebral column pedicles and laminae, and the spinal dura mater (Moore 
is innervated by recurrent meningeal nerve branches of et al 2018). Te function of these afferent and sympa-
the spinal nerves (Figure 2.27) that are distributed to thetic fibres is unclear, although it is known that the  
(i) the anterolateral aspect of the vertebral bodies and aff erent fibres supply nociceptors that could be involved 
IVDs, the periosteum and anterior longitudinal liga- in the referred pain characteristic of spinal disorders 
ment and (ii) the contents of the spinal canal including and become activated when there is inflammation of the 
blood vessels, posterior longitudinal ligament, posterior meninges (Moore et al 2018). 



   
  

 
  

 

   

  
 

 

 

  
   

     
  

   
      

   
 
 

42 Mechanical Lumbosacral Spine Pain 

  FIGURE 2.27 Innervation of periosteum and ligaments of vertebral column and of meninges. Except for the zyg-
apophysial joints and external elements of the vertebral arch, the fibroskeletal structures of the vertebral column 
(and the meninges) are supplied by the  (recurrent) meningeal nerves. Although usually omitted from diagrams and 
illustrations of spinal nerves, these fine nerves are the first branches to arise from all 31 pairs of spinal nerves and are 
the nerves that initially convey localized pain sensation from the back produced by acute herniation of the IV disc or
from sprains, contusions, or fractures of the vertebral column itself. [Note the arachnoid trabeculae (*) spanning the 
subarachnoid space.] 

Source: Based on Frick H, Kummer B, Putz R. Wolf-Heidegger’s Atlas of Human Anatomy, 4th ed. Basal, 
Switzerland: Karger AG, 1990:476. Modified and reproduced with permission from Moore KL, et al, Clinically 
Oriented Anatomy, 8th Edn, © Wolters Kluwer, 2018, and Frick HF, et al., Wolf-Heidegger’s Atlas of Human 
Anatomy, 4th edn, © S Karger AG, Basel, 1990. 

Central Nervous System and Its containing the CSF (Berry et al 1995). Delicate strands of 
Relationship to Cerebrospinal Fluid connective tissue, the arachnoid trabeculae (Figure 2.27 ), 
As previously mentioned, the spinal cord is enclosed in span the subarachnoid space connecting the spinal arach-

the dura, arachnoid,  and pia maters—these structures are noid and pia maters (Moore et al 2018). Tese three mem-
separated from each other by the  subdural and arachnoid branes surround, support, and protect the spinal cord and 
spaces, the former being merely  potential and the latter spinal nerve roots, including those of the cauda equina, in 
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conjunction with the CSF in which these structures are sus-
pended (Moore et al 2018).
 Te spinal cord and nerve roots are devoid of lymphatic

vessels, as previously mentioned, and their vascular supply
is via radicular arteries and veins, while physiochemical 
homeostasis is maintained by the diffusion barrier in the 
deep arachnoid layer and by the blood-nerve barrier in the
intraneural vascular endothelial cells; also CSF ‘fl ow’ must 
play an important role in replacing the lymphatic vessels 
that the spinal cord and nerve roots lack (Yoshizawa 2002).
CSF ‘movement’ (rather than ‘circulation’) (Oreskovic et al 
2014) is affected by the  downward pull of gravity, the  contin-
ual process of secretion and absorption, blood  pulsations in 
contingent tissues, respiration, and  body movements (Encyl 
Brit 2018). Such movement plays vital functions including 
providing nourishment and elimination of wastes ( Spector 
et al 2015) as the considerable metabolic activity of the 
CNS requires an efficient system of tissue  drainage and 
detoxifi cation ( Tomas et al 2019).
Ultimately, the  lymphatic system does play an impor-

tant role in  CSF absorption (Sokolowski et al 2018) by  
removing foreign material ( Richardson et al 2005) such as
solutes, lipids, immune cells, and cellular debris (Dupont 
et al 2019). In the spinal  subarachnoid space, the part 
of the  CSF absorbed by the epidural venous plexus and  
spinal nerve sheaths enters the  lymphatic system, while 
the remaining CSF ‘flows’ rostrally towards the cranial 
subarachnoid space (Sakka et al 2011). It is important to 
understand the anatomical and physiological relation-
ships between CSF and its drainage into the lymphatic 
system as arachnoid villi function like ‘valves’ that allow 
CSF and its contents to flow readily into venous blood,  
while not allowing blood to flow backward in the opposite
direction (Hall et al 2020). 

Patients with disc herniation and sciatica have increased 
concentrations of neurofilament and S-100 proteins in CSF, 
which indicates  damage of axons and Schwann cells in the 
affected nerve root (Brisby et al 1999) and which is assumed 
to be due to leakage of plasma proteins into CSF from the
nerve root (Skouen et al 1997), probably through the blood-
nerve root barrier (Skouen et al 1993;  Skouen et al 1994).
 Te CSF also dynamically conveys signals modulating 

the development and the activity of the nervous system, 
an observation that implies that cues from the CSF could 
act on neurons in the spinal cord and brain via border-
ing receptor cells; candidate neurons to enable such 
modulation are the  cerebrospinal fl uid-contacting neu-
rons (CSF—cNs) that are located precisely at the interface 
between the CSF and neuronal circuits (Djenoune et al  
2017 ). Te atypical apical extension of CSF-cNs bears a 
cluster of microvilli bathing in the CSF, indicating puta-
tive sensory or secretory roles in relationship with the 
CSF (Djenoune et al 2017). Altogether, neurons contact-
ing the CSF appear as a novel sensory modality enabling 
the detection of mechanical and chemical stimuli from 
the CSF and modulating the excitability of spinal circuits
underlying locomotion and posture (Djenoune et al 2017).
 Te spinal arachnoid villi were first described in humans 

by Hassin (1930) and  Tubbs et al (2007) quantifi ed their 
numbers regionally in the spinal dural nerve sleeve region 
(excised 1 cm lateral and medial to the intervertebral 
foramina), describing them in detail to aid in understand-
ing the physiological characteristics of  CSF absorption. 
Teir study found that the arachnoid villi/arachnoid gran-
ulations in the human spinal dural nerve sleeves are 50
to 170 microns long (mean 110 microns) and noted that 
the majority of villi  protruded into—or were juxtaposed 
with—an adjacent radicular vein (Figure 2.28). 

  FIGURE 2.28 A drawing showing the arachnoid villi (AV) as found in the spinal dural root sleeves. CSF = cerebro-
spinal fluid; RA = radicular artery; RV = radicular vein. Note the epidural venous plexus. 

Source: Reproduced with permission from Tubbs RS, et al., Human spinal arachnoid villi revisited: immuno-
histological study and review of the literature. J Neurosurg Spine 7:328–31, 2007; American Association of 
Neurological Surgeons; lettering modifi ed. 
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As a clear coupling of these structures was demon-
strated, it seems reasonable that these structures may
have the ability to convey CSF to regional veins and thus
recirculate this fluid and that such a vast surface area, as 
is afforded by the spine, would certainly rival the ratio of 
arachnoid villi to dural venous sinuses as seen intracrani-
ally and ostensibly make this region at least as important
in CSF absorption ( Tubbs et al 2007). A lumbar region 
photomicrograph illustrates a dense collection of arach-
noid cells (Figure 2.29). 

  FIGURE 2.29 Photomicrograph illustrating a dense
collection of arachnoid cells (black arrow) from the lum-
bar region, with psammoma-like calcifi cation (white 
arrow) forming a small arachnoid villus. (H and E stain. 
Original magnifi cation x132). 

Source: Reproduced with permission from Tubbs RS, 
et al., Human spinal arachnoid villi revisited: immu-
nohistological study and review of the literature. J 
Neurosurg Spine 7:328–31, 2007; American Association
of Neurological Surgeons. 

This study demonstrated that spinal arachnoid villi 
exist in the lumbar, thoracic, and cervical regions and
have an  intimate relationship with adjacent radicular 
veins (Tubbs et al 2007 ).
Furthermore,  Kido et al (1976) found that  human 

spinal arachnoid villi and granulations were either (i)
located entirely internal to the dura, (ii) extended into the 
dura, or (iii) penetrated the dura completely; most venous
sinuses were closely related to arachnoid proliferations.
At the entrance point of posterior  rootlets in the spi-

nal cord,  arachnoid cisterns were described by  Dauleac 
et al (2019 ), and  lymphatics are present around the
region of the nerve root even though they are absent 
in the nerve root itself ( Richardson et al 2005 ), as men-
tioned previously. Lymphatics of the epidural space are 
concentrated in the region of the  dural roots where they
remove foreign materials including microorganisms
from the subarachnoid and epidural spaces ( Niharika 
et al 2017 ). 

Mechanical Lumbosacral Spine Pain 

Absorption of CSF from the dural tube and nerve roots 
is shown schematically in Figure 2.30. 

  FIGURE 2.30 Cerebrospinal fluid absorption by spi-
nal arachnoid villi and meningeal sheaths of spinal
nerves. Spinal arachnoid villi in contact with the epidural 
venous plexus (A) and adjacent to spinal nerve roots (B). 
Absorption surfaces in the meningeal recess of spinal 
nerve roots (C). 

Source: Reproduced with permission from Sakka et  
al. Anatomy and physiology of cerebrospinal fl uid. 
European Annals of Otorhinolaryngology, head and 
neck diseases 2011; 128: 309–316. Copyright © 2021 
Elsevier Masson SAS. All rights reserved. 

 Te constant secretion of CSF contributes to complete
CSF renewal four to five times per 24-hour period in the 
average young adult (Telano et al 2020), and the fi ne bal-
ance between the secretion, composition, volume, and 
turnover of CSF is strictly regulated (Bothwell et al 2019).
Tus, the CSF has the function of hydromechanical pro-
tection of the neuraxis (Sakka et al 2011), while also play-
ing an essential role in maintaining the homeostasis of 
the CNS and  draining into both the venous and lymphatic 
systems (Matsumae et al 2016).
 Te vascularity of the spinal cord and spinal nerve roots 

(Figure 2.27) is important as pressure on these struc-
tures may cause pain of ischaemic origin (Sunderland 
1975;  Rydevik et al 1984) due to accumulation of lactic 
acid in the tissues, formed as a consequence of anaerobic 
metabolism that occurs during ischaemia; it is also prob-
able that other chemical agents, such as bradykinin and 
proteolytic enzymes, are formed in the tissues because of 
cell damage and that these, rather than lactic acid, stimu-
late the pain nerve endings (Hall et al 2020). Spinal nerve 
root compression, including the PRG, alters nerve root 
conduction and compromises the nutritional support of 
spinal nerve roots (through intrinsic and extrinsic vascu-
larity and CSF percolation) (Garfin et al 1995). 



 

   
 

 

     
 
 
 

   
  

 
 

 
 
 

  
 

 
  

  
 

 

 

   

 
 

 
 

 
  

 

     

  

 
   

     

      
   

     
  

  
 

  

   

45 Summary of the Lumbosacral Spine 

In view of the foregoing, it could be  hypothesized 
that, if decreased spinal movement occurs, this may 
lead to sluggish CSF movement and its drainage of 
metabolic waste products into the vertebral veins due 
to the intimate relationship between the spinal CSF and 
the venous system. Tis possible build-up of metabolic 
waste products around the anterior and posterior nerve
roots within the intervertebral foramen may aff ect 
basic physiological functions that are required for nor-
mal nerve function. For example, it may cause impaired
nerve action potentials due to a possible breakdown of 
the sodium pump mechanism, in turn leading to an  
abnormal flow of impulses along the associated nerve 
fibres, with related breakdown of the cell’s Krebs cit-
ric acid cycle. Terefore, it seems sensible to encour-
age people to keep active, just as activity is encouraged
for other good health lifestyle outcomes. Tis is an area
requiring animal laboratory research. 

Additional Anatomical Structures T at May 
Give Rise to Lumbosacral Pain Syndromes 
It is important to consider the following brief summary 

of some anatomical structures that may give rise to lum-
bar, sacroiliac, hip, and groin pains, with or without radic-
ular symptoms, as low back pain is now the number one 
cause of disability globally (Hartvigsen et al 2018).

 Cluneal Nerves
 Te pivot of the rotation of the trunk is at the T12 level 

i.e. at the thoraco-lumbar junction, where most of the 
rotation of the trunk takes place in everyday activities; this
may result in a lesion or dysfunction of the corresponding
facet joint that has a close relationship with the posterior 
ramus of a spinal nerve at the thoraco-lumbar junction
(Maigne 1974), resulting in irritation of the nerve. 
 Te lateral branches of the posterior ramus of the tho-

raco-lumbar junction ( Maigne et al 1989 ) at the T12, L1 
or L2 levels innervate the cutaneous area of the iliac crest 
as their branches become superficial as cluneal nerves 
i.e. sensory nerves that innervate the skin ( Maigne 1980 ; 
Maigne et al 1991 ;  Maigne 1996 ;  Quon et al 1999 ). As
a schematic example of a T12 posterior ramus and its 
emerging superficial cutaneous branches as superior clu-
neal nerves at the iliac crest, see  Figure 2.31 . 

  FIGURE 2.31 Schematic diagram of the approximate 
path of the T12 posterior ramus with the cluneal nerves
at the iliac crest. 

Apart from cluneal nerves being associated with 
low back pain in the region of the posterior iliac crest 
(Maigne 1980,  2000), they can also be associated with  
pain projecting into the buttock (Maigne et al 1997) 
(Figure 2.32 ).
 Te origin of Maigne’s thoraco-lumbar syndrome due 

to a segmental dysfunction of the facet joints is highly 
treatable with spinal manipulation, injections and per-
cutaneous rhysotomy ( Maigne 1997 ;  Maatman et al 
2019). In fact, when Maigne’s syndrome is suspected, the 
diagnosis is confirmed by alleviation of pain following  
manipulation or injection into the involved zygapophy-
sial joints (Bernard et al 1999). 



  
  

  
  

 
 

 
 

 
 

 

 
 

   

 
 

  
 

 
 

 
  

  
  

         
   

 
   

      
   
  

 
 
 
 

 

        
 

 

46 Mechanical Lumbosacral Spine Pain 

  FIGURE 2.32 Maigne’s Syndrome. (A) Unilateral low back pain referred via the  cluneal nerves supplying the skin
near the iliac crest from the T11-L1 region. Tenderness to deep palpation over the area of pain is approximately 7 cm
from the midline of the spine.  (B) Pain may be felt on the lateral aspect of the hip region and groin area via the lateral 
cutaneous branch of the subcostal and iliohypogastric nerves. 

 Furcal Nerves
 T e furcal nerve is a common cause of atypical pre-

sentation of sciatica/radicular symptoms—it is an inde-
pendent nerve that is present most commonly at L4 level 
(Izci et al 2005) and the majority of furcal nerves bifur-
cate extra-foraminally (Harshavardhana et al 2014). T e 
furcal nerve is an accessory spinal nerve originating from
the cord independently of other lumbar nerve roots that 
includes an anterior and a posterior component; the fur-
cal nerve can be found in all subjects, is generally single, 
and, in most cases, its roots emerge from the spinal cord
and run within the thecal sac beside the L4 root (Kikuchi 
et al 1986; Postacchini et al 1999(b)). Occasionally, two 
furcal nerves may be present, i.e. L3 and L4 or L4 and L5; 
sometimes only one L5 furcal nerve is present. T e pos-
terior root of the furcal nerve has a ganglion situated, as 
for the normal posterior roots, at the level of the interver-
tebral foramen; once the nerve has left the intervertebral 
foramen with the roots proper of that level, with which 
it constitutes a single radicular nerve, it gives off three
branches, contributing to form, respectively, the femoral 
nerve, the obturator nerve, and the lumbosacral trunk 
(Postacchini et al 1999(b)). Te clinical relevance of the 
furcal nerve is that disc herniation, or other pathological 

conditions, may impinge upon both the radicular nerve 
proper of that level and on the furcal nerve, thus caus-
ing atypical bi-radicular syndromes (Kikuchi et al 1986; 
Postacchini et al 1999(b)). According to  Haijiao et al 
(2001), MRI provides accurate information on lumbosa-
cral nerve root anomalies.

 Sacroiliac Joint 
 Te understanding of low back pain would be seriously

hampered by neglecting the sacroiliac (SI) joints (Vleeming
et al 1996) as they are known to be a source of low back pain
(Aprill 1992; Quon et al 1999; Barros et al 2019), which is 
widely overlooked (Barros et al 2019), often with referral  
to the buttock, the posterior thigh, and sometimes the calf
(Quon et al 1999). In view of this, it is necessary to consider
the anatomy of some of the pelvic bony and associated liga-
mentous soft tissue structures (Figure 2.33).
Stability of the  SI joints that consist of a cartilaginous and

a fibrous or ligamentous compartment ( Kampen et al 1998 )
is provided by a strong articular capsule and the powerful
posterior sacroiliac and interosseous sacroiliac ligaments
(IOSILs) (Figures 2.33) that tightly knit and strengthen the
joint, while allowing minimal movement ( Rickenbacher et
al 1985 ;  Weisel 1955 ;  Sturesson et al 1989 ). 



 

     
  

   

    

47 Summary of the Lumbosacral Spine 

  FIGURE 2.33 Te anterior and posterior ligaments are shown. Te three ligaments that stabilize the pelvis, sacrum, 
and the fi fth lumbar vertebra are the iliolumbar, sacrotuberous, sacrospinous ligaments, respectively (Hanson et al 
1994 ). 

Source: Modified from Pauchet B, Dupret S, Pocket Atlas of Anatomy, 3rd edn, London, Oxford University Press,
1965. Reproduced with permission of the Licensor through PLSclear. 



       
  

    
 

 
 
 

  
    

    

  
  

 

  
  

 
         

    
   

  
  

  
   

     

48 Mechanical Lumbosacral Spine Pain

 Te positions of the sacral auricular surface and the 2.34A ). Te internal aspect of the left hip bone with its 
adjacent sacral tuberosity that is rough and deeply pit- auricular surface and iliac tuberosity is shown in Figure 
ted by attachment of ligaments (Soames 1995) are shown 2.34B . 
in a slightly oblique posterior view of the sacrum (Figure 

  FIGURE 2.34 (A) Tis slightly oblique view particularly illustrates the auricular surface—which is covered by articu-
lar cartilage—and the  tuberosity of the sacrum. Te positions of the sites of origin for the muscles named on the pos-
terior of the sacrum are illustrated as shown by the dotted lines. (B) Internal aspect of the left hip bone showing its
auricular surface (AS)—which is covered by articular cartilage—and the iliac tuberosity (IT) to which the interosseous
and posterior sacroiliac ligaments are attached, spanning the gap between the iliac and sacral tuberosities. AIIS = ante-
rior inferior iliac spine; ASIS = anterior superior iliac spine; GSN = greater sciatic notch; I = ischium; IIF = internal iliac
fossa; I-PE = ilio-pubic eminence; IS = ischial spine; LSN = lesser sciatic notch; OF = obturator foramen; OG = obturator
groove; PIIS = posterior inferior iliac spine; PL = pectineal line; PSI = pelvic surface of ischium; PSIS = posterior superior
iliac spine; RI = ramus of ischium; SS = symphysial surface. To this is firmly attached a thin lamina of hyaline cartilage,
which in turn blends with the surface of a thick, strong, but deformable pad (or disc) of fibrocartilage (Soames 1995)
that is sandwiched between the articular surfaces of paired pubic bones to form the pubic symphysis (Becker et al 2010). 

Source: (A) Modified and reproduced with permission from Gray H 1858 Anatomy of the Human Body. Philadelphia, 
Lea and Febiger. Public Domain.  https://commons.wikimedia.org/wiki/File:Gray96.png), (B) Reproduced with 
permission from Giles LGF, Crawford CM, Sacroiliac Joint. In: Giles LGF, Singer KP Te Clinical Anatomy and 
Management of Low Back Pain, Edinburgh, Butterworth-Heinemann, © Elsevier, 1997(b), p. 173–182. 

An anteroposterior X-ray view showing the upper an axial CT myelogram scan across the sacroiliac joints 
region of the pelvis with its S-I joints (Figure 2.34C) and (Figure 2.34D) are shown. 

https://commons.wikimedia.org


 

       
 

      
  

    
  

   
     

 

     
   

 
   

  

49 Summary of the Lumbosacral Spine 

  FIGURE 2.34 (C) Plain X-ray view showing SI joints bilaterally (arrows).  (D) CT myelogram axial image through 
the S1–2 level showing the corresponding SI joints at this level (SI JT). Te synovial part of the joint is located  ante-
riorly; the  posterior ligamentous part contains the  interosseous sacroiliac ligament (IOSIL) and the adjacent posterior 
interosseous sacroiliac ligament (PISIL)—both of these ligaments are shown schematically for the interosseous part 
of the joint on the right side of the image. A = ala of sacrum; C= thin joint capsule anteriorly covered by the  anterior 
sacroiliac ligament (ASIL); C-L = the change from the  anteriorly situated cartilage of the synovial joint to the  posterior 
ligamentous compartment. D = dural tube; ES = erector spinae muscle; I = ilium; M = multifidus muscle; S = sacrum. 

Te sacroiliac joint is a diarthrodial synovial joint—it is surrounded by a fibrous capsule containing a joint space fi lled
with synovial fluid between its articular surfaces (Wong et al 2020). Te histological structure of the sacroiliac joints 
is shown in Figures 2.34E and F. 

  FIGURE 2.34 (E and F) 200 μm thick histological sections from the synovial joint regions of the SI joints of a 
59-year-old female showing some osteoarthritic changes. (E) Was cut in a slightly oblique axial plane and shows the 
length of the cartilaginous part (at this level for this cadaver) between its iliac and sacral cartilages and their adjacent
bone marrow. JC = thin joint capsule anteriorly that lies beneath the anterior sacroiliac ligament; the change from the 
synovial joint’s cartilaginous region to the posterior ligamentous compartment is shown (C-L); there is no capsule 
posteriorly because the interosseous sacroiliac ligaments form the posterior margin of the joint space.  (F) A section 
cut through the plane of the auricular surface of the SI joint’s cartilaginous area to illustrate its ridges and depres-
sions, albeit in a one plane section. 



 
 

  

    

 
    

   
   

   
     

 
     

    
   

   
 

  

 

     

 
  

   
  

 

     

   

      
      

      
  

 
   

50 Mechanical Lumbosacral Spine Pain 

 Tere is no true joint capsule superiorly where the 
IOSILs are located but, inferiorly, the joint does have an 
innervated synovial lined joint capsule and cartilaginous 
surfaces that probably contain a mixture of hyaline and 
fibrocartilage (Bernard et al 1997).
 T e anteroposterior rotatory movement appears to 

range from 2 degrees ( Egund et al 1978) to 12 degrees 
(Lavignolle et al 1983). Te anteroposterior rotation 
occurs around the transverse axis about 5–10 cm verti-
cally below the sacral promontory (Weisel 1955).
 T e articular part of the sacral side usually involves 

the first, second, and third sacral levels (Solonen 1957; 
Rosse et al 1997;  Forst et al 2006,  Butler et al 2012). It 
is a complex joint with two parts, as mentioned earlier, 
i.e. an anterior synovial part and a posterior  ligamentous 
part (Herregods et al 2016). Te synovial joint area is 
located in the  anterior and  lower third of the joint with
cartilage on the joint surfaces (Figure 2.34E) surrounded
with synovium, while the ligamentous part is located in 
the  posterior and  upper two-thirds of the joint, where the 
sacrum and the ilium are connected with restraining lig-
aments (anterior and posterior sacroiliac, interosseous, 
sacrotuberous, and sacrospinous ligaments) (Puhakka et 

al 2004; Herregods et al 2016). In addition, thin section 
light microscopy has shown that the cartilage on the  iliac 
side consists of a mixture of hyaline and fi brous cartilage, 
whereas there is pure hyaline cartilage on the  sacral side 
(Hermann et al 2014).
 Te depth of the cartilage on the sacral surface ranges 

from 0.2 to 2.4 mm, while on the iliac surface the range 
is 0.1–1.8 mm, indicating that the sacral cartilage is, on 
average, 1.7 times thicker than that of the iliac surface 
(Walker 1986). In addition, Vleeming et al (1990 ) showed
the presence of cartilage covered ridges and depressions 
that are complimentary on the opposing auricular sur-
faces of the sacroiliac joints. 
A series of CT axial images (Figure 2.35A-L) begin-

ning at the lumbosacral level superiorly, then progress-
ing inferiorly through the sacrum to show the anatomy 
of the bilateral SI joints of a 55-year-old male (involved 
in a minor pelvic injury), illustrates the anterior location 
of the joint’s synovial and cartilaginous part, as well as its 
posterior ligamentous part. The left sided L5-S1 poste-
rior IVD bulge was reported as were some minor degen-
erative changes in the SI joints—all muscles of the pelvic
girdle were reported as being normal. 



 

      

 
   

 
     

   
 

   

 
     

          
     

   

51 Summary of the Lumbosacral Spine 

  FIGURE 2.35 A series of CT axial images beginning at the lumbosacral level are illustrated in this fi gure. (A) A = 
anterior; P = posterior; R = right side of scans; 1= ilium; 2 = upper part of sacrum; 3 = lumbosacral canal with signifi -
cant left sided posterior intervertebral disc bulge causing spinal stenosis with encroachment on the left L5-S1 neural
foramen; 4 = left L5-S1 zygapophysial ‘facet’ joint; (B) 5 = iliacus muscle (m); 6 = psoas m; 7 = gluteus medius m; 8 
= gluteus maximus; 9 = multifidus/erector spinae ms; 10 = dural tube/thecal sac within the central sacral canal and 
two bilateral S1 nerve roots; (C) 11 = right S-I joint; 12 = sacral tubercle; 13 = sacral ala. Tis section indicates that 
the sacral canal now has a triangular confi guration. (D) 14 and 15 = the synovial cartilaginous part of the S-I joint 
anteriorly and the ligamentous part posteriorly. Te dashed lines across the S-I joint in some of the images illustrate 
where the anterior cartilaginous synovial joint transitions to the ligamentous part posteriorly; 16 = S-I joint; (E) (*) = 
sacral promontory; arrow = the larger S1 anterior nerve root leaving the anterior sacral foramen; tailed arrow = pos-
terior sacral foramen through which the smaller posterior S1 nerve root leaves (arrow head); C = cauda equina within
the central sacral canal;  (F) 17 = sacrum; 18 = bilateral posterior sacral foramina containing S2 nerve roots; (G) 19 = 
central sacral canal; (H) 20 = site of fusion between sacral bodies; (I) 21 = iliopsoas m; (J) 22 = bilateral anterior sacral 
foramina; (K) 23 = external and internal iliac arteries and veins; the sacral hiatus (curved arrow) with adjacent left and 
right sacral cornua (arrow); (L) 24 = gluteus minimus m; 25 = piriformis muscle. 



    
 

 
 

 
 

  
 

 
  

   

 

  

    
 

  
 

 

    

 
 

  
 
 

 
 

 
 

  
 

     

 
 
 

   

   
  

 

 
      

 
    

    

  
 

 

  
  
      

  
    

     
  

  
 

     

52 Mechanical Lumbosacral Spine Pain 

As early as 1905, Goldthwait and Osgood emphasized 
mobility of the sacroiliac joint and suggested that an 
acute or chronic slip, or subluxation, of the joint could 
cause pain and suggested that the variability of symp-
toms may be attributable to differing degrees of mobil-
ity. Furthermore, as the cartilage-covered ridges and 
depressions are normally complementary on opposing
auricular surfaces (Vleeming et al 2012), when the joints
are subjected to abnormal [mechanical] loading condi-
tions, they may be forced into a new position where the 
ridges and depressions are  no longer complementary, 
theoretically causing a  blocked joint (Vleeming et al  
1990), resulting in low back pain due to the innervation 
of the SI joints. 
 Te superior surface of a block of osteoligamentous tis-

sues, cut in the axial plane through the sacrum and parts 
of its adjacent ilia, at the level of the first left and right 
sacral foramina, is shown in Figure 2.36. 

  FIGURE 2.36 Te superior surface of a block of osteo-
ligamentous tissues showing the sacrum (S), adjacent ilia
(IL), first anterior sacral foramen (ASF) containing the 
anterior root of the first sacral spinal nerve (N) and accom-
panying vascular structures and epidural fat within the 
length of the first anterior spinal foramen that is approxi-
mately 10–15 mm long (Whelan et al 1982); same orien-
tation for Figure 2.37. Te posterior ligamentous parts of 
the left and right SI joints (SI) are shown at this level. T e 
sacral canal (SC) is seen centrally and contains epidural 
fat (E), vascular structures, and the lower portion of the 
dural tube (DT) and the filum terminale (F). ES = erector 
spinae muscle; IOSIL = interosseous sacroiliac ligament 
in the posterior region of the SI joint cavity (Vleeming 
et al 1992 (a)) that contains blood vessels and adipose tis-
sue; M = multifidus muscle; MC = median sacral crest. 

Source:Reproduced with permission from Giles LGF,
Crawford CM, Sacroiliac Joint. In: Giles LGF, Singer
KP Te Clinical Anatomy and Management of Low 
Back Pain, Edinburgh, Butterworth-Heinemann, © 
Elsevier, 1997(b), p. 173–182. 

Part of a histological section, cut in the axial plane 
from the anatomical block in Figure 2.36, is shown in
 Figure 2.37 . T is figure shows part of the IOSIL in the 
retroarticular space of the SI joint cavity, which is the 
main determinant of sacral movement (Vukicevic et al 
1991). It is a powerful and very strong ligament uniting 
the ilium and sacrum, which fills the irregular space 
immediately above and behind the SI joint and is cov-
ered by the posterior sacroiliac ligament (Williams et al 
1980 ). Te IOSIL is the largest of the sacroiliac joint liga-
ments (Steinke et al 2010).
Using oblique transaxial thin histological sections 

through a normal SI joint, Madsen et al (2010) confi rmed
that the transition between the anterior cartilaginous and 
posterior ligamentous parts of the joint space are clearly 
demarcated. Te posteriorly located joint ligaments insert
directly into the cartilage anteriorly; there is no synovium
and the entire ligamentous joint space is rich in vessels 
(Madsen et al 2010) (Figure 2.37). 

  FIGURE 2.37 A 200-μm-thick histological section 
cut in the axial plane from a 65-year-old female showing 
parts of the left side of the sacrum and adjacent ilium at 
the level of the first sacral segment. A = anterior; P = pos-
terior. Te anterior border of the sacral ala is shown, with 
part of the adjacent anterior sacroiliac ligament (ASIL) 
and neural structures forming part of the fi fth lumbar 
nerve (L5 N). Te sacral canal (SC) contains neural struc-
tures forming part of the first sacral nerve (S1 N) and epi-
dural (E) adipose tissue containing vascular structures. 
Part of the posterior interosseous sacroiliac ligament 
(PSIL) behind the upper recess is seen bridging between
the sacrum and the ilium i.e. across the ligamentous part
of the SI joint cavity (SI JT); BV = blood vessels, some 
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FIGURE 2.37 (Continued)
of which are seen coursing through the adipose tissue 
within the joint’s upper recess; IOSIL = parts of the inter-
osseous sacroiliac ligament in the retro-articular space. 

Source: Reproduced with permission from Giles LGF,  
Crawford CM, Sacroiliac Joint. In: Giles LGF, Singer 
KP Te Clinical Anatomy and Management of Low 
Back Pain, Edinburgh, Butterworth-Heinemann, © 
Elsevier, 1997(b) p. 173–182. 

 Te adult SI joint will accept a volume of 1–2 cc of 
injectate but the addition of more fluid distends the joint 
(Aprill 1992) that most often remains patent throughout 
life (Cassidy 1992) as there is still a demonstrable joint 
space well into the eighth and ninth decades (Greenman 
1992). However, during old age, the SI joint can become 
partially ossified, especially in men, and calcifi cation in 
the anterior sacroiliac ligaments makes the joint cavities 

less visible on radiographs, even though they are still pres-
ent (Moore 1992). Te adipose tissue with blood vessels 
seen within the joint’s posterior upper recess (Figure 2.37) 
may serve as a shock-absorbing function for the incongru-
ent surfaces, vessels, and ligaments (Poilliot et al 2019).
 T e innervation of the lower lumbar and sacral region 

is summarized in Figures 2.38A and B where the fi fth
lumbar nerve (N5) descends in a groove on the ala of the 
sacrum, immediately lateral to the articular facet, and it 
can be traced downwards as the lateral division before 
it joins the lateral division of the first sacral nerve (S1) 
( Bradley 1974 ). Te medial division of the L5 nerve curves 
under the lumbosacral zygapophysial joint, sending tiny 
branches to it; the lateral division of the L5 nerve, sup-
plies the posterior sacroiliac ligament and joint (Bradley 
1974 ). Te nerve plexus on the posterior aspect of the 
sacrum has also been described by various authors such 
as Bernard et al (1997) and  Murakami (2019). 

  FIGURE 2.38 (A) A schematic diagram showing part of the lower lumbar spinal innervation (posterior view). 1 = 
posterior ramus of the L4 spinal nerve; 2 = medial branch of the posterior ramus with an adjacent ZJC (artic-
ular) branch (arrow) and a descending articular branch to the ZJC one joint lower (tailed arrow); 3 = lateral
branch of the posterior ramus; MA = mamillo-accessory ligament that forms an osseofibrous tunnel for the 
medial branch; ZJC = zygapophysial joint capsule. Te L5 posterior ramus (N5) is shown providing branches 
to the posterior first sacral (S1) level.  (B) A schematic diagram showing only the nerve plexus formed on 
the right posterior aspect of the sacrum by the posterior rami of the lower lumbar and sacral nerves that 
also innervate the sacroiliac joint and its overlying ligaments. 1 = posterior ramus of the L5 spinal nerve; 



     
   

 
  

 
 
 

  
 

      
 
 
 

    
 

   
  

  
   

   
 

 

 
     

 

 
 
 
 

 
     

 
   

 
 
 

   

  

  
 

    

   

 
   

 

 
 

  
  

 
   
    

  
 
 
 
 
 
 
 
 

   
 
   

 

  
     

 

 
     

   

54 Mechanical Lumbosacral Spine Pain 

FIGURE 2.38 (Continued)
2 = medial branch of the posterior ramus with an adjacent ZJC (articular) branch; S2 = second sacral foramen branches. 
A = auricular surface of the sacrum for articulating with the auricular surface of the ilium. As the branches of the 
posterior rami of the sacral nerves emerge through the posterior sacral foramina they are accompanied by branches
of the sacral arterial and venous vessels (Rickenbacher et al 1985). 

Source: (A) Reproduced with permission from Giles LGF, Anatomical basis of low back pain. Baltimore, Williams
and Wilkins, © Wolters Kluwer, 1989. 

 Tus, sacroiliac joint innervation posteriorly is via the 
sacral nerve plexus’ posterior rami (Bradley 1974) and 
is considered to be from the posterior rami of L5 to S2 
(Rickenbacher et al 1985 ;  Wong et al 2020) and the plexi-
form arrangement of small nerve branches from the 
posterior rami from L5, and the sacral foramina, lies on
the posterior surface of the sacrum in contact with the 
IOSIL and the sacrotuberous ligament—it is deeply situ-
ated on bone and ligamentous tissue beneath the mul-
tifidus and sacrospinalis muscles, with extension to the 
deep and superficial parts of the posterior sacroiliac lig-
ament (Figure 2.38B) (Bradley 1974;  Sunderland 1975).
Furthermore, immediately upon emerging from the 
sacral foramina, the posterior rami of the sacral nerves 
divide into medial and lateral branches, anastomosing 
with those of adjacent segments—lateral branches run 
to the skin and the  medial branches ramify in the mus-
cles, seldom reaching the skin (Rickenbacher et al 1985).
 T e anterior sacroiliac ligament is innervated by ante-

rior branches from the sacral plexus (S1–4) ( Rickenbacher
et al 1985) and possibly small filaments of the obturator 
nerve (L2–4) (Sunderland 1968).
Overall, the SI joint is well innervated, with varia-

tion among individuals, and innervation may be mainly 
derived from the sacral posterior rami, which might 
account for the variable patterns of referred pain from 
the SI joint (Wong et al 2020). Furthermore, Vilensky et al
(2002) demonstrated in a histological study of neural ele-
ments in the human sacroiliac joint, the presence of nerve 
fibres and mechanoreceptors in the sacroiliac ligament 
indicating that the CNS receives information—certainly 
proprioceptive—and possibly pain from the sacroiliac 
joint as immunohistochemical staining for substance P, the
neurotransmitter known to signal pain from the periph-
ery, showed reactive elements that may have been nerves.
 Te anterior blood supply to the sacroiliac joint occurs by 

an anastomosis between the median sacral artery and the 
lateral branches from the internal iliac artery (Figure 3.12);
they enter the anterior sacral foramina and anastomose 
with the posterior sacroiliac blood supply from the gluteal 
arteries and venous drainage is from the tributaries from 
the median and lateral sacral veins (Bernard et al 1997). 

Clinical Implications of Sacroiliac
Joint Mechanical Dysfunction 
Sacroiliac joint dysfunction can be exacerbated by 

various physical manoeuvres that are thought to stress 
the joint (Mooney 1992). Te syndrome is a common 
condition likely resulting from a mechanical derange-
ment of the joint (Kirkaldy-Willis 1988) and may be asso-
ciated with a small degree of subluxation, based on the 
apparent success of manipulation directed at the SI joint
(Allan et al 1989 ;  Bowen et al 1991).
 Te importance of sacroiliac syndromes in the cau-

sation of low back pain has gained increasing recogni-
tion, partly due to the clinical and radiological studies 
by Schmid (1980), which showed a larger range of move-
ment in the SI joints than was previously supposed.  Shaw 
(1992) states that SI joint dysfunction is a very common 
cause of low back pain and, according to  Schmid (1980),
the main feature of the sacroiliac syndrome is the parox-
ysmal character of the pain which may fl uctuate widely 
during rest and movement and may not be confi ned to 
the vicinity of the SI joint, radiating into the groin, tro-
chanteric area, or distal parts of the posterior thigh, 
and occasionally, pain may be referred down the lateral 
or posterior areas of the calf to the ankle, foot, and toes
(Quon et al 1999).
Aprill (1992) developed a technique for consistent

opacifi cation of the joint space.  Schwarzer et al (1995),
using SI joint diagnostic blocks under image intensifi er
protocols, concluded that the SI joint is a signifi cant 
source of pain in patients with chronic low back pain; 
in some cases the sacroiliac joint arthrogram showed 
an anterior capsule tear with leakage of radiographic 
contrast, although such tears are not pathognomonic 
of SI joint pain but indicate some form of traumatic 
disruption of the joint as the injections into the joint 
were not sufficiently forcible to disrupt a normal joint 
capsule.
 T e effect of significant (> 9 mm) LLI on the SI joints is

unknown but it is reasonable to assume that it may result
in excessive unilateral stress on the SI joint capsule, its 
ligaments, and its articular cartilage (Dihlmann 1980) 
( Figure 2.39 ). 



 

    
 

 
 
 

   

  
 

       
   
 

 
   

 
 

  
     

   
 

    
    

    

 

 
    

 

    

        
 

         

55 Summary of the Lumbosacral Spine 

  FIGURE 2.39 Radiograph of a 37-year-old male with a 
right leg length deficiency of 26 mm and a postural scolio-
sis of 11 degrees using the Cobb (1948) method of measure-
ment. Note the more prominently displayed lateral border
of the psoas major muscle (arrow) on the convex side. T ere
is some wedging of the intervertebral discs—particularly at
L4–5 with the discs being narrower on the left side. 

(A) A Classification of Disc Displacements 

FIGURE 2.39 (Continued) 
Source: Modified and reproduced with permission 
from Giles LGF, Anatomical basis of low back pain. 
Baltimore, Williams and Wilkins, © Wolters Kluwer, 
1989. 

It is generally accepted that the relationship of SI joint  
dysfunction, osteoarthrosis, and sacroiliac syndrome to 
LLI is unknown (Bernard et al 1987;  Cassidy et al 1992; 
Dreyfuss et al 1994). 
In young individuals, bony structures are sometimes 

seen within the SI joint but are considered normal 
(Funke et al 1992). In addition, it should be noted that  
asymmetry in form and function of the SI joint is normal
(Vleeming et al 1992 (b)). 

Intervertebral Disc Degeneration
Having listed, inChapter 1  ( Table 1.1), numerous possible

causes of specific and non-specific lumbosacral spine pain
syndromes, many of which would not be seen on imaging,
Figures 2.40–2.43 are reproduced from the paper by 
Kushchayev et al (2018) “ABCs of the degenerative spine”, 
that provides an excellent source of in-depth informa-
tion on the topic of overt degenerative changes, due to 
mechanical failure or degeneration, that can give rise to 
pain, for example from IVD and endplate degenerative 
change. 

  FIGURE 2.40 A schematic diagram illustrating the classification of intervertebral disc displacements. 

Source: Reproduced with permission from Kushchayev et al 2018 ABCs of degenerative spine. Insights into Imaging
9: 253–274; Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/. 

http://creativecommons.org


     

        

         

     
 

        

     

         

56 Mechanical Lumbosacral Spine Pain 

(B) A Classification of Focal Disc Displacements (Herniations) 

  FIGURE 2.41 A schematic diagram illustrating the classification of focal intervertebral disc displacements/herniations. 

Source: Reproduced with permission from Kushchayev et al 2018 ABCs of degenerative spine. Insights into Imaging 9:
253–274; Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/. 

An example of a posterior epidural IVD migration is not shown in Figures 2.40 and  2.41. 

(C) A Classification of Endplate Changes 

  FIGURE 2.42 A schematic diagram and MRI illustrations in the sagittal plane to show differences between healthy,
aging, and degenerative endplate changes. 

Source: Reproduced with permission from Kushchayev et al 2018 ABCs of degenerative spine. Insights into Imaging 9:
253–274; Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/. 

http://creativecommons.org
http://creativecommons.org


 

   

        
 

 

        

  
 

 
 

 
 
 

   

 
 
  

   
  

     
 

    
   

    
  

 
 

  
  

  

  
  

  
   

    
   

  
   

 
   

 
   

   

   

57 Summary of the Lumbosacral Spine 

(D) A Grading System of Intervertebral Disc Degeneration 

  FIGURE 2.43 A series of sagittal plane MR images illustrating the grading system of intervertebral disc degeneration. 

Source: Reproduced with permission from Kushchayev et al 2018 ABCs of degenerative spine. Insights into Imaging 
9: 253–274; Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/ 
by/4.0/. 

In a prospective 30-year follow-up MRI study of disc
degeneration in young low back pain patients,  Sääksjärvi 
et al (2020 ) concluded that, in low back patients, early 
degeneration in lumbar discs predicts progressive degen-
erative changes in the respective discs but not pain, dis-
ability, or clinical symptoms. 
Using a study population comprised of 831 twin vol-

unteers from Twins UK (mean age 54 +/– 8 years; 95.8% 
female), T2-weight magnetic resonance images showed 
endplate defect is strongly and independently associated 
with degenerative disc disease at every lumbar disc level 
(Rade et al 2018). 

Brief Summary of the Muscles of the Back: 
Teir Basic Function and Innervation 
 Te function of most muscles in the back is concerned 

with maintenance of posture and movements of the ver-
tebral column (spine) (Moore 1997). Tis function is sup-
ported by the systems of strong fibrous bands of ligaments
that hold the vertebrae and discs together and stabilize 
the spine by helping to prevent excessive movements; the 
three major spinal ligaments are the (i) anterior longitu-
dinal ligament, (ii) posterior longitudinal ligament, and 
(iii) ligamentum flavum Figure 2.22B–D  ( Eidelson 2021).
 Tere are two major groups of muscles in the back and 

they are divided into  extrinsic and  intrinsic groups (De 
Sai et al 2020;  Henson et al 2021). 

 T e extrinsic back muscles include  superfi cial and 
intermediate muscles that produce and control limb 
and respiratory movements, respectively; the  superfi cial 
extrinsic back muscles (trapezius, latissimus, dorsi, leva-
tor scapulae, and rhomboids) connect the vertebral col-
umn with the pectoral girdle and humerus and produce 
and control limb movements ( Moore et al 2018 ). 
 T e intrinsic (deep) back muscles include mus-

cles that fuse with the vertebral column (Henson 
et al 2021) and specifically act on the vertebral col-
umn, producing its movements and maintain-
ing posture (Rickenbacher et al 1985 ;  Moore 
et al 2018). Tey are grouped according to their relation-
ship to the surface i.e.  superfi cial layer (splenius capitis, 
splenius cervicis), intermediate layer (erector spinae/
sacrospinalis group i.e. iliocostalis, longissimus, spina-
lis), deep layer (transversospinalis group i.e. semispinalis,
multifidus and rotatores), and  minor deep layer (inter-
spinales, intertransversarii, levatores costarum) (Moore 
et al 2018). Te intrinsic deep muscles are enclosed by
fascia and are short muscles associated with the spinous
and transverse processes (Henson et al 2021).
Some of the intrinsic deep muscles of the back are 

shown in Figure 2.44, and a partial transverse section of 
the lumbosacral spine muscles is shown in Figure 2.45, 
which includes the sacrospinalis muscle i.e. erector spi-
nae group of muscles (Quiring et al 1960). 

http://creativecommons.org
http://creativecommons.org


   
 

    
  

   
 

    
 

58 Mechanical Lumbosacral Spine Pain 

  FIGURE 2.44 Some of the intrinsic deep muscles of the back: D = deep layer; I = intermediate layer; MD = minor 
deep layer. 

Source: Reproduced with permission from Gray H 1858 Anatomy of the Human Body. Philadelphia, Lea and 
Febiger. Public Domain.  https://commons.wikimedia.org/wiki/File:Gray389.png. Lettering modifi ed. 

  FIGURE 2.45 Partial transverse section of the lumbosacral spine muscles showing the location of the intrinsic 
back muscles and the layers of fascia associated with them and some of the abdominal wall muscles. 

Source: Reproduced with permission from Gray H 1858 Anatomy of the Human Body. Philadelphia, Lea and 
Febiger. Public Domain.  https://commons.wikimedia.org/wiki/File:Gray388.png. Lettering modifi ed . 

https://commons.wikimedia.org
https://commons.wikimedia.org


 

  
 

 
         

  
  

 

 
  

  

  
 

  

  
  

  
 

 

 
 

59 Summary of the Lumbosacral Spine 

Although the quadratus lumborum muscle is considered
to be a deep muscle of the abdomen it resides in the deep,
posterior, lateral, and inferior areas of the spine, involv-
ing the iliac crest, the transverse processes of the lumbar 
vertebrae (L1-L4), and the twelfth rib (Bordoni et al 2021).
Although the muscle tracts are listed separately, they 

form a functional entity (Rickenbacher et al 1985). T e 
clinical significance of back muscles is that their chief 
pathology is associated with muscle pain, as the mus-
cles develop spasms that may be debilitating—thus, the 
lower back muscles and the neck muscles are common 
causes of low back and neck pain, respectively (Henson
et al 2021). 

 Te spinal nerve  posterior ramus is responsible for trans-
mitting pain generated in the superficial fascia and the 
deep muscles of the back (Gharries 2018), while and the 
quadratus lumborum muscle innervation is from the spi-
nal nerve  anterior ramus of T12, L1, L2, L3 (Quiring et 
al 1960).
Chronic muscle pain remains a significant source of 

suffering and disability despite the adoption of pharma-
cologic and physical therapies; it is mediated by free nerve 
endings distributed through the muscle along arteries 
( Gregory et al 2014 ). Mechanical forces, ischaemia, and 
inflammation are the primary stimuli for muscle pain 
( Gregory et al 2014 ).     



 

 

 
 

 
 

 

    
   

 
 

 
  

 
    

     

   

  

  
 

          

Chapter  3 
GROSS ANATOMY AND HISTOLOGY OF THE LUMBOSACRAL SPINE 

 Abstract: Tis chapter illustrates lumbosacral spine anatomy using gross anatomy and histological images to include 
the spinal canal’s epidural space and some of its ligaments. Lumbosacral vertebrae, intervertebral discs, and cartilage 
endplates are shown in detail with emphasis placed upon the disc-cartilage endplate interface. Cartilage endplates 
play an irreplaceable role in maintaining the unique physiological environment within the disc with its interface 
allowing essential diffusion into the disc and removal of waste products of metabolism. Solute transport into the 
disc is discussed. Te basivertebral canal nerve bundle with recurrent meningeal nerves, entering the vertebral body 
posteriorly via the vascular foramen, with its branches extending toward the endplates, is illustrated. T e vertebral 
column blood supply is summarized, as is the importance of the vertebral spongy bone’s marrow spaces bounded by 
bony trabeculae. Arterial and venous systems of the vertebral bodies and their association with cartilage endplates, 
arterial and venous capillary buds, and adjacent haematopoietic marrow contact channels is illustrated. T e “three-
joint complex” is shown radiologically, anatomically, and histologically with the associated vertebral foramen and its 
contents. Issues relating to degeneration of the intervertebral disc and the zygapophysial facet joint hyaline articular 
cartilage are discussed. A series of 15 sequential 200-micron thick histological sections from the posterior nerve 
root ganglion in the mid-zone beneath the pedicle, and progressing to the exit zone, show that in a relatively normal
foraminal canal the neurovascular structures have an adequate areolar tissue buff er. 

Key words: epidural space, cartilage endplates, solute transport, basivertebral canal nerves, recurrent meningeal
nerves, vertebra blood supply, spongy bone, capillary buds/tufts, marrow channels, three-joint-complex 
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  Introduction and posterior longitudinal ligaments, the zygapophy-
sial joints, the ligamenta flava, the contents of the spinal 

The preceding neuroanatomical/neurophysiological canal, the left and right intervertebral foramina, and the 
background lays the foundation for the consideration of spaces between the adjacent spinous and transverse pro-
mechanical spinal pain syndromes that may arise from cesses, as well as the numerous ligaments between the 
the  motion segment (Figure 3.1), so named by Junghanns various small joints and vertebral arches and the corre-
in 1950 (Schmorl et  al 1971). T e motion segment con- sponding muscular parts (Schmorl et al 1971). Many dis-
sists of the IVD (with the  nucleus pulposus, annulus turbances originate from the motion segment and therapy 
fi brosus, and the cartilaginous endplates), the anterior .( Schmorl et al 1971 )restoration of normal functionis the  

DOI: 10.1201/9781003315964-3  60 
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61 Gross Anatomy and Histology of the Lumbosacral Spine 

  FIGURE 3.1  Schematic and not to scale parasagittal plane diagram of the motion segment surrounded in black. 
Te intervertebral disc is shown with its lamellae, nucleus pulposus, and cartilage endplates. Te endplates are within 
the ring epiphysis. Te nucleus pulposus is located slightly posteriorly within the disc, and the inner annular fi bres 
(lamellae) attach to the endplates with the outer annular fibres attaching to the ring epiphysis (Cailliet 1995). 

 Te following figures help to set the stage regarding 
overall orientation for the reader with respect to section-
ing planes of gross anatomical specimens and of histo-
logical sections, presented in this chapter: 

1. Figure 3.2A  is a lateral lumbosacral spine plain X-ray
image from a 70-year-old female cadaver with its cor-
responding sagittally bisected anatomical specimen 
( Figure 3.2B ). Sagittal and parasagittal histology sec-
tions are shown in  Figures 3.2C and D, respectively. 

2.  Figure 3.3 is an area of a parasagittally sectioned  
lumbar spine (L1–2 level) from a 52-year-old female
cadaver to show greater anatomical detail of spinal
osseous and soft tissue structures, particularly of 
the  spinal canal contents, at that level. 

3. Figure 3.4  is an axial histological view at the L5-S1 
level of a 36-year-old female cadaver, showing the 
contents of the spinal canal and intervertebral 

.reader 
 Sharpey’s fibres are found at the annular periphery

( Kush chayev et al 2018), and they pass from the discs into 
the bony ridges around the circumference of the adjacent
vertebrae and also into the cartilaginous plates on the 
opposing surfaces of the vertebrae (Rickenbacher et  al  
1985) (Figure 3.2C). 

foramina, with adjacent osseous structures. An 
anterior Hofmann’s epidural ligament (Hofmann 
1899) is demonstrated. An example of an anterior 
Hofmann’s ligament is also shown on an enlarged 
MRI axial scan view (Figure 3.5). 

All histological sections were stained with Ehrlich’s 
haematoxylin and light green counterstain, unless a dif-
ferent staining technique is described in the caption. 
In most captions the structures identified have been 

listed in alphabetical order for the convenience of the 



     

 
     

       
   

    
 

  

62 Mechanical Lumbosacral Spine Pain 

  FIGURE 3.2 (A) A lateral view X-ray image of the lumbosacral spine of a 70-year-old female showing vertebral 
bodies (B), with canal for basivertebral nerve and vasculature (C), intervertebral discs (D), intervertebral foramen 
(IVF), and superior and inferior vertebral notches (double headed arrow); inferior articular processes of the verte-
brae e.g. L3 vertebra (IAP) with its facet opposing the facet of the superior articular process (SAP) of the L4 vertebra 
below—combined they form the synovial zygapophysial joint or ‘ facet joint’ (dashed oval). P = pedicle; SP = spinous 
process; S1 = first sacral segment. (B) Sagittally cut anatomical specimen shown in (A). Vertebral bodies have a poste-
rior canal for the  basivertebral vasculature (BVC) and the  basivertebral nerve bundle (not seen at this magnifi cation); 
EV = anterior internal vertebral (epidural) venous plexus in the anterior epidural fat space; D = intervertebral discs; DT
= dural tube within the spinal canal containing the lower part of the spinal cord (C) that ends as the conus medullaris
(CM) and gives rise to the filum terminale  internum (FT); CE = cauda equina nerve roots with their blood supply i.e. 



    
 

  

 

 
   

 

 
   

 
  

 
  

  
    

   

  
    

    

 
     

      
      

  

    
   
     

  
      

   
   

63 Gross Anatomy and Histology of the Lumbosacral Spine 

FIGURE 3.2 (Continued) 
vasa radiculorum (VR); SP = spinous process. Spinal ligaments that can be seen in this plane are the: ALL = anterior 
longitudinal ligament that is intimately attached to the anterior aspect of the vertebral body, until it reaches the ver-
tebral endplate—at the level of the disc, the ligament is connected to the annulus fibrosus by fairly loose connective 
tissue (Postacchini et al 1999(b)); ISL = interspinous ligament; LF = ligamentum flavum; PLL = posterior longitudinal
ligament, the central portion of which is firmly attached to the vertebral endplates and adjacent discs but not to the 
concavity of the vertebral bodies, thus leaving an epidural fat space occupied by vessels entering—or exiting from— 
the vertebral body (Postacchini et al 1999(b)). SSL = supraspinous ligament. Te rectangle at the L3–4 disc is shown 
enlarged in (C). (C) Te nucleus pulposus (NP) is slightly posterior of central; the outermost lamellae (L) of the annulus 
fibrosus penetrate the vertebral body as Sharpey’s fibres (curved arrows) (Johnson et al 1982). ALL = anterior lon-
gitudinal ligament; CEP = cartilage endplate (hyaline). (D) A 150-μm-thick parasagittal histological darkfi eld section 
from a 75-year-old male cadaver showing the following structures. B =  bone plate’s ring epiphysis (see Figure 3.6) with
adjacent CEP that covers most of the vertebral body surface (partly shown) of the L3 vertebra; D = intervertebral disc; 
F = Sharpey’s fibres: (MRI is able to distinguish Sharpey’s fibres from the remainder of the annulus and nucleus (Yu
et al 1989)). L3 IAP = L3 inferior articular process; L4 = L4 vertebral body; LF = ligamentum flavum; P = pedicle. Note
the L4 body marrow spaces adjacent to both the intervertebral disc’s bony ring epiphysis (B) and the  cartilage endplate 
(CEP). Te L4 superior articular process (L4 SAP) facet’s hyaline articular cartilage (H) exhibits (1) adjacent marrow 
spaces in its normal upper half, but its  lower half has sclerotic changes obliterating the marrow spaces, as is the case 
with the entire opposing facet subchondral region—this represents eburnation, and (2) a dramatically enhanced nar-
row strip of acellular  lamina splendens forming its surface (Giles 1992(a)). 

Spinal Canal Epidural Space packed connective tissue, fat, a venous plexus, and small 
and Some of Its Ligaments arterial branches, lymphatics, and fi ne fi brous bands 

(meningovertebral ligaments) that connect the theca with
 Te epidural space lies between the spinal dura mater the lining tissue of the vertebral canal and are best devel-

and the tissues that line the vertebral canal (Figure 3.3); oped anteriorly and laterally, while similar bands tether 
it is closed above by fusion of the spinal dura with the  the nerve root sheaths or ‘sleeves’ within their canals 
edge of the foramen magnum and below by the poste- ( Newell 2008). Nerve endings are present in the epidural 
rior sacrococcygeal ligament, which closes the sacral space and the adjacent annulus fibrosus and (diZerega 
hiatus (Newell 2008). Te epidural space contains loosely et al 2010 ). 

   FIGURE 3.3  (A) Anatomical specimen cut in the  para-sagittal plane at the L1 and L2 vertebral levels of a 52-year-
old female illustrating the inferior articular process (IAP) of the L1 vertebra. Nerve root trunks (NRT) are invested
in pia mater and have vasa radiculorum blood vessels (BV)—the trunks pass to the L1–2 and L2–3 intervertebral 
foramina, respectively. Te lower nerve root trunk has been partially displaced from within the opened dural tube
(D) in order to show the arachnoid mater (A) that is elevated by a probe. E = epidural fat space anterolaterally; IVD 
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FIGURE 3.3 (Continued)
= intervertebral disc; LF = ligamentum flavum that is composed primarily of dense elastic fibres (Johnson et al 1982 ; 
Yahia et al 1990 ).  (B) Anterior displacement of the  posterolateral side of the dural tube (D) to display the postero-
lateral epidural fat space (EP) with posterolateral epidural ligaments (PEL). PLL = posterior longitudinal ligament. 
(C) Posterior displacement of the  anterolateral side of the dural tube (D) to display the anterolateral epidural space 
(EA) with anterolateral epidural ligaments (AEL). As illustrated, the epidural space also contains fat, blood vessels, and 
connective tissue folds. 

Source : Modified from Giles LGF, Introductory graphic anatomy of the lumbosacral spine. In: Giles LGF and 
Singer KP (eds) Clinical anatomy and management of low back pain, Edinburgh, Butterworth-Heinemann, © 
Elsevier, 1997(a), p. 35–48.

 Te parasagittal anatomical dissection (Figure 3.3)  Te lumbar (L3-S1) posterior epidural ligaments tether 
shows the general anatomy of the lumbar spinal canal, the dural tube to the ligamentum fl avum (Connor et al  
with associated structures, while demonstrating the rela- 2013) and may aid in the movement of CSF in the spinal 
tionship between nerve roots and their small diameter canal (Rimmer et al 2018). Te epidural space ligaments 
blood vessels (vasa radiculorum) (Parke et al 1985) as the tether the spinal dura within the vertebral canal, as well 
roots pass into the intervertebral foramina. T e human as the spinal roots (Kimmell et al 2011). 
lumbosacral spinal nerve roots in particular are structur- With regard to the anterior epidural space, Hofmann 
ally, vascularly, and metabolically unique regions of the (1899 ) ligaments are a normal anatomical fi nding, pres-
nervous system, and the peculiarities of their intrinsic ent at most levels, that attach to the anterior midline of 
vasculature and supporting connective tissue may account the dural tube and extend to the posterior longitudinal 
for suspected ‘neuroischaemic’ responses to pathological ligament, providing further support for the dural tube 
mechanical stresses and infl ammatory conditions associ- (Wiltse et al 1993; Tardieu et al 2016); specifi cally they 
ated with degenerative disease of the lower spine (Parke are present at most levels between C7 and L5, with the 
et al 1985). T is figure also shows the  epidural space , ante- majority of ligaments limited to a single vertebral seg-
riorly and posteriorly, that contains fat, blood vessels, and ment, although some cross several segments (Wadhwani 
connective tissue folds (Richardson et al 2005). Hofmann’s et  al 2004). Hofmann ligaments are anatomically vari-
(1899) three groups of anterior epidural ligaments i.e.  mid- able fibrous bands (0.5–28.8 mm in length) (Martinez-
line, lateral, and  lateral root epidural ligaments made of Santos et al 2021). Part of an anterior Hofmann ligament 
connective tissue bands or ligaments (Dupuis 1999) are complex, attached to approximately the anterior midline 
distinct from the posterior epidural ligaments (PEL) that of the dural tube, is shown histologically in a thinly cut 
connect the dural tube to the ligamentum fl avum (Connor axial section ( Figure 3.4 ). 
et al 2013), although no ligaments were identified at the An example of an anterior Hofmann ligament as seen 
L1-L2 level (Connor et al 2013). on MRI is shown in Figure 3.5 . 

  FIGURE 3.4  A 100-μm-thick axial view section from a 36-year-old female at L5-S1 level showing part of a  Hofmann 
anterior epidural ligament (arrow) between the anterior midline of the dura mater (D) of the dural tube and the pos-
terior longitudinal ligament (PLL). A = arachnoid mater; AC = ligamentous accessory capsule (Giles 1989); C = cauda 
equina within the CSF, which is contained within the arachnoid mater; E = epidural fat; H = hyaline articular carti-
lage on the zygapophysial joint’s facet surfaces; JC = joint capsule; LF = ligamentum flavum; NR = nerve root sleeve 
budding off from the dural tube; S = subdural space. 



    

 

 
 

  

  
    

    
  

 

 
 
 

      
  

 
 

    
 

 

 

    
   

     
    

  
 

   
 
 

     
 

 

     
    

 
    

    
  

   
  

  
    

 
   

 
 
     

 

  
 

   
   

   
 

 
  

      
   

   

 
 

65 Gross Anatomy and Histology of the Lumbosacral Spine 

  FIGURE 3.5 An axial T2-weighted MRI scan at the
L5-S1 level of a 55-year-old male showing part of a 
Hofmann anterior epidural ligament (long arrow) between
the anterior midline of the dural tube (DT) and the pos-
terior longitudinal ligament (PLL). E = epidural fat within
the intervertebral foramen; R = right side. 

Lumbosacral Vertebrae, Intervertebral 
Discs and Cartilage Endplates 

An axial view from above of a macerated ( Todd et  al 
1928) L4 vertebral body from a mature aged cadaver is shown
in Figure 3.6  to illustrate where the  hyaline articular CEP 
is normally situated within the ring epiphysis. Te CEP is 
supported by porous subchondral bone and it serves as a 

  FIGURE 3.6 T is figure shows a lumbar vertebra viewed 
from above to illustrate its narrow compact ossifi ed ring 
epiphysis (1) around the subchondral bony  vertebral plate 
of the vertebral body (2), with its many pores which are 
larger at the sides and less numerous centrally. T e hyaline
articular cartilage endplate normally exists within the ring
epiphysis and covers the bony vertebral plate. 

semi-permeable membrane to allow diff usive communi-
cation between disc nucleus cell and vertebral vasculature 
as well as to prevent large molecular weight proteoglycans
from leaving the nucleus space (Bailey et al 2011).

 Te cortical  bone plate possesses a marked poros-
ity and is invaded by channels that provide a direct link 
between hyaline articular cartilage and the subchon-
dral trabecular bone, and a high number of arterial and 
venous vessels, as well as nerves, penetrate through the 
channels and send tiny branches into the calcifi ed carti-
lage (Li et al 2013;  Madry et al 2010).

As the human IVD and the hyaline CEPs are inextri-
cably linked anatomically and physiologically, they will 
now be presented together. 

In adult males, the normal lumbar IVDs are approxi-
mately 5 cm wide and 1.25 cm thick and consist of a 
‘plate’ of  fibrocartilaginous annulus fi brosus sandwiched 
between two thin hyaline  CEPs ( Figure 3.2C ) (approxi-
mately 1 mm thick centrally and thinner peripherally) 
that are surrounded by a smooth bony epiphyseal ring 
and the  bone plate ( Stockwell 1979 ) ( Fig  ure 3.6 ).

 Te disc is the largest avascular structure in the human
body with some cells being up to 8 mm from the nearest direct
blood supply (Urban et al 2004). However, small off shoots of
spinal branches of arteries supplying the vertebral column  
form an anastomosis on the outer surface of the annulus 
fibrosus and supply its most peripheral fibres (Newell 2008).

The annulus fibrosus consists of concentric collag-
enous  lamellae that interlace obliquely as they spiral 
between their upper and lower attachments in the hya-
line CEPs; the  external lamellae of the annulus fi brosus 
pass direct to the bone of the bone plate (ring epiphysis) 
or to ligaments, and the gelatinous nucleus pulposus is 
enclosed by the annulus (Stockwell 1979) (Figure 3.2C). 

Fibrocartilage is a form of cartilage in which the matrix 
contains obvious bundles of thick collagenous fi bres, and 
it is present in the IVD—it is a combination of dense con-
nective tissue and cartilage with resistance to both com-
pression and shear (Ross et  al 1985). Fibrocartilage has 
small fields of cartilage blending almost imperceptibly
with regions of fibrous tissue, and it has no perichondrium
(Ross et  al 1985). Tere are approximately 90 lamellae 
between the nucleus pulposus and the posterior margin of
the lumbar IVD (Pope et al 1984), and these can tear due to
trauma, resulting in a posterior disc bulge or protrusion.

 Te disc is a complex assembly of extracellular  proteogly-
cans and collagens containing a relatively sparse population
of disc cells for synthesizing water-trapping proteoglycans
that contribute to the maintenance of disc hydration; annu-
lus fibrosus cellularity reaches a plateau after the age of 50
years, whereas nucleus pulposus cell density reduces with
age throughout life (Vernon-Roberts et al 2008).

 Te disc’s principal function is to confer limited  mobility 
on the spine and to act as a  shock absorber ( Urban et al 2007).

 Te biomechanical behaviour of the IVD ultimately 
depends on the viability and activity of a small popula-
tion of resident cells that make and maintain the disc’s 
extracellular matrix (Grunhagen et al 2011). 



    
  

 
    

      
  

  
 

 

   
 

     
  

       
      

       
      
   

   
   

  
  

 

   
  

  

    
 

    
   

  

 

  

   
  

    

66 Mechanical Lumbosacral Spine Pain 

Elastic fi bres are located only in the  lamellae of the annu-
lus fibrosus and the superficial zones of the nucleus pulpo-
sus from regions of the IVD that connect or interface with
osseous vertebrae and penetrate bony vertebrae and the 
hyaline cartilage as Sharpey’s fibres (Johnson et al 1982).
 Te IVD consists of three different structures: (i) a

gelatinous core called the nucleus pulposus, (ii) an outer 
ring of fibrous tissue named the annulus fibrosus that sur-
rounds the nucleus pulposus, and (iii) two hyaline CEPs
that cover the upper and lower surface of both the annu-
lus fibrosus and the nucleus pulposus and serve as an 
interface between the pliant IVD and the rigid vertebral 
body (Garcia-Cosamalon et al 2010 ). Tus the cranial and 
caudal  hyaline CEPs separate the vertebral bone from the 
disc itself and prevent the highly hydrated nucleus from 
bulging into the adjacent vertebra ( Moore 2006 ). 
 Te thin layer of hyaline  CEP (Joe et al 2015) in adults is

comprised of layers of calcified and non-calcifi ed cartilage 

(Roberts et al 1989 ;  Bae et al 2013) with the bony endplate 
only containing relatively few vascular channels (Zhang  
et al 2014). Chemical analyses of the CEP show a change in
composition through the CEP with that at the outer annu-
lus i.e. nearer the bone, having  higher collagen but lower 
proteoglycan and water content than the endplate near-
est the disc at the nucleus (Roberts et al 1989). Te CEP is 
composed of water, collagen, and proteoglycan (Raj 2008).
Using high-spatial-resolution MR imaging,  Bae et al 

(2013 ) showed that the morphology of the CEP region on 
MR images had a  bilaminar appearance, with a thicker 
upper layer and a thinner lower layer, that was consistent 
with the histologic appearance of layers of thicker uncal-
cified CEP (~ 1 mm thick) and thin calcified CEP (~ 0.1 
mm thick). 
An axial histological view (Figure 3.7) illustrates a sec-

tion cut across the  lowest level of the L4–5 IVD-endplate 
.interfacecartilage  

  FIGURE 3.7 A 100-μm-thick axial view histological section cut across the very lowest level of the L4–5 intervertebral 
disc-cartilage endplate interface of a 46-year-old male illustrating the  vertebral body (V) with its  cartilage endplate (CEP) 
and a  sliver of intervertebral disc (IVD). Te staining uptake of the CEP appears to indicate that it is composed of two 
types of chemically diff erent material, as the stained area of the CEP has two different colours within the thickness of this 
section. Note the small ‘approximately circular’  vascular channels (small arrows) seen in the CEP. A = arachnoid mem-
brane; BV = Batson’s venous plexus (anterior internal vertebral (epidural) plexus); D = dural tube containing  intrathecal 
cauda equina nerve roots; E = epidural fat that occupies the space around all structures within the  vertebral foramen (spi-
nal canal) and the  intervertebral foramen (dashed line); H = Hofmann’s anterior epidural ligament; HC = hyaline articular
cartilage on the facets of the zygapophysial joints with its characteristic tidemark (arrow); LF = ligamentum fl avum along
the length of the laminae bilaterally and extending anteriorly to wrap around the antero-medial region of the zygapophy-
sial joints (LF tailed arrow); (N) = nerve root ganglion as part of the neural complex within the intervertebral foramen. 



 

   
  

 
    

    
  

   
 

   
  

 
  

 
  

   

 
 

 
  

 
 

  
   

  

  
 

 
   

 
   

    

    
   
     

 
 

    

  
   

   
      

    
  

    
 
 
 

    
   

 

   
   

   
      

   
  

     

   
 

   
  

 

   
 

 
   

    

 

     
 

 

  
 

67 Gross Anatomy and Histology of the Lumbosacral Spine

 Te CEP has fibres that are organized parallel to the 
vertebrae and nucleus pulposus that may contribute to 
large shear strains and delamination failure of the CEP 
commonly seen in herniated disc tissue (DeLucca et  al  
2016 ).
 Te endplates act as a biomechanical interface by play-

ing an irreplaceable role in (i)  distributing loads between 
the bony vertebral body and the compliant soft tissues 
of the IVD, (ii) providing a balance between confl icting
biomechanical and  nutritional demands, (iii) providing a 
unique physiological mechano-electrochemical environ-
ment inside the disc, and (iv) acting as a gateway imped-
ing rapid solute diffusion through the disc (Wu et al 2017;
Fields et al 2018).

Diff usion —or solute transport—is the solute motion 
that occurs when a membrane separates fl uids that have
the same hydrostatic pressure but a different solute con-
centration (concentration gradient) (Gumina et al 1999),
and it is essential for the disc’s cellular activity and viabil-
ity ( Urban et al 2004).
 Diffusion through the CEP allows the transport of 

small nutrients (glucose, oxygen, amino acids) (Holm 
et al 1981), supplied by the endplate capillaries from 
blood vessels and numerous marrow spaces that abut the 
cartilage layer, to enter the disc and for waste products
e.g. lactic acid to exit the disc by the reverse route ( Urban 
et al 2004; Urban et al 2007; Lotz et al 2013) with venous 
drainage via the external and internal vertebral venous 
plexuses to the intervertebral veins, then to the larger  
named veins that drain the vertebral column ( Newell 
2008 ). Tus, the CEP plays a  critical role in disc nutrition 
(Moon et al 2013), especially at its central region (Ito et al 
2002) rather than the outer region of the CEP, and the 
outer portion of the annulus pulposus is entirely perme-
able (Gumina et al 1999). Nutrition of the disc is entirely 
dependent on this diffusion from the subchondral bone 
plate of the adjacent cancellous vertebral bodies (Hadley 
1964;  Epstein 1976; Newell 2008) that is perforated by 
numerous marrow spaces ( Stockwell 1979 ) ( Figures 3.6, 
3.7, 3.8).
 Te low magnification histological section in Figure 

3.8  was cut in the sagittal plane through the L5-S1 IVD of 
a younger cadaveric spine i.e. a 41-year-old male, in order 
to show the hyaline articular CEP appearance at this age. 
 Tus, the CEP plays an irreplaceable role in maintain-

ing the unique physiological mechano-electrochemical 
environment inside the disc (Wu et  al 2017), and this 
process of diffusion is essential for cellular activity and 
viability ( Urban et al 2004). In addition, some blood ves-
sels of the epidural space supply nutrition to the IVD 
(Gumina et al 1999).
CEP’s consist of many vascular components, which 

provide vital nutrients for bone growth and regeneration, 
and subarticular collecting veins underlying the cancel-
lous bony portion of the endplates branch and commu-
nicate and terminate in the  glomeruloid buds, which are 
highly vasoactive ( Rauschning 2016 ) ( Fig  ure 3.8   ). T us, 

  FIGURE 3.8 A lumbosacral disc histological section 
cut at 150 μm in the sagittal plane from a 41-year-old male. 
Note (1) the early internal disc disruption with small ante-
rior and posterior bulges of the disc, (2) the fi brocartilagi-
nous annulus fibrosus and the cartilage endplates (CEP) 
have a clear demarcation line between them, (3) the CEP 
contains numerous small capillary vascular buds (white 
arrows) associated with the arterial supply and venous 
drainage that takes place across the CEP (these capil-
lary buds drain to the subchondral post capillary venous 
network), and (4) the  haematopoietic subchondral mar-
row contact channels adjacent to the bone plate and CEP, 
respectively. 

improving the supply of nutrients and blood to the disc, 
even if it is slightly degenerating or painful, provides bet-
ter support and protection for the patient and remains 
the best treatment option (Rauschning 2016).
Because the lumbar spine carries significant forces and 

discs do not have a dedicated blood supply, endplates must
balance conflicting requirements of being strong to pre-
vent vertebral fracture and porous to facilitate transport  
between disc cells and vertebral capillaries (Lotz et  al 
2013 ). Te bone marrow compartment adjacent to the bony
endplate consists of hematopoietic cells, fat cells, sinusoids,
thin-walled capillaries, and nerves (Lotz et al 2013).
 Te CEP and both the  periphery of the annulus and the 

two  bone-cartilage interfaces can act as nutrient sources 
(Stockwell 1979). Nonetheless, the nutritional conditions 
of the disc are precarious—it is possible that the diurnal 
fluctuation in disc thickness, caused by expulsion and 
imbibition of fluid (Inman et  al 1947), might aid nutri-
tion although, should the  marrow contacts at the centre 
of the endplate become occluded, an inadequate supply of 
nutrient might cause deterioration of the disc tissue, as 
the  centre of the disc apparently receives its nourishment 
only from the  marrow spaces of the vertebra (Stockwell 
1979 ).
As the IVD provides a balance between biomechanical 

and nutritional demands, it plays a key role in the devel-
opment of disc degeneration and low back pain (Fields 
et  al 2018). Te incidence of IVD degeneration disease, 



  
   
 
    

 
    

      
 

  

   

 

 
      

       
  

 
   

     
 

 

      

 
 

       
   

   

  

68 Mechanical Lumbosacral Spine Pain 

caused by changes in the osmotic pressure of the nucleus 
pulposus cells, increases with age (Zhao et al 2020(a)). 
Furthermore, aortic  atherosclerosis and stenosis due 

to deposits in the posterior wall of the aorta ( Kauppila 
et al 1997 )—and in feeding arteries of the lumbar spine 
( Kauppila 2009 )—are associated with disc degeneration 
and low back pain. 
Using special MRI techniques with contrast,  Bydder 

et al 2001 and Bydder 2002 demonstrated solute trans-
port into the disc as well as within it (Figure 3.9). 
It has been suggested that constantly changing body

positions is important to promote flow of fl uid (nutrition) 
to the disc (Wilke et al 1999). 

Basivertebral Canal Nerve Bundle
 T e basivertebral nerve bundle, often in the form of 

paired nerves, originates from the  recurrent meningeal 
nerves (Figure 2.8B) and enters the vertebral body poste-
riorly via the central vascular foramen (Fischgrund et al 
2019) (Figures 3.10A  and  B) to course centrally within
the vertebral body, generally following the basiverte-
bral vessels and sending branches toward the endplates 
(Fischgrund et al 2019) (Figure 3.10A).
Brown et al (1997) found sensory and sympathetic inner-

vation of the vertebral endplate in patients with degenera-
tive disc disease, while  Antonacci et al (1998) confi rmed 

  FIGURE 3.9  Te lumbar spine is shown before contrast administration (A), one hour postcontrast injection (B), 
and 4 hours post injection (C). Transport of contrast into and within the disc is readily seen (arrows) as it crosses the 
cartilaginous endplate interface in the  postcontrast administration images. 

Source : Reproduced with permission from Bydder GM 2002 New approaches to magnetic resonance imaging 
of intervertebral discs, tendons, ligaments, and menisci. Spine 2002: 27(12): 1264–1268, DOI: 10.1097/0000 
7632–200206150–00005 . 

  FIGURE 3.10 (A) Basivertebral nerve (red) and vasculature (blue) entering the basivertebral canal and extending 
into the vertebral body.  (B) T2-weighted MRI sagittal scan of the lumbosacral region of a 34-year-old female (with low 
back pain) illustrates the L5 basivertebral canal (arrow) with the basivertebral neurovascular structures just posterior 
to the opening of the canal (tailed arrow) in a spine with L4–5 and L5-S1 disc degenerative changes. 

Source : (A) Reproduced with permission from Fischgrund et al 2019 Intraosseous basivertebral nerve ablation 
for the treatment of chronic low back pain: 2-year results from a prospective randomized double-blind sham-
controlled multicenter study. Int J Spine Surg.; 13(2):110–119. doi:10.14444/6015. ©2019 International Society 
for the Advancement of Spine Surgery. 

https://doi.org/10.1097/00007632%E2%80%93200206150%E2%80%9300005
https://doi.org/10.1097/00007632%E2%80%93200206150%E2%80%9300005
https://doi.org/10.14444/6015


 
 

      
  

 

  
  

  
 

     
 

  

   
    

 
    

  
    

 

  
 

     
 

    
 
 
 
 

  

 
 

  
  

 
   

  
  

 
   

  
   

  
 

  
 

 
    

 
   

     
   

       
     

   
 

 
   

  
  

  
  

 
  

   

69 Gross Anatomy and Histology of the Lumbosacral Spine 

the presence of neurovascular bundles and intraosseous 
nerves within the human vertebral body that may play a 
role in the clinical problem of back pain.
It is considered that, in some patients, the endplate is 

the source of most of the pathological innervation that 
occurs with disc degeneration and that this pain is trans-
mitted by the basivertebral nerve (Fischgrund et al 2019; 
Lotz et al 2013). Recent studies have shown a  vertebro-
genic model that involves the basivertebral nerve (whereas
historically the prevailing model of chronic low back pain
followed a discogenic model), and this has led to convinc-
ing evidence that basivertebral nerve ablation can be ben-
eficial (Kim et al 2020;  Urits et al 2021). 
In addition to vessels passing through the basiverte-

bral canal, capillaries enter the small pores in the corti-
cal shell of the vertebra to form an ‘arterial grid’ at the 
vertebral centrum, before branching and terminating 
just adjacent to the CEPs (Lotz et al 2013).
An example of how signifi cant disc, endplate, and  sub-

chondral bone damage can occur due to years of heavy 
manual labour involving repetitive mechanical strain 
and  overloading of these structures may appear on 
T2-weighted MR imaging is illustrated in Figure 3.11. It 
has been reported that the presence of disc herniation  
with CEP herniation may be ascertained with the follow-
ing MRI findings: posterior osteophytes, mid-endplate 
irregularities, heterogeneous low signal intensity of
extruded disc material, Modic changes in posterior [ver-
tebral body] corners and mid-endplates, and posterior 
marginal nodes (Joe et al 2015). Figure 3.11 shows some 
of these findings.    

  FIGURE 3.11 A T2-weighted MR image of the L4-S1
level from a 30-year-old female who had performed heavy
manual work most of her life and which resulted in low 
back pain and right sided intermittent radiation as far as 
the knee is provided as an example of  Joe et al’s (2015) 
findings. Note the Modic changes (small white arrows), 
mid-endplate irregularities (conjoined arrows), heteroge-
neous low signal intensity of extruded disc material (tailed
arrow), and the posterior osteophyte (black arrow). 

Endplate damage, which can start as site-specific
focal breaks, can result in a cascade of events resulting in
degeneration; in such a case, a CEP becomes sclerotic and 
loses contact with blood vessels, providing less nutrition 
to the disc and the CEP itself (Joe et al 2015). 

Vertebral Column Blood Supply 
A brief overview will now be presented of the spinal

column’s extensive vascular system, which is closely con-
nected with its surroundings and especially with the 
spinal canal and the spinal cord (Schmorl et  al 1971). 
Te various sized blood vessels  within the spinal canal 
are derived from an anterior and  posterior arterial and 
venous arcade that exists from the spinal arteries arising
from the vertebral artery superiorly and then the thoracic
and lumbar aorta—they anastomose with the anterior 
spinal artery running on the surface of the spinal cord, 
arising initially from the vertebral arteries of the circle 
of Willis (Richardson et  al 2005). Te vertebral venous 
plexus of Batson extends throughout the spinal canal and 
consists of valveless veins, so the direction of blood fl ow 
in these spinal veins is reversible (Schmorl et al 1971).
Schematic diagrams (Figure 3.12) show the  arterial 

and venous vessels anterior to the lumbosacral spinal col-
umn, which supply and drain the lumbosacral spine; the 
primary function of the pelvic veins is to  drain deoxygen-
ated blood and to return it to the heart (Dao et al 2021).
 Te supply to the  fifth vertebral level is from the median 

sacral artery (Crock et al 1977) that arises from the pos-
terior aspect of the aorta, just proximal to its bifurcation,
to descend close to mid-line over L4 and L5 vertebrae, 
sacrum, and coccyx and its distribution is to the inferior
lumbar vertebra, sacrum and coccyx (Moore et al 2018).
In addition, it should be noted that small nerve fi bres 

found in arteries and veins (nervi vasora) supply the 
adventitia (outermost wall of blood vessels) (Dorland’s  
1994) and trigger contraction of the smooth muscle in 
their walls (Betts et al 2019) and that small nutrient blood 
vessels in the walls of blood vessels (vasa vasora —liter-
ally vessels of the vessels (Ho et al 2017)) supply or drain 
the walls of the blood vessel (Dorland’s 1994). 



    
      
          

 

   
   

   

 
     

      
    

 
   

   
 

 

         

    
       

     
        

 
 

    
    

    

 
 

70 Mechanical Lumbosacral Spine Pain 

   FIGURE 3.12 (A) Four lumbar arteries arise in pairs from the posterior wall of the abdominal aorta and pass 
laterally on each side, remaining closely applied to the centre of the front and side of each L1-L4 vertebral bodies, 
as the  lumbar segmental arteries, until they reach the intervertebral foramina where each lumbar artery gives off 
the three main sets of branches shown in Figure 3.14. T e median sacral artery arises from the back of the aorta, 
just above its bifurcation, and it gives rise to small paired fifth lumbar arteries that course across the L5 vertebra to 
the intervertebral foramina (Crock et al 1977) as illustrated.  (B) Te external vertebral venous system is shown (as 
described in Gray’s Anatomy 38th ed.). Te system is subject to many variations—in the lumbar region, the veins are 
known as the  ascending lumbar veins and are connected by a variable series of longitudinally directed channels i.e. 
the  ascending lumbar veins and  lumbar azygos veins as shown. Te lower lumbar veins drain into the  inferior vena 
cava ( Crock et al 1977 ). 

Source : Lumbar spine and pelvis osseous structures courtesy of: Wellcome Library, London. Wellcome Images 
images@wellcome.ac.uk  http://wellcomeimages.org  Pelvis and base of spine. A set of anatomical tables William 
Smellie Published: 1754. Copyrighted work available under Creative Commons Attribution only licence CC BY
4.0  http://creativecommons.org/licenses/by/4.0/. 

Lumbar vertebrae consist of a thin shell of  com- numerous vascular foramina, some of which are shown 
pact [cortical] bone (Fig ure 3.13A) that covers the 
internal spongy cancellous bone (Figure 3.13D) and,  
as previously mentioned, it exhibits epiphyseal rings
superiorly and inferiorly completely surrounding the
hyaline CEP (Coventry et al 1945). Te CEP has vascu-
lar channels in the first three decades of life (Coventry 
et al 1945), although they may be found in older indi-
viduals to some degree. In addition, the vertebra has 

in Figure 3.13B and C, that allow blood vessels to pass 
.interior cancellous the into 

Red bone marrow lies entirely within the spaces of ver-
tebral spongy bone and consists of blood vessels, special-
ized units of blood vessels called sinuses and a sponge-like 
network of haemopoietic cells (Ross et al 1985). T e bone 
marrow is where circulating blood cells are produced—a 
process known as haematopoiesis (McLarnon 2021). 

mailto:images@wellcome.ac.uk
http://wellcomeimages.org
http://creativecommons.org


  
   

     

  

  

 

     
 

 

  
   

 
   

      
       

   
         

  
     

 
   

     
   

71 Gross Anatomy and Histology of the Lumbosacral Spine 

  FIGURE 3.13 (A) An axial view of the previously mentioned macerated L4 vertebral body (VB) from a mature aged
cadaver showing the narrow compact ossifi ed ring epiphysis (1) around the bony vertebral plate (2) that shows many 
pores which are larger at the sides and less numerous centrally. (Te epiphyseal ring may show calcification at ten 
years of age and ossification by adolescence (Hadley 1964)). A lateral view (B) shows some of the numerous vertebral 
vascular foramina that allow passage of blood vessels (arrows).  (C) A somewhat oblique view showing further verte-
bral vascular foramina and the important  basivertebral canal (arrow). Tzika et al (2021) found that 1 BVF occurs in
45.1% of specimens, 2 in 36.9%, 3 in 3.8% and 4 in 0.6%. Multiple small (< 1 mm) foramina occur in 10.1%, and asym-
metry in 12.3%. Te mean BVC depth is 12–21.8% of the VB anteroposterior diameter, and their distance was closer 
to the upper rim at T10-L4 and to the lower rim in L5.  (D) A magnified view of a coronal plane section from the L4 
vertebral body showing the interior of the bone’s spongy confi guration, consisting of numerous interconnecting mar-
row spaces of varying size bounded by bony trabeculae or spicules (Ross et al 1985) that are vertical and horizontal. 

A highly simplifi ed figure viewed from above ( Figure   Ratcliffe (1980 ), using fresh cadavers and contrast 
3.14), represents the basic  arterial supply to an upper material described three types of  intra-osseous arteries: 
lumbar vertebra and shows how the arteries arise in pairs equatorial, metaphyseal, and peripheral, each of which 
from the posterior wall of the abdominal aorta, the orifi ces supplies a separate zone of the lumbar vertebral body— 
for right-and-left sided branches at each level being sepa- the  equatorial arteries ( Figure 3.14 ) supply the central 
rated by only a few millimetres for the  four upper lumbar core of the vertebral body subjacent to the nucleus pulp-
vertebrae (Crock et al 1977 ). Tese vessels pass laterally on osus and are the main nutrient arteries; the  metaphy-
each side while remaining closely applied to the centre of seal arteries supply an annular zone of the disc while the 
the front—and side—of each vertebral body, until reach- peripheral arteries supply the outer collar of the verte-
ing the intervertebral foramina before passing backward bral body. 
to the tip of the spinous process ( Crock et al 1977 ). 
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  FIGURE 3.14 Schematic diagram illustrating the  seg-
mental lumbar arterial blood supply to an L4 lumbar ver-
tebra from the abdominal aorta (just above the level of its 
bifurcation into the left and right common iliac arteries). 
T e segmental lumbar arteries, in turn, give rise to the 
anterior abdominal body wall branch (A), posterior spinal 
branch (P), and the  spinal canal branch S; S1 =  anterior 
vertebral spinal canal branch; S2 = nervous system branch; 
S3 = posterior spinal canal branch (Crock et al 1977). Note 
the anastomoses between the nutrient and equatorial 
arteries to the centrum branches. 

With respect to the vertebral body, each lumbar artery 
gives off two sets of branches—supplying networks on the 
front and sides of vertebral bodies ( Figure 3.14 )—and short 
centrum branches that penetrate the  vascular foramina at 
regular intervals subjacent to the lumbar arteries ( Crock 
et al 1977). Teir terminal branches also penetrate the 
bone in the area adjacent to each vertebral endplate , while 
other branches form fine vertical networks on the surfaces 
of the longitudinal ligament and discs ( Crock et al 1977 ). 
Tese penetrating vessels are arranged in constant basic 
patterns  within the vertebral bodies ( Figure 3.14 ), with 
most of their branches destined to be focused on the  ver-
tebral endplate zones, and an arterial grid is formed in the 
centre of the vertebral body from which vertical branches 
ascend and descend, in slightly tortuous paths, toward the 
respective endplates, forming a  brush border of arterioles 
that pass  vertically into the vertebral endplate cartilage 
capillary beds ( Crock et al 1977 ) and provide  nutrition to 
the vertebral body and endplate structures.

Veins of the vertebral column are divided into two 
main vascular systems: (i) the  internal vertebral venous 
plexus and (ii) the  external vertebral plexus. A schematic 
diagram of the lumbar spine’s vertebral venous plexuses 
and their connections to the overall venous drainage is 
shown in Figure 3.15. 

  FIGURE 3.15 Schematic diagram illustrating the  segmen-
tal lumbar venous blood drainage for an L4 lumbar vertebra. 

A lateral lumbar diagram (Figure 3.16), illustrates the 
basic combined arterial and venous anatomy of the L1 to 
L3 lumbar spine structures. 
     Frymoyer et al (1989 ) illustrated the microvascular anat-

omy of cartilaginous end-plates with their capillary buds/ 
tufts, and Crock et al (1973 ) showed a fi ne subchondral 
postcapillary venous network, draining by short vertical
tributaries, to a horizontal collecting vein system communi-
cating with the basivertebral vein. 

   FIGURE 3.16 Illustration showing the basic arterial and
venous anatomy of the lumbar spine vertebral bodies, inter-
vertebral discs, vascular structures, and some ligaments. 



  

 

    
  

     

   
    

        
   

  

 
  

 

    
  

   
   

 
 
 

  

 

      
   

   
 

    

 

73 Gross Anatomy and Histology of the Lumbosacral Spine 

FIGURE 3.16 (Continued) 
1 = superior articular process; 2 = transverse process; 3 = 
lumbar artery and vein, respectively; 4 = inferior articular 
process; 5 = anterior longitudinal ligament; 6 = internal 
vertebral venous plexus; 7 = fibrous rings of intervertebral 
disc lamellae; 8 = nucleus pulposus; 9 = interspinous liga-
ment; 10 = basivertebral vein; 11 = ligamentum fl avum. 

Source : Part of a colour plate by Professor Paul Peck. 
Modified and reproduced from Atlas of Normal 
Anatomy, Medical Student Edition, T e Intervertebral 
Disks, Plate 2, 1956. Lederle Laboratories, American 
Cyanamid International, © 1974, Pearl River, N.Y. 

To summarize the aforementioned arterial and venous 
systems of the vertebral bodies, a highly schematic one 
plane diagram, superimposed on a median sagittal plane
anatomical specimen of the spine at the L3 and L4 ver-
tebral levels, is shown (Figure 3.17). Tis illustrates the 
basic principle of  arterial supply to and  venous drainage 
from the vertebral bodies and the IVD CEPs. 

  FIGURE 3.17 A sagittally sectioned L3 and L4 lumbar spine from a 70-year-old female, schematically representing 
part of the density of the vertebral intraosseous arterial branching within the spongiosa of the L3 vertebral body and 
the venous drainage at L4. Arterial supply is from an anterior spinal canal branch (A) that originates from the segmen-
tal lumbar artery and its  spinal canal branch, with branches from the nutrient arteries (3) and the equatorial arteries 
to form the  centrum branches (4) in the centre of the vertebral body. (See Figure 3.14 for a different schematic projec-
tion of the vertebral arteries using an L4 vertebra). 1 = cartilaginous endplate; (2) shows the arterial supply via capil-
lary buds/tufts in the CEP. Small short arrow represents the beginning of the radicular segmental/medullary artery. 
Venous drainage is via the  anterior internal (epidural) vertebral venous plexus (5) into which the  horizontal subarticu-
lar collecting vein (7) and the  basivertebral vein (8) drain. 6 = venous drainage through the CEP; ALL = anterior longi-
tudinal ligament; C = cauda equina with its blood vessels (vasa nervorum); D = dural tube; LF = ligamentum fl avum;
N = nucleus pulposus situated within the annulus fi brosus lamellae (L) that are partly shown schematically as black 
curved lines on the intervertebral disc above and that attach as Sharpey’s fi bres to the  bone plate (fused ring epiphy-
sis and CEP). Te white rectangle is enlarged in the insert to show an example of the extensive arterial and venous 
microcirculation of the vertebral body extending through its capillary bed within the hyaline cartilage endplate (CEP) 
and the subchondral cancellous bone (C) with its haematopoietic marrow contact channels through which capillary 
buds emerge (Ito et al 2002); the veins drain into the horizontal subarticular collecting vein (7) network as shown. (See
Crock HV and Yoshizawa H 1976 Blood supply of lumbar vertebral column. Clin Orthop and Related Res 115: 6–21). 



 

  

   
   

 
    

      
   

    

   
    

    
   

     
  

  
 

 
    

   
  

 

    
   

 
     

  
  

 
   

 
    

   
  

  
 

   
   

   
    

 
  

    

      

 
 

  
 

 

74 Mechanical Lumbosacral Spine Pain 

For explicit details of the arterial and venous circulation 
of the vertebral column and spinal cord, see, for example, 
the comprehensive text by Crock et al (1977 ) and, for 
microarteriographic studies of the adult human lumbar 
vertebral body, see  Ratcliff e (1980 ). 
A schematic diagram (Figure 3.18A) shows the plane 

(broken line) of a histological section cut  obliquely across 
the centre of the lumbosacral disc (seen anteriorly) with 
the spinal canal posteriorly. 

  FIGURE 3.18A Schematic diagram showing the axial
plane of sectioning for Figure 18B.

 Te histological details of this section, with its disc-
CEP-subchondral haematopoietic marrow space relation-
ship at the body of the sacrum, is shown in Figure 3.18B. 

  FIGURE 3.18B A 100-μm-thick axial histological
section, cut obliquely across the approximate centre of 
the intervertebral disc showing the spinal canal posteri-
orly at the L5-S1 level, from a 50-year-old male cadaver. 
Tis section illustrates how the intervertebral disc lamel-
lae (L) and the nucleus pulposus (NP) are closely related 
to (1) the cartilage endplate (CEP) (that appears thicker 
because of the obliquity of the section across the end-
plate), and (2) the  haematopoietic marrow contact chan-
nels of the sacrum (arrows). A = ala of sacrum; B = bone
plate; F = fibres attaching the periphery of the disc to the 
sacral body; NR = nerve roots within the dural sleeve in 
the spinal canal, which passes through the adjacent fora-
men to emerge beyond the foramen as the neural com-
plex (N); PSG = paraspinal sympathetic ganglion. 

Morphological changes to the hyaline CEPs are usually 
seen with advancing age but are also evident in associa-
tion with pathological changes of the nucleus and annu-
lus (Moore 2006) resulting from degenerative changes, 
likely of mechanical origin.  Figure 3.19 shows part of a  
magnified view of an IVD from an older male. 
With respect to hyaline articular cartilage on zyg-

apophysial synovial joint surfaces, this can eff ectively 
obtain nutrients from only two sources: (i)  synovial fl uid 
via the articular surface and (ii) blood in the subchondral 
bone marrow—in normal adult joints, the hyaline articu-
lar cartilage derives its  nourishment mainly via the  artic-
ular surface ( Stockwell 1979 ). Te cartilage discharges its 
metabolites via synovial fluid and the blood vessels of the 
adjacent bone marrow, as perforations in the subchondral 
bone plate allow capillaries from the marrow spaces to 
come into contact with 1–7% of the total osseous surface 
of the cartilage (Serafini-Fracassini et al 1974).
In normal zygapophysial joints, hyaline articular car-

tilage and the subchondral bone act as a functional unit 
(Imhof et al 1999; Menetrey et al 2010). However, repeti-
tive loading leads primarily to lesions in the subchondral 
region (including vessels), which in turn impede fl ow of 
nutrition to the zygapophysial joint’s articular cartilage,
resulting in degenerative joint disease, and the subchon-
dral region shows reactive enhanced vascularization and 
heightened metabolism with insuffi  cient repair (Imhof 
et al 1999). In addition,  vascular pathology plays a role in 
the initiation and/or progression of osteoarthritis , poten-
tially due to episodically reduced blood flow through the 
small vessels in subchondral bone and associated with 
reduced interstitial fl uid flow in the subchondral bone and 
ischaemia due to compromised nutrient and gas exchange
into the articular cartilage, a potential initiator of degener-
ative osteoarthritic changes in the cartilage (Findlay 2007;
Beckworth et al 2018) affecting the three-joint complex. 



  
   
   

 
 

  
   
    

  
  

       
 

  
   

  
 

  
 
 

  
    

 
    

   
  

   

   
    

75 Gross Anatomy and Histology of the Lumbosacral Spine 

  FIGURE 3.19 (A) A 100-μm-thick coronal section light microscope view, with corresponding darkfi eld view (B), 
respectively, of part of a histological section from an L4–5 intervertebral disc between the vertebral bodies of a  
76-year-old male cadaver. Note (1) the  subchondral bone plate (B) and the CEP are in close proximity to numerous 
haematopoietic marrow contact channels below; (2) the lamellae (L) of the annulus fibrosus inserting into the car-
tilage endplate (CEP), and (3) the dark staining  chondrons in the intervertebral disc that shows early internal disc 
disruption and degeneration.

 T ree-Joint Complex 
 Te spinal column contains two series of joints i.e.  

amphiarthrodial, formed by the IVDs, and the bilateral 
diarthrodial or true joints, formed by the inferior pair 
of articular processes hooking down behind the supe-
rior segments below i.e. the encapsulated zygapophysial
joints with their synovial lining and hyaline articular
cartilage ( Epstein 1976). Combined, these joints form 
the ‘three-joint complex’, also known as the  articular 
triad (Inoue et  al 2020), and together they transfer  
loads and guide and constrain spinal motions (Jaumard
et al 2011). 

 Te axial views in  Figure 3.20  at the L5-S1 level show 
an X-ray with its corresponding anatomical block of
tissue, from which the histological section was cut to
illustrate the three -joint complex and its associated 
structures. 
With respect to the term ‘three-joint complex’, it was 

first used by Dr H. F. Farfan (Kirkaldy-Willis 1999) to  
describe the intervertebral joint between the vertebral 
bodies (classified as a symphysis) ( Newell 2008) and the 
adjacent two synovial zygapophysial joints between their 
articular processes. In the normal spine i.e. one without 
the effect of anomalies, such as (i)  facet joint tropism 
(Giles 1987(b)), and (ii) sacral obliquity due to signifi cant 
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  FIGURE 3.20 (A) Axial X-ray view of the lumbosacral  three-joint complex (paired zygapophysial joints posteriorly 
and the vertebral body/disc joint anteriorly) from a 51-year-old female. Dotted oval = zygapophysial joint formed by 
the sacral superior articular process (S SAP) and the inferior articular process of L5 vertebra (L5 IAP); L = lamina; LF =
ligamentum flavum; M = muscle; P = pedicle; S = spinous process; V = vertebral foramen forming part of the spi-
nal canal. (B) Corresponding anatomical osteoligamentous specimen and its associated soft tissue structures. Small 
white arrows = epidural fat space containing the  anterior internal vertebral (epidural) plexus i.e. Baston’s venous 
plexus veins that are predominantly in the anterior spinal canal; arrow heads = nerve roots; D = dural tube; L = lam-
ina; M = multifidus muscle as part of the posterior musculature; S = spinous process; SL = supraspinous ligament. (C)
An axial plane 200-μm-thick histological section through the osteoligamentous block at the level of the intervertebral
foramina. A = arachnoid mater; E = epidural fat surrounding the dural tube (D) and extending into the intervertebral
foramina (IVF) containing the neural complex (N) on each side. Anteriorly, the epidural fat contains the anterior 
vertebral (epidural) plexus (B). Te recurrent meningeal nerves of small diameter are not visible at this magnifi cation.
Te zygapophysial joint capsule  anteromedially is formed by the ligamentum flavum (LF) and postero-laterally the 
fibrous joint capsule (JC). Te zygapophysial joint formation is by the sacral superior articular process (S SAP) and 
the inferior articular process (L5 IAP) of L5 vertebra. Black arrow = transforaminal ligament; C = cauda equina; IVD 
= intervertebral disc with internal disc disruption of some of its lamellae; M = muscle; PLL = posterior longitudinal
ligament; S = spinous process adjacent to the junction of the laminae. 

Source : Reproduced with permission from Giles LGF, Introductory graphic anatomy of the lumbosacral spine. 
In: Giles L G F, Singer K P (eds) Clinical anatomy and management of low back pain. Butterworth-Heinemann, 
Oxford, © Elsevier, 1997(a), p. 35–48. 
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(i.e. greater than 9 mm) LLI (Giles 1981;  Giles et al 1981), 
to cause additional abnormal stresses on the three-joint 
complex, it seems clear that degeneration within the 
three-joint complex is a multifactorial pathological pro-
cess including mechanical overloading stress (Imhof et al 
1997) and that degeneration of one joint infl uences the 
two remaining joints (Kirkaldy-Willis 1999;  Song et  al 
2019). Nonetheless, whether disc degeneration precedes
zygapophysial joint facet degeneration or vice versa is not 
clear. Te following have been proposed: 

1. Facet degeneration: Using skeletal lumbar spines, 
facet degeneration precedes disc degeneration (Eubanks 
et al 2007(a)). Using  anatomical specimens, Eubanks
et al (2007(b)) concluded that facet arthrosis is a uni-
versal finding in the human lumbar spine and that it
begins early with more than one half of adults younger
than 30 years demonstrating arthritic changes in 
the facets, the most common level appearing to be 
L4-L5 with men having a higher prevalence and 
degree of facet arthrosis than women. In addition, 
when a facet joint anomaly is present i.e. facet tro-
pism, it is significantly associated with lumbar disc 
degeneration (Song et al 2019). 

2. Disc degeneration: Using CT and MRI scans  Butler 
et  al (1990) concluded that disc degeneration pre-
cedes facet joint osteoarthritis. According to  Fujiwara
et al (1999), who also used CT and MRI to examine 
spines of patients, in the absence of disc degenera-
tion no facet joint osteoarthritis was found—most 
facet joint osteoarthritis appeared at the interverte-
bral levels with advanced disc degeneration. 

However, the method of assessing lumbar spine degen-
erative processes in the three-joint complex is important 
as, from personal experience using CT or MRI (neither of 
which may have the resolving power to see  early degen-
erative changes in patients), and examining skeletons, I 
believe these are not definitive methods. In addition, the 
Tesla strength of MRI units varies. Terefore, it appears 
that only post-mortem pathological examinations of the 
three-joint complex, using gross anatomical and histo-
logical studies, are likely to throw light on this complex 
issue. Tus, using post-mortem material for macroscopic
and histological examination Farfan (1973) found that, 
concomitant with degenerative changes in the disc and 
vertebral body, there is early development of bilateral 
osteoarthritic degeneration in the facet joints, beginning 
with fi brillation of the articular cartilage and superfi -
cial ulceration. Li et al (2011) undertook a similar study 
to look at the prevalence of facet joint degeneration in 
association with intervertebral joint degeneration from 
L1 to L5 using a sample of  organ donors i.e. 57 people  
aged 15 to 85 years (mean = 59 years) that were not part
of a patient population. Tey found that MRI scans from
only two spines (from 15- and 44-year-old males) showed
no IVD degeneration but showed early fibrillation on the 

facet articular surfaces when examined macroscopically 
and histopathologically; they concluded that facet joint 
degeneration is common, occurs early, and progresses 
with IVD degeneration. 
Among all the factors leading to disc degeneration, lum-

bar CEP degeneration is considered a key factor (Zhao et al
2020(b)), and in disc degeneration, sclerosis of the adjacent
bony endplate is considered to be responsible for decreased
diffusion and disc cell nutrition (Wills et al 2018).
 Te degenerative process of a lumbar disc is a cascading

event that is often attributed to cumulative damage to the
various spinal motion segment components ( Natarajan et al
2004) and probably any abnormal loading conditions upon
discs can produce tissue trauma and/or adaptive changes
that may result in disc degeneration (Stokes et al 2004).
An important chart showing the possible interac-

tion of the three-joint-complex i.e. facet joints and disc 
changes was provided by  Kirkaldy-Willis et al (1999) to 
illustrate the interactions between the facet joints and 
IVD during the three phases of degenerative spondylosis 
and stenosis. Postacchini et al (1999(b)) suggest that disc
degeneration is related to the amount of functional stress
to which the individual discs are subjected and that, in
all likelihood,  overloading an IVD will lead to the nucleus 
pulposus stressing its surrounding annular fi bres and to 
some degree of excessive load-bearing upon the facets. 
In addition,  Liang et al (2017) concluded that abnormal 
loading of discs was not only associated with disorders at
the micro-scale but also alteration of the collagen fi brils 
at the nano-scale, possibly leading to changes in the 
mechanical and physiological environment around the 
cells of the annulus fi brosus. 
To investigate degenerative spine changes Fields et al 

(2015) and  Pang et al (2018) used an ultra-short time-
2-echo (UTE) disc sign (UDS) and conventional 3-T 
MRI (T2W) to assess the UTE’s association with disc 
degeneration and included pain and disability profi les 
(Oswestry Disability Index)—they concluded that UDS
is a novel imaging biomarker that is highly associated
with degenerative spine changes, chronic low back pain,
and disability, over conventional T2W MRI. As gene 
expression circulating serum microRNA (ribonucleic 
acid) provides an insight into current disease states, 
Divi et  al (2020) used whole blood samples from 69 
patients with disc degenerative disease (DDD) and 16 
healthy controls to identify serum microRNA and con-
cluded that serum miR-155–5p is signifi cantly down-
regulated in patients with DDD and may be a diagnostic
marker for degenerative spinal disease as it was the sole 
miRNA that accurately predicted the presence of disc 
degeneration (P = 0.006).
Intervertebral disc changes have been given promi-

nence by many authors. For example, Tomaszewski 
et al (2015) reported that the IVD undergoes changes 
with (i) aging, and (ii) degeneration, the latter having 
two types i.e. ‘endplate-driven’, involving endplate 
defects and inward collapse of the annulus fi brosus, 



   
 

    
    

  
  

  
 
 
 

   
    

   
    

   
 

   
 

 
  

 
    
  

 
 

       
 

 

 

  
   

     
   

  
 
 
 
 
 

     

 
  

 

  
 

     
     

      
   

    
     

 

 

    

 
 
 
 
 

 
  

  
    

  
   

 
 

  
 

     
  

 

78 Mechanical Lumbosacral Spine Pain 

and (2) ‘annulus-driven’, involving a radial fi ssure and/ 
or an IVD prolapse. 
In a study of the role of the vertebral  endplate in 

low back pain,  Lotz et al (2013) showed that damaged 
endplate regions can be sites of reactive bone marrow 
lesions that include  proliferating nerves; for example, 
nerve fibre density across the L5-S1 level damaged
endplates of a 63-year-old female was higher than in 
normal endplate regions, and thus can be a source 
of chronic low back pain; its role in patients is likely 
underappreciated because innervated damage is poorly 
visualized with diagnostic imaging (Lotz et  al 2013).  
Using Dynamic Contrast-Enhanced MRI, Liu et  al 
(2009) showed that in vertebral  marrow perfusion of 
lumbar vertebral bodies between two  normal discs, 
compared to perfusion of vertebral bodies between two
degenerated discs, the blood perfusion was 14% less in 
the vertebral body marrow between two degenerated 
discs. 
With aging, the decrease in the number of capillaries 

in the vertebral body and peridiscal tissue  impairs disc 
nutrition and  favours degeneration of disc tissue (Holm 
et al 1981).
In summary, with advancing age (approximately 60–

73 years) the endplates consist of articular cartilage that
undergoes calcifi cation followed by resorption and replace-
ment by bone—age changes occur in the arterioles, cap-
illaries, and venules found in the nutrient canals or spaces
of the bone adjacent to the cartilage or disc; thus, calci-
fication of the articular cartilage and vascular changes 
seen in older vertebrae would  impede the passage of 
nutrients from the blood to the disc proper (Bernick et al 
1982; Grant et al 2016; Chen et al 2021), leading to IVD 
degenerative processes (Rudert et  al 1993) because  CEP 
transport properties dramatically affect nucleus pulposus
cell survival/function (Wong et al 2019). T e mechanism 
of low back pain caused by degeneration of lumbar IVDs
and vertebral cartilaginous endplate is believed to be 
caused by the increased synthesis of pain-causing factors,
such as calcitonin gene-related peptide and activation of 
the vertebral endplate trauma and aseptic infl ammation 
( Chen et al 2021). Degenerative endplate marrow changes
of the lumbosacral spine were examined by  Savvopoulou 

et al (2011) using dynamic contrast-enhanced MRI pro-
files related to age, gender, and spinal level, and they 
found that degenerative endplate marrow changes diff er 
significantly from normal marrow, regardless of the spi-
nal level, age, or gender. 
Excessive spinal loading and a lack of an appropriate 

nutritional supply may accelerate disc degeneration, in
addition to genetic predispositions as studies clearly indi-
cate that at high compressive forces catabolic eff ect and 
cell apoptosis (cell death) occur, whereas at more physi-
ologic compressions cell anabolic activities are favoured 
(Ito et al 2002).
 Te previous review strongly suggests that  endplate 

degenerative change would  adversely aff ect the three-joint 
complex in time and may be the chief cause of degenera-
tive IVDs and zygapophysial facet joints. 

Plain Lateral X-Ray Images of the 
Lower Lumbosacral Level 

Before presenting examples in Chapter 4  (Anatomical 
Atlas) illustrating anatomical and histological struc-
tures likely to be associated with pain arising from the 
IVDs, zygapophysial facet joints, and intervertebral
foramina of the human lumbosacral spine, two lateral
view plain X-ray images are shown. First, a lateral X-ray 
image of a 20-year-old male who experiences constant
central low back pain (L4-S1 level), with left sided radic-
ulopathy and left foot paraesthesiae and whose plain 
X-ray and MRI were reported as being  normal ( Figure 
3.21A). However, one must remember that normal  
imaging reports do not mean the patient does not have 
low back pain or radiculopathy. Second, a cadaveric 
lower lumbar spine X-ray image showing  degenerative 
changes at the L5-S1 level (Figure 3.21B). Plain X-ray 
images are used here as more sophisticated imaging 
scans, such as MRI or Computerized tomography (CT),
are not normally the first line of imaging for spinal pain
syndromes, unless there is a history of trauma or of a  
‘red flag’ condition. 
It is against this brief anatomical background that we 

now consider further histological/histopathological fi nd-
ings of the spine using histological sections. 
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  FIGURE 3.21 (A) An essentially normal lateral X-ray view of the lower, L3 to S1, spinal segments of a 20-year-old 
male with low back pain and left sided lower limb symptoms associated with radiculopathy, even though the L5-S1 
disc space height and the intervertebral foramen appear normal.  (B) An abnormal parasagittal X-ray view of the lower 
spinal segments of a 70-year-old female cadaver showing degenerative changes at only the L5-S1 level. Note: (1) thin-
ning of the L5-S1 disc space height (compared to the disc space height at L4–5) due to anterior and posterior bulging 
of the L5-S1 disc (curved dashed lines), (2) imbrication/subluxation of the L5-S1 opposing zygapophysial joint facets
(black lines) due to the disc space thinning causing the sacral superior facet osteophyte to project into the superior 
recess of the L5-S1 foramen (neural canal) and which will compromise the neurovascular structures within the epi-
dural fat of the foramen, (3) the inferior articular process of L5 (IAP) approximates the posterior surface of the fi rst 
sacral segment (S1), (4) sclerotic/eburnation changes seen as whitening of the subluxated opposing facet surfaces of 
the zygapophysial joint, and (5) minor sclerosis between the L5 somewhat enlarged (superior to inferior dimension) 
fifth lumbar spinous process and the adjacent sacral spinous tubercle (small arrows). Note that the L3–4 and L4–5 
disc heights are normal with normal facet alignment at these levels. 

Sectioning of Human Cadaveric Spines (7 × 8 cm) histological sections from osteoligamentous 
and of Fresh Surgical Specimens ‘blocks’ of human post-mortem spinal material were 

obtained for sectioning in the sagittal/parasagittal plane for Histological Examination ( Figure 3.22A ) and approximately axial (horizontal) planes 
 Te cadaveric histological sections were cut as shown ( Figure 3.22B ); these large ‘blocks’ took up to seven months 

in Figure 3.22  in order to histologically examine various to prepare for each specimen, using a modification of the 
motion segment changes in the lumbosacral spine—large technique designed for smaller blocks by  Giles et al (1983 ). 
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  FIGURE 3.22 Te majority of osteoligamentous blocks of tissue were cut approximately as shown for the lower 
lumbosacral spine for subsequent histological sectioning:  (A) lateral view showing the intervertebral foramina (IVF) 
and adjacent areas retained for  sagittal/parasagittal plane sectioning; (B) posterior view showing the lower lumbo-
sacral blocks of tissue for sectioning across the spine in the axial plane. Smaller blocks were retained for particular 
areas, e.g. anterior IVD regions, kissing spinouses, etc. 

Source : Reproduced with permission from Giles LGF 1992(b) Ligaments traversing the intervertebral canals of 
the human lower lumbosacral spine. Neuro-Ortho 13:25–38, Springer Nature.

 Te intervertebral foramen has three zones i.e. (i) diagrammatically shows the structures located within 
entrance zone (containing the lumbar nerve roots, cov- the intervertebral foramen where the nerve roots are 
ered by dura mater and bathed in CSF), (ii)  mid-zone covered by pia, arachnoid and dura mater as far as the 
(containing the PRG and the anterior motor nerve root spinal nerve, then the dura mater covering the roots 
(funiculus) covered by a fibrous connective tissue exten- gives rise to the dural sleeve. Terefore, depending on 
sion of the dura mater and bathed in CSF), and (iii)  exit the position of each histological section cut through the 
zone (containing the lumbar peripheral nerve which is block of osteoligamentous tissue, the structures within 
covered by perineurium ( Lee et al 1988 )).  Figure 3.23 the intervertebral foramen zones vary. 

   FIGURE 3.23 Te vertical dashed lines represent the parasagittal plane of sectioning of the blocks that was per-
formed at a thickness of 150–200 μm for all histological sections shown in this plane, depending on the overall size 
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FIGURE 3.23 (Continued)
of the block of spinal material. Te approximate regions of the  entrance zone (EN-Z),  mid-zone (interpedicular zone), 
and  exit zone (EX-Z) are shown. Te spinal nerve (SN) gives rise to the anterior ramus (root) (AR) and the posterior 
ramus (PR). P = pedicle; PRG = posterior root (spinal) ganglion; PSG = paraspinal sympathetic ganglion; R = recur-
rent meningeal nerve of Luschka (sinuvertebral nerve) with branches R1—ascending branch, R2—descending branch, 
R3—direct branch to the intervertebral disc; SC = spinal cord lateral area. 

Source : Modified from Kim HS, Wu PH, Jang I-T 2020 Lumbar degenerative disease Part 1: Anatomy and patho-
physiology of intervertebral discogenic pain and radiofrequency ablation of basivertebral and sinuvertebral  
nerve treatment for chronic discogenic back pain: A prospective case series and review of literature. Int. J. Mol. 
Sci 21(4): 1483. License granted  http://creativecommons.org/licenses/by/4.0/; Medart. 

As a result of the serial sectioning, it was possible to  boundaries of the intervertebral foramina are formed (1) 
visualize the neurovascular structures within the inter- anteriorly by the IVDs and adjacent vertebral bodies, (2) 
vertebral foramen from which every fi fth sequential posteriorly by the synovial zygapophysial joints, and (3) 
section was stained for light microscopy. For example, superiorly and  inferiorly by the vertebral notches of the 
the structures shown in Figure 3.24 show the sequen- pedicles of adjoining vertebrae (Berry et al 1995). In addi-
tial sections of the lumbosacral intervertebral foramen tion, the ligamentum flavum is illustrated as it forms part 
beginning, in this example, from the posterior nerve of the foraminal boundary. Each nerve is accompanied by 
root ganglion (PRG) in the  mid-zone beneath the pedicle a spinal artery, a small venous plexus, and its own recur-

.exit zone (Figure 3.23) and progressing to the  
 Tis series of sections from the left intervertebral  

rent meningeal branch or branches, together traversing 
the foramen (Berry et al 1995), but small structures are 

canal of a 78-year-old female’s spine illustrates that the not visible at this magnifi cation. 

http://creativecommons.org
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  FIGURE 3.24 T e first 200-μm-thick sequential section of the lumbosacral intervertebral foramen shows the 
boundaries of the bony canal, followed by its boundaries as the photomicrographs progress to the exit foramen. It 
can be seen that the neural complex in the lumbar region initially occupies the upper portion of the foramen, then 
gradually descends to the lower portion of the foramen. Tese sequential sections represent a distance of 15 mm from
the fi rst to the last histological section in this 78-year-old female’s spine. D = intervertebral disc; L5 = fi fth lumbar 
vertebral body; P = pedicle of L5 vertebra above with the sacrum (S1) shown inferiorly; S1 SAP = superior articular 
process of the sacrum with opposing inferior articular process (IAP) of fifth lumbar vertebra (L5 IAP); H = hyaline 
articular cartilage on the S1 facet surface; O = osteoarthrotic articular cartilage involving the facets; L = ligamentum 
fl avum. Some of the contents of the foramen are shown e.g. the neural structures that occupy the upper portion of 
the lumbar canal—PRG = posterior root ganglion with cell bodies of first-order sensory neurons, and the associated
anterior motor nerve root that lies anterior and below the PRG (arrow); BV = blood vessels; E = epidural fat. 
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In summary, the contents of the intervertebral fora-
men are the spinal ganglion, anterior spinal nerve root, 
recurrent meningeal nerve, spinal branch of the segmen-
tal artery or its branches, epidural fat, and numerous 
veins that connect the internal and external vertebral 
venous plexuses (Rickenbacher et  al 1985). In addition,  
within the intervertebral foramen, there are lymphat-
ics (Sunderland 1974), and it is interesting to note that 
latest research has established, beyond any reasonable 
doubt, that true lymphatic channels carry immune cells 
in meninges (Kumar et al 2019).
For simplicity, rather than describing the neural com-

ponents of each intervertebral foramen seen in most of  
the following Atlas figures, whether the foramen is sec-
tioned in the sagittal/parasagittal plane or in the axial 
(horizontal) plane, the smaller anterior motor nerve root, 
the larger posterior sensory nerve root and spinal gan-
glion together with their vascular and connective tissue 

coverings will be referred to by the term ‘neural complex’ 
as shown by ‘N’ in Figure 3.25B, whenever the structures 
are shown. In order to orientate the reader, all sagittal 
and parasagittal histological sections will be shown as 
depicted in Figure 3.25A  and B where the  vertebral body is 
always shown on the  left side of each histological section.
The PRG shown magnified in Figure 3.25C  consists 

of a group of cell bodies responsible for the transmis-
sion of sensory messages from various receptors to the 
CNS for a response (Pope et al 2013). It is surrounded by 
a thick protective layer of connective tissue (Haberberger 
et  al 2019) i.e. the epineurium. Te PRG neurons are 
considered to be pseudo-unipolar neurons, with a single
axon that bifurcates into two separate branches resulting
in a distal process and a proximal process (Ahimsadasan 
et al 2021).
 Te PRG serves as a vital link between the internal 

and external environment and the spinal cord, and it is 

  FIGURE 3.25 (A) A lateral view plain X-ray image of a 62-year-old-male cadaver, showing the L5-S1 intervertebral
foramen. Te rectangle represents the area deep within the foramen from which the 150 μm thick parasagittally sec-
tioned histological specimen shown in (B) was obtained.  (B) N = neural complex within the intervertebral foramen 
with associated extensive blood vessels in the epidural fat (E). H = hyaline articular cartilage within an osteoarthrotic
lumbosacral facet joint; IAP = inferior articular process of L5 vertebra; IVD = intervertebral disc bulging posteriorly 
with an associated osteophyte (O); LF = ligamentum flavum; P = pedicle of L5 vertebra; SAP = superior articular 
process of the sacrum.  (C) An enlargement of the intervertebral foramen to illustrate that the posterior root ganglion 
(PRG) consists of a group of sensory neuron cell bodies (appearing as various sized ‘dots’) enclosed within a thick 
outer connective tissue covering i.e. the  epineurium (arrows). 
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an important site of neuropeptide production and may 
be considered as the ‘brain’ of the functional spinal unit 
(Grönblad et al 1991(b)). It controls pain perception (noci-
ception) and temperature sensations and can be aff ected
by trauma, degenerative disc disease, a herniated disc, or
other spinal abnormalities (Krames 2014). Nervi nervo-
rum located on the PRG, as well as peripheral nerves, are 
mechanically sensitive nociceptors themselves; therefore,
the epineurium of the PRG may be directly activated by 
compression or mechanical stimulation of these nocicep-
tors (Grönblad et al 1991(b)). 
 Te blood supply to the posterior nerve root ganglion 

is by the spinal branch of the posterior trunk of the seg-
mental arteries and blood flow to the ganglion is regu-
lated by a muscular sphincter along the arterioles to meet 
the varying functional and metabolic demands of the 

current condition; the PRG is an exception to the other-
wise restricted permeability of the PNS as, while most of 
the PNS has a low permeability between blood and ner-
vous tissue, much like the blood-brain barrier, the PRG 
exhibits high permeability using its loose blood-nerve 
interface (Ahimsadasan et al 2021)
What then are some possible aetiological causes of  

mechanically induced spinal dysfunction and degenerative
spinal changes with pain that may be helpful to ‘lateral 
thinking’ in clinical decision making, once overt pathol-
ogy has been considered and discounted? 
As there are many putative causes of mechanical spi-

nal pain syndromes, a gross anatomy and histology Atlas 
will provide large histological colour specimens from the
human cadaveric lumbosacral spine to illustrate some 
possible causes of pain of mechanical origin (Chapter 4). 



 
   

 
 

  

 

     

  

  
  

Chapter  4 
 ANATOMICAL ATLAS 

Gross Anatomical and Histological Examples of Possible Causes of Non-Specific and Specifi c 
Spinal Pain Syndromes Due to Lumbosacral Spine Mechanical Dysfunction or Failure 

  Abstract: Tis chapter illustrates some human lumbar spine gross anatomical and histological examples of possible 
causes of non-specific, and specific, spinal pain syndromes due to lumbosacral spine mechanical dysfunction or 
failure. Some injuries affecting the three-joint-complex and the intervertebral foramen may result in mechanical low 
back pain with or without radiculopathy. Te highly vascular and innervated synovial folds in the inferior zygapophy-
sial joint recesses are demonstrated in detail using cadaveric specimens as well as fresh surgical specimens—the latter 
showed substance P antibody is present in the synovial folds, so pinching of the folds during movements may cause 
acute or chronic low back pain syndromes. A histological example of a joint capsule, beneath and separate from the 
ligamentum flavum, and enclosing the superior part of the zygapophysial joint, is presented. Examples of mechanical
injury to blood vessels between moving bony parts such as the superior articular process of a zygapophysial joint and 
the pedicle above would likely cause pain as may early zygapophysial joint cartilage degenerative changes. Some of the 
histological structures illustrated, and which may cause pain, may not be seen on imaging. Histological examples of 
various parts of the three-joint complex, including some intervertebral foramina, are presented. 

Key words: human lumbar spine, non-specific and specific spinal pain, spinal mechanical dysfunction, three-joint-
complex, intervertebral foramen, radiculopathy, synovial folds, cadaveric specimens, surgical specimens, substance P 
antibody, joint capsule, ligamentum flavum, zygapophysial joint, facet joint, histopathology 
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  T e following Atlas represents a collection of lumbosacral ( Manchikanti et al 2002 ). T ese joints have a rich inner-
spine anatomical and histological specimens illustrating vation with encapsulated, unencapsulated, and free nerve 
some possible causes of non-specifi c and specifi c spinal  endings and contain substance P and calcitonin gene-
pain syndromes due to mechanical dysfunction or fail- related peptide, which are known pain mediators ( Jadon 
ure. In some examples, only one of the joints from a given 2016 ; Beaman et al 1993 ) and the clinical presentation of 
three-joint complex will be provided as a photograph in  lumbar zygapophysial joint mediated back pain appears 
order to emphasize a particular degenerative change. to overlap considerably with the presentation of low back 
Nonetheless, as previously mentioned, it is important to  pain due to other aetiologies ( Dreyer et al 1996 ). T us,  it  
remember that degenerative processes in one joint will  is important to understand the detailed anatomy of these 
aff ect all three joints in the complex ( Kirkaldy-Willis et joints. What is known is that lumbosacral facet joint 
al 1999 ;    Song et al 2019 ). In addition, degenerative pro- degeneration, consistent with spinal osteoarthritis, is a  
cesses of the three-joint complex may also compromise  prevalent condition that can be associated with dysfunc-
the structures within the intervertebral foramen.  tion and low back pain; facet joint degeneration is a whole 
 Each fi gure has detailed labelling to enable it to stand  joint disease and involves many tissues that can contrib-

alone, so that the reader will not have to keep referring  ute to pain including the synovium ( Allison et al 2018 ).  
back to previous fi gures to identify structures.  T ere is a regular pattern of synovial fold structures  

within the zygapophysial joint capsules (ZJCs) of the 
Z ygapophysial (‘Facet’) Joints  human lumbosacral spine. In 1972 Tondury described 

these structures as various shaped ‘meniscoids’ although,  
 Chronic low back pain of facet joint origin represents  according to  Dörr (1958 ) they were fi rst described as  

a major healthcare problem as these joints constitute a  synovial folds  by Friedrich Henle (Anatomist and pathol-
common  source  of pain and remain a misunderstood,  ogist 1809–1885). Having looked at these structures by
misdiagnosed,  and  improperly treated pathology ( Perolat  dissection and histology, it is my experience that there   
et al 2018 ). In a study of 320 patients (121 men and 199  are two types of  synovial lined folds  and these anatomi-
women) the prevalence of facet joint pain based on dou- cal structures will now be shown in detail following an  
ble block injections was 38% in men and 43% in women orientation diagram.  
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1. Lower Lumbar Zygapophysial Joints and 
Teir Gross Anatomical and Histological
Structures (Figures 4.1 to 4.5)

 (A) Inferior Recesses
 Te largest synovial lined fat pads are found at the 

lumbosacral level, and  Figure 4.1  diagrammatically rep-
resents anatomical dissections at this level. 
Thus, zygapophysial joints have a fibrous joint cap-

sule posterolaterally and the joint is surrounded by the
ligamentum flavum anteromedially. These structures 

forming the capsule attach peripherally to the articular
facets of adjacent zygapophyses (Soames 1995). The cap-
sules contain two types of  synovial lined structures i.e. 
(i) large fat pads in the  inferior joint recess at L5-S1 level 
(smaller at higher lumbar levels),  smaller fat or fibro-
adipose pads in the  superior joint recess, and (ii) small 
fibrous structures of various shapes projecting a short 
distance towards the medial aspect of the joint from
the ligamentum flavum at approximately the mid-level
of the joint. 

FIGURE 4.1 (A) Shows part of the multifi dus muscle (M), the supraspinous ligament (S), the ligamentum fl avum 
(LF), and the posterolateral fibrous joint capsule (JC). L5 = inferior articular process of L5 vertebra; S1 = superior 
articular process of the sacrum. (B) T e multifidus muscle (M) and the supraspinous ligament (S) are refl ected to 
show (i) the inferior joint recess ligamentous ‘accessory’ capsule (AC) bridging from the inferior articular process of 
L5 to the ligamentum flavum and (ii) the extent of the extracapsular fat pad (EC) below the accessory capsule. (C) 
Te dashed line indicates the line of sectioning used to obtain the diagrammatic view shown in (D) and a similar 
histological view shown in (Figure 4.3). More laterally cut parasagittal sections will not show the large extracapsular
fat pad but will show the joint capsule and the lateral part of a zygapophysial joint. 

Source: Modified from: Giles LGF, Anatomical basis of low back pain. Baltimore, Williams and Wilkins, © 
Wolters Kluwer, 1989, p. 34. 

Images of the structures in the inferior joint recess are its long  extracapsular extension including its blood ves-
shown in Figure 4.2. Tis gross anatomical dissection sels, is shown in Figure 4.3. (See Figures 4.1C and D for 
shows a large synovial lined fat pad in situ at the lumbo- orientation.) 
sacral joint level of a 33-year-old male. An axial view diagram to show the  capsular anatomy 
A histological parasagittal section from the region of at the L5-S1 level (Figure 4.4) is followed by histological 

the ‘dashed’ line in Figure 4.1C showing the extent of the axial sections from the right lumbosacral zygapophysial 
synovial lined  intracapsular part of a synovial fold, with joint to illustrate this anatomy (Figure 4.5A and  B). 
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FIGURE 4.2 (A) Te left L5-S1 zygapophysial joint from a 33-year-old male cadaver that has been opened out to display
most of the large intracapsular synovial lined fat pad (ICSF) in situ in the inferior recess of the joint; the hyaline articular 
cartilage on the inferior facet of the fifth lumbar vertebra (HC L5) and on the sacral articular process (HC S1) can be seen.
Small arrows = a fringe of the synovial lined fat pad projecting into the lower region of the joint. (B) A magnified view of this 
structure. (C) Te synovial lined intracapsular part of the fat pad following its excision. BV = some blood vessels; arrow =
part of the intracapsular synovial lined fat pad region of attachment where it was excised; P = probe. (D) Te joint recess is
shown following removal of the synovial lined fat pad—part of the remaining portion of the synovial fold is shown (SF) as
well as part of the vascularity (BV) of the synovium lining the inner aspect of the capsule inferior to the L5 facet. Some of 
the vessels extend into the ligamentum flavum (LF). Te posterolateral fibrous joint capsule (JC) is refl ected. 

Source: Modified from Giles LGF, Anatomical basis of low back pain. Baltimore, Williams and Wilkins, © Wolters 
Kluwer, 1989, p. 27. 

FIGURE 4.3 A 150-μm-thick parasagittal histological section of an L5-S1 zygapophysial joint of a 74-year-old male 
cadaver to show the intracapsular synovial lined part of the fat pad (SF) that extends below the inferior joint recess as 
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FIGURE 4.3 (Continued) 
extracapsular adipose tissue (EC); it is limited posteriorly and inferiorly by multifi dus muscle fibres (M). Small arrows 
indicate some of the numerous blood vessels seen throughout the fat pad; D = intervertebral disc posterolateral protru-
sion into the intervertebral foramen; H = hyaline articular cartilage; L5 IAP = inferior articular process of the 5th lumbar
vertebra; N = neural complex within the intervertebral foramen; S = sacrum; S SAP = sacral superior articular process. 

FIGURE 4.4 Diagram of a zygapophysial joint with its associated soft tissue structures. (a) = the ligamentous 
accessory capsule at L5-S1; (b) = synovial fold; (c) = ligamentum flavum. JC = posterolateral fibrous joint capsule; L5 
IAP = inferior articular process of L5; S SAP = sacral superior articular process. 

Source: Modified from: Giles LGF, Anatomical basis of low back pain. Baltimore, Williams and Wilkins, © Wolters
Kluwer 1989. 

FIGURE 4.5 (A) and (B) Two ‘sequential’ cephalad to caudad 100-μm-thick axial view sections of the lower pole of 
the right lumbosacral zygapophysial joint of a 54-year-old male cadaver. (A) Shows a section where the ligamentous 
‘accessory’ joint capsule (AC) passes above the large synovial lined fat pad that passes beneath it. JC = fi brous joint 
capsule; LF = ligamentum flavum; L5 IAP = inferior articular process of L5; M = muscle fibres; P = periosteum; S SAP 
= sacral superior articular process; arrow = intra-capsular synovial lined fat pad. (B) A lower section that shows how 
the synovial fold passes through a gap in the capsule at this level. Black line represents 5 mm. 

Source: Tis article was published in JMPT 7(1), Giles LGF, Lumbar apophyseal joint arthrography, 21–24. 
Copyright Elsevier, 1984(b).

 (B)  Intra-Articular Synovial Folds—T eir such cases may free a synovial fold that has been trapped 
Histological Structure Including T eir between the facets of a zygapophysial joint (Giles 1987(a)). 
Innervation (Figures 4.6 to 4.10) A slightly oblique axial view of a histological section 

Clinical relevance: Synovial fold nipping or pinch- cut across the L5-S1 level of a cadaveric spine showing 
ing between bony surfaces can cause traumatic synovi- a large adipose synovial fold in its right inferior recess is 
tis (Giles 1986(a), Giles 1987(a), Giles et al 1987(b) with shown in Figure 4.6A, with enlargement of the synovial 
pain, as synovial folds have nociceptive nerves (Giles et fold in  Figure 4.6B . 
al 1987(a); Grönblad et al 1991(a)). Spinal manipulation in 
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FIGURE 4.6 (A) A 100-μm-thick slightly oblique axial histological section of the lumbosacral zygapophysial joints
at the level of the inferior joint recesses from a 54-year-old male cadaver. Tis shows a highly vascular intra-articular 
synovial fold (black arrow) with a fibrotic tip. A = arachnoid mater; B = Batson’s venous plexus (anterior internal
vertebral (epidural) plexus); BV = blood vessel; C = cauda equina; D = dura mater; H = hyaline articular cartilage; L5
IAP = inferior articular process of L5 vertebra; IVD = intervertebral disc; JC = posterolateral fibrous joint capsule; 
L = ligamentum flavum; N = neural complex; S = sacrum; SP = spinous process. A neurovascular bundle close to the 
left zygapophysial joint is shown by the tailed arrow. (B) Magnified view of the synovial fold with its numerous blood 
vessels (BV). Te rectangle represents an area of the synovial fold from which small sections of synovial fold tissue 
were resected for microscopy from surgical specimens. Te histological anatomy of such an area is shown greatly 
magnified in Figures 4.7 to 4.10. 

Source: Modified from Giles LGF, Taylor JR, Intra-articular synovial protrusion in the lower lumbar apophyseal 
joints. Bulletin of the Hospital for Joint Diseases Orthopaedic Institute 42(2): 248–255, 1982. With permission 
of the publisher. 

FIGURE 4.7 (A) A 30-μm-thick histological section showing part of the synovial fold from the lumbosacral zyg-
apophysial joint of a 45-year-old female patient who underwent a partial facetectomy during surgery to remove a pro-
truded intervertebral disc. Note the irregularly spaced synovial lining cells (C) in the synovial lining (intimal) layer. BV 
= blood vessels containing blood cells; J = joint ‘cavity’; S = interlocular fibrous septum in the subsynovial (subintimal)
layer. Tere is a rich blood supply and the unilocular fat cells indicate that synovial folds consist of white adipose tissue 



 

 
  

  
  

 

  
 
 

  
 
 

  
   

  
   

   
   

  

  
  

 

 
 

 91 Anatomical Atlas 

FIGURE 4.7 (Continued) 
in adults. Te rectangles highlight areas where numerous elastic fibres (E) run in various directions in the subsynovial 
tissue within interlocular fi brous septa. (B and C) High-power magnifications of the rectangles in (A) show the intra-
locular fibrous septa containing black-stained elastic fibres (E). Some of the blood vessels (BV) also show elastic fi bres.
(Modifi ed Schofield’s silver impregnation and Verhoeff’s haematoxylin counterstain). 

Source: Reproduced with permission from Giles LGF Human zygapophyseal joint inferior recess synovial folds;
a light microscope examination. Anat Rec 220: 117–124, 1988. © A.R. Liss, New York. 

An example of paravascular nerves from fresh synovial
fold surgical material is shown in Figure 4.8. 

FIGURE 4.8 Two paravascular axons (arrow) accom-
pany a blood vessel that is seen as a non-uniformly stained 
structure in the sub-synovial tissue from a 50-year-old 
female (L4–5 level) who underwent a partial facetectomy.
Te average diameter of the lumen of the blood vessel is
15 μm. (Modified gold chloride impregnation technique 
of Zinn DJ and Morin LP: Te use of commercial citric 
juices in gold chloride staining of nerve endings. Stain 
Technol 37: 380–382, 1962). 

Source: Reproduced with permission from Giles LGF
Human zygapophyseal joint inferior recess synovial 
folds; a light microscope examination. Anat Rec 220: 
117–124, 1988. © A.R. Liss, New York. 

Fresh surgical specimens that showed examples of Figure 4.9  using silver impregnation and gold chloride 
small diameter nerve fibres not associated with blood impregnation, respectively. 
vessels in synovial fold lining membranes are shown in 

FIGURE 4.9 (A) A montage of a 30-μm-thick section from the synovial fold of a 25-year-old male (L4–5 level) 
showing a free ending nerve fasciculus remote from blood vessels (arrows). F = fat cell; NF = nerve faciculus from 
near the tip of the synovial fold. (B) Montage of the L4–5 zygapophysial joint synovial fold from a 49-year-old male 
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FIGURE 4.9 (Continued) 
who underwent a partial facetectomy, showing the small nerve fibre (N) that appears to terminate as a ‘free ending’ 
nerve (NT) in the synovial lining membrane. Te average diameter of the nerve fibre between N and N is 1.1 μm. BV
= blood vessel; F = fat cell; R = reticular fi bres. (Modifi ed Schofield’s silver impregnation). Tere are both paravascu-
lar and non-paravascular nerves in the synovial fold’s lining membrane (Giles et al 1987(b); Grönblad et al 1991(a)). 
Te small diameter non-paravascular nerves are considered to have a putative function of nociception (Giles et al 
1987(a)). 

Source: (A) Reproduced with permission from Giles LGF, Taylor JR 1987. Human zygapophyseal joint capsule and 
synovial fold innervation Br J Rheumatol 26: 93–98 Copyright Oxford University Press—Journals, Oxford. (B) 
Reproduced with permission from Giles L G F 1988 Human zygapophyseal joint inferior recess synovial folds; a 
light microscope examination. Anat Rec 220: 117–124. © A.R. Liss, New York. 

Nerves with a putative function of nociception in likely plays an important role in causing low back and leg 
synovial folds, obtained during routine facetectomy sur- pain, although the synovial folds cannot be seen in great 
gery, were demonstrated using an immuno-fl uorescent detail, if at all, on routine MR imaging. 
Substance-P antibody technique (Figure 4.10A  and  B). In addition, when a zygapophysial joint’s capsule is 
Using radiographically localized injection of steroids mechanically torsioned between moving bony parts  

and local anaesthetic precisely into the facet joint as a thus leading to joint effusion and distension, this may 
diagnostic therapeutic procedure,  Mooney et al (1976)  cause  nerve root pain due to pressure on the nerve root 
demonstrated that structures related to the facet joint (Ghormley 1933) or due to direct diffusion of chemical 
can be a persistent contributor to chronic pain com- mediators of infl ammation arising from irritation of the 
plaints of individuals with low back and leg pain. T is posterior facets (Haldeman 1977). 
supports the concept that synovial fold pinching most 

FIGURE 4.10 (A) and (B) 80-μm-thick histological sections from the synovial fold of a 25-year-old male obtained 
at surgery. T e fluorescent nerves illustrated have an approximate average diameter of 6.3 μm (Figure A) and 3.1 μm 
(Figure B). 

Source: (A) Reproduced with permission from Giles LGF and Harvey AR Immunohistochemical demon-
stration of nociceptors in the capsule and synovial folds of human zygapophyseal joints. Br. J Rheumatol 
26: 362–368, 1987. Copyright Oxford University Press—Journals, Oxford. (B) Reproduced with permission
from Giles LGF, Anatomical Basis of Low Back Pain. Williams and Wilkins, Baltimore, © Wolters Kluwer, 
1989 p. 67–82. 
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Zygapophysial Joint Synovial Cysts (Figure 4.11) 
A further zygapophysial joint structure that may 

develop due to the joint structures being subjected to 
mechanical forces is an intraspinal synovial cyst asso-
ciated with a degenerative facet joint (Hsu et al 1995). 
Tis can cause low back pain, with or without radicu-
lopathy. Once it enlarges, it should be seen on MR  
imaging (Figure 4.11). Tis patient had experienced 

mild low back pain, of unknown aetiology, for approxi-
mately five years, with periodic left or right lower limb 
radicular pain. 

Synovial cysts can be shown particularly well using 
3D CISS gradient-echo MRI sequencing (Li et al  
2019 ). 

(C) Mid-to-Upper Region of Lumbosacral 
Zygapophysial Joint Recesses and T eir
Histological Structure (Figure 4.12) 

An axial section from the upper half of a cadaveric 
lumbosacral zygapophysial joint (at the intervertebral
foramen level) of a 54-year-old-male is shown in Figure 
4.12  to illustrate the fibrous type of synovial lined struc-
tures, at approximately the mid-joint level, projecting 
from the ligamentum flavum to the lumbar zygapophy-
sial joints. 

FIGURE 4.11 A 68-year-old male’s MRI axial 
T1-weighted series of images of the L4–5 zygapophysial 
joints. Note the hypertrophy of the ligamentum fl avum 
bilaterally (white arrows) causing a degree of trefoil ste-
nosis of the central canal and the lateral recesses, and the 
intraspinal synovial cyst on the left side that bulges into 
the spinal canal, compressing the dural tube (D) and, to 
some extent, the left nerve root at this level (small tailed 
arrow). 

Source: Reproduced with permission from Giles LGF  
100 Challenging Spinal Pain Syndrome Cases, Churchill 
Livingstone Elsevier, Edinburgh, 2009, © Elsevier. 

FIGURE 4.12 A 100-μm-thick horizontal section from the upper half of the lumbosacral zygapophysial joint of 
a 54-year-old male cadaver cut through the intervertebral foramina. Tailed arrow shows a fibrous synovial lined 
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FIGURE 4.12 (Continued) 
intra-articular inclusion projecting a short distance from the ligamentum flavum into the right zygapophysial joint.
B = part of Batson’s epidural venous plexus; H = hyaline articular cartilage on the sacral superior articular process; L = 
ligamentum flavum; N = neural complex; S = sacrum. 

Source: Tis article was published in Clin Biomech 2, Giles LGF Lumbo-sacral zygapophyseal tropism and its 
effect on hyaline cartilage p. 2–6, 1987(b), © Elsevier. 

(D) Upper Pole of a Lumbosacral separating the ligamentum flavum from the joint cap-
Zygapophysial Joint Recess (Figure 4.13) sule during their dissections—they did not illustrate the 

A parasagittal section cut through the L5-S1 joint of actual anatomical relationship between the capsule and 
a cadaver shows a synovial lined fi brous intra-articular the ligamentum flavum that is shown in Figure 4.13. 
structure in the upper pole of the joint (Figure 4.13). Lowis et al (2018) noted that the anatomical features
 A capsule bridging across the upper pole of the joint, of the facet joint recesses do not have a direct communi-

in close proximity to the ligamentum flavum, has also cation between the facet joint cavity and the retrodural 
been noted by  Sato et al (2002) who found diffi  culty in space. 

FIGURE 4.13 A 150-μm-thick far lateral parasagittal plane histological section from a 40-year-old male cadaver’s 
spine, cut vertically. Tis illustrates (1) the cartilage endplates (CEP) adjacent to the L5-S1 intervertebral disc’s lamel-
lae surrounding the nucleus pulposus (NP); (2) the lower region of the intervertebral foramen (IVF), with part of its 
neural complex (N); (3) the ligamentum fl avum (L) that encloses the superior pole of the zygapophysial joint where 
there also is a distinct capsule (C) bridging across the upper pole of the joint (from the sacral superior articular 
process (S1 SAP) to the L5 inferior articular process (L5 IAP), a synovial lined fi brous intra-articular structure (F) 
projecting from the capsule a short distance into the upper pole of the joint. JC = fibrous joint capsule inferiorly. T e 
section has been cut beyond the region of the large intracapsular fat pad that is normally seen in the inferior joint 
recess. Te postero-lateral disc herniation, with posterior extrusion of part of the nucleus pulposus (NP), has resulted
in some thinning of the disc space height, causing some degree of imbrication/subluxation of the L5-S1 articular pro-
cesses, leading to early osteoarthrotic degeneration (O) in the upper regions of the opposing facets and their hyaline 
cartilage. In addition, note the small blood vessels within the posterior part of the herniation and part of the adjacent
Sharpey fibres (S). Te postero-lateral disc herniation compresses some small blood vessels (BV) between it and the 
ligamentum fl avum. Tus, there are several potential causes of low back pain generators in this specimen. 

While routine MR imaging would show the posterolateral disc herniation and early subchondral sclerosis, it
would not be likely to show the remaining pathological changes that may cause low back pain. 
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2. Lumbar Ligamentum Flavum
(Figures 4.14 and 4.15) 

 (A) Axial Section 
An axial view through the intervertebral foramen level 

of the lumbosacral zygapophysial joints shows that bilat-
eral vascular channels pass into the ligamentum fl avum 

a short distance from the joints (Figure 4.14). In addition, 
there are blood vessels on the lateral sides of the ligamen-
tum fl avum. Tese blood vessels show that the ligamen-
tum flavum has a limited vascular supply due to a few 
small vessels with an average diameter of 10 microns in 
the superfi cial part. 

FIGURE 4.14 (A) A 100-μm-thick axial view section from the lower half of the lumbosacral zygapophysial joints of 
a 54-year-old male cadaver showing regions of bilateral vascular channels (dashed rectangles). a = bilateral vascular 
channels; b = blood vessels in the ligamentum flavum laterally. N = neural complex; B = part of Batson’s venous plexus; 
IVD = intervertebral disc; L = left side of specimen. (B) and (C) represent magnification of the rectangles (a) and (b), 
respectively. (B) Zone ‘a’—vascular channel in the ligamentum flavum on the spinal canal side of the ligamentum 
fl avum. BV = blood vessel; VC = vascular channel; LF = ligamentum fl avum. (C) Zone ‘b’—blood vessels (BV) in the 
lateral part of the ligamentum flavum (LF) adjacent to the inferior joint recess. IASF= intra-articular synovial fold 
adjacent to the ligamentum fl avum. 

Source: Modified from: Giles LGF, Anatomical basis of low back pain. Baltimore, Williams and Wilkins, © 
Wolters Kluwer, 1989. 
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 (B) Coronal Section of a histological section cut in the coronal plane ( Figure 
An anatomical model ( Figure 4.15A ) shows the location 4.15B ) illustrating the zygapophysial joints in this plane. 

FIGURE 4.15 (A) L3-L4 vertebral model. Te rectangle represents the block of tissue that was cut for histological pro-
cessing. Te dashed line shows the plane of coronal serial sectioning, which represents the approximate position of the 
histological section through the facets in (B). A = accessory process; M = mammillary process; P = pedicle; T = transverse 
process. (B) A 100-μm-thick histological section cut in the coronal plane, as shown by the dashed line on (A), from a 
36-year-old female cadaver. Te section is slightly oblique as the mamillo-accessory ligament is clearly seen enclosing the
medial branch of the posterior primary ramus (N) on the left side of the specimen, whereas the mamillo-accessory ligament
is not present on the right side where the medial branch of the posterior primary ramus (N1) is seen. A = accessory process;
JC = fibrous capsule inferiorly. LF = ligamentum fl avum. Te ligamenta fl ava join at the junction of the laminae, but the 
left and right ligaments are partly separated between the spinous processes; CS = fibrous capsule superiorly with an adja-
cent small fibrous synovium lined structure (S); H = hyaline articular cartilage on the superior articular process of the L4
vertebra forming part of the zygapophysial joint; L = lamina of the L4 vertebra; P = pars interarticularis of the L4 vertebra. 

Source: Tis article was published in J Manipulative Physiol Ter. 14, Giles LGF, Te relationship between the medial
branch of the lumbar posterior primary ramus and the mamillo-accessory ligament, 189–192, © Elsevier 1991. 

Having examined the anatomy of the lumbosacral zyg- specimens is used to provide further examples illustrat-
apophysial joints and their synovial folds in this chapter, ing why mechanical lumbosacral spine pain may occur 
and the sacroiliac joints in Chapter 2, both from diff erent in some individuals without there being obvious imaging 
anatomical planes in cadavers, the following collection of fi ndings. 



 
  

  
 

 

 

 

   
 

   

 
   

  

   

 
   

     
 

    
  

 
 

 
 

   
 

 
 

 
    

   

  

 
 

  
 

 

    

 97 Anatomical Atlas 

3. Multifactorial Degenerative Changes at One 
Level of the Spine (Figures 4.16A and B)
Clinical relevance: It has been known for many years 

that pain of vascular origin is a recognized clinical phe-
nomenon, but the blood vessels vary in sensitivity within
relatively wide limits (Kuntz 1953). Te sympathetic ner-
vous system primarily innervates blood vessels ( Tucker et 
al 2021) and the  recurrent meningeal nerves are distrib-
uted to the contents of the spinal canal including blood 
vessels (Moore et al 2018). Tus, trauma due to pinching 
of the blood vessels between the superior articular pro-
cess of the sacrum and the pedicle above (Figures 4.16A 
and B) would most likely result in pain. In addition, pres-
sure upon blood vessels may cause pain due to venous 
stasis and ischaemia (Sunderland 1975;  Hoyland et al 
1989; Jayson 1997). It is unlikely that this potential source
of mechanical lumbosacral pain would be seen on MRI.
Furthermore, such pinching could cause traumatic 

haemarthrosis that has been observed during surgery  
following zygapophysial joint injuries (Dr Ian Macnab, 
Personal communication 1983) resulting in pain. It 

should be noted that haemarthrosis is known to lead  
to cartilage damage, perhaps within two days of injury 
(Jansen et al 2007).
An example of (i) trauma to blood vessels between mov-

ing bony parts, (ii) posterolateral disc protrusion into the
intervertebral foramen, and (iii) perineurial fi brosis sur-
rounding the neural complex within the intervertebral 
foramen is shown in Figure 4.16A).
Figure 4.16B  presents another example of likely trauma

to blood vessels between moving bony parts. It shows 
a highly vascular connective tissue adhesion, between 
the neural complex and the fibrotic synovial fold, that 
is vulnerable to pressure between the superior articular 
process of the sacrum and the pedicle of the L5 vertebra 
above—this may well result in pain of ischaemic origin 
( Sunderland 1975 ).
It is unlikely that compression of the small blood ves-

sels between the adjacent L5 and S1 bony surfaces would 
be seen on routine MR imaging, and this compression  
may generate pain due to vascular stasis and ischaemia 
(Sunderland 1975;  Hoyland et al 1989 ;  Jayson 1997). 

FIGURE 4.16 (A) A 150-μm-thick parasagittal histological section at the lumbosacral level showing the interver-
tebral foramen (IVF) containing the neural complex (N) within its upper region and an associated blood vessel (V).
Tere appears to be perineurial fibrosis (PF) surrounding the neural tissue. Note the blood in the small blood vessels 
(V) in the upper pole of the zygapophysial joint that are vulnerable to being pinched between the adjacent L5 and S1
bony surfaces; such pinching could lead to bleeding within the zygapophysial joint; D = disc protruding posterolater-
ally into the intervertebral foramen, possibly causing discogenic pain (Shayota et al 2019). Te narrowing of the fora-
men causes deformation of some blood vessels may result in pain of ischaemic origin (Sunderland 1975). H = hyaline 
cartilage on the imbricated L5 and S1 facet (F) surfaces of the zygapophysial joint; LF = ligamentum flavum; P = pedicle 
of the L5 vertebra. 

Source: Reproduced with permission from Giles LGF, 100 Challenging Spinal Pain Syndrome Cases, Edinburgh, 
Churchill Livingstone Elsevier, © Elsevier, 2009. 
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FIGURE 4.16 (B) A 100-μm-thick parasagittal histological section of the left lumbosacral intervertebral foramen 
from an 82-year-old female cadaver showing how the neural complex (N) (enlarged on the right) and the fi brous 
intra-articular synovial fold (arrow) in the superior joint recess have become attached to each other via a highly vas-
cular connective tissue adhesion (tailed arrow). Pinching of this highly vascular structure would most likely cause 
pain. D = degenerating intervertebral disc with adjacent small osteophytic spurs (O) superior and inferior to the disc
margins posterolaterally; E = eburnation (sclerosis) of the inferior aspect of the pedicle (P) of the L5 vertebra; H = 
hyaline articular cartilage on the subluxated/imbricated facet surfaces on each side of the zygapophysial joint shows 
osteoarthrotic changes of cartilage fibrillation (particularly on the inferior articular process of L5), with subchondral 
eburnation (E) due to abnormal biomechanical stresses resulting from the subluxation of the joint facets where the 
superior articular process of the sacrum has ridden up towards the pedicle above; L = ligamentum flavum on the 
superior articular process of the sacrum (S). Note the numerous blood vessels (V) within the intervertebral canal’s 
foramen (IVF). 

Source: Reproduced with permission from Giles LGF, A review and description of some possible causes of low 
back pain of mechanical origin in homo sapiens. Proc Aust Soc Hum Biol 4: 193–212, 1991(b). 

A plain X-ray examination would not be likely to reveal the neurovascular adhesion, so the report may well
not refl ect the true extent of pathology causing a patient’s low back pain. Sophisticated MR imaging may 
show the neurovascular adhesion. 



   

 
 

  
 

   

    

  

  

  
 

 99 Anatomical Atlas 

4. Blood Vessels Mechanically Tractioned vascular pain (Wyke 1980), as the sympathetic nervous 
by Zygapophysial Joint Osteophytes 
(Figure 4.17)
Clinical relevance: Mechanical irritation of nerve 

endings located in the walls of the vertebral vessels, as 
a result of excessive distention of the vessel, may cause 

system primarily innervates blood vessels ( Tucker et al 
2021) and the  recurrent meningeal nerves are distributed 
to the contents of the spinal canal including blood vessels 
(Moore et al 2018) and the intervertebral foramen blood 
vessels. 

FIGURE 4.17 A far lateral parasagittal histological section of the L4–5 intervertebral foramen of a 79-year-old 
male cadaver. Te blood vessel (B) is deformed and tractioned by an osteophytic spur (O) projecting from the superior 
articular process of the L5 vertebra (L5 SAP). Te blood vessel conforms to the contour of the osteoarthrotic joint.
C-L = joint capsule-ligamentum flavum junction; H = hyaline articular cartilage; L4 IAP = inferior articular process 
of L4 vertebra; N = neural structures within the intervertebral foramen. 

A plain X-ray examination may show the osteophytic spur but not the soft tissue structures. 
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5. Zygapophysial Joint Facet Hyaline Before considering cartilage early degeneration, it is 
Articular Cartilage Early important to understand the histological anatomy of vir-
Degeneration (Figure 4.18) tually normal hyaline articular cartilage (Figure 4.18 A). 

FIGURE 4.18 (A) Axial view histological section from an L5-S1 zygapophysial joint of a 50-year-old female illus-
trating its approximate histological zones. C = subchondral capillary. Magnifi cation ×8. 

Clinical relevance: Early changes in the facet’s hya- when advanced, would be seen on imaging.  Beaman et  
line articular cartilage, as demonstrated by a loss of  al (1993) implicated osteoarthrotic lumbar facet joints 
metachromasia (Dick 1972) indicates the onset of early in facet pain, having found Substance-P nerve fi bres 
osteoarthrosis, which may cause pain. Figure 4.18 (B–D) within the subchondral bone of degenerative facet joints. 
illustrates axial plane histological sections with early hya- In addition, venous stasis occurs in osteoarthrotic bone 
line articular cartilage and subchondral bone degenera- marrow, resulting in increased pressure and pain (Bland 
tive changes as seen using light and darkfi eld microscopy. 1983), supporting the work of  Arnoldi (1976, 1994) and 
 T e bones and periosteum are well innervated by that of Kirkaldy-Willis (1999) that venous hypertension 

nociceptive fibres (Haldeman 1999), so osteoarthrosis is may produce pain by causing pressure on small nerves 
a common cause of spinal pain (Beers et al 2006) and, in bone. 
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FIGURE 4.18 (B) A 100-μm-thick axial view light photomicrograph of the right lumbosacral zygapophysial joint’s 
opposing hyaline articular cartilages from a 54-year-old male cadaver, showing part of an intra-articular synovial fold
(SF) fat pad with its fi brotic tip (arrows) projecting between the hyaline cartilages (H) medially in Zone ‘a’ where the 
cartilage surfaces are in contact. Te remaining part of the paired joint cartilages, where the cartilages are not adjacent 
to each other, is relatively normal. In the approximately central region of the joint, i.e. Zone ‘b’, the cartilage exhibits 
relatively normal chondrocytes. Beyond this in Zone ‘c’ the remaining portion of the cartilage appears to be normal, 
apart from a lack of a normal chondrocyte population. ACB = abnormal cancellous bone above normal cancellous 
bone NCB in the region of pressure between the cartilages in Zone ‘a’ and to some degree in part of Zone ‘b’; C= chon-
drocytes; L5 IAP = inferior articular process of L5; S1 SAP = superior articular process of the sacrum; SF = synovial 
fold; SB = subchondral bone. (C) A dark-field light photomicrograph of the same histological section in (A) illustrating 
matrix changes in the hyaline cartilage on each side of the fibrotic tip of the intra-articular synovial fold (short white
arrows) and a small isolated area just beyond this region. Te regions of abnormal cancellous bone (ACB) on either side 
of the areas of different staining of the cartilages is seen. Tis medial region is where the joint surfaces have been in 
greater contact and, presumably, been under greatest pressure during life (arrows). NCB = normal cancellous bone; SB
= subchondral bone; SF = synovial fold; (D) A high-powered dark-field photomicrograph of (C) clearly shows the areas 
of abnormal hyaline cartilage on each side of the joint. C = chondrocytes; SF = synovial fold exhibiting blood vessels. 

Source: Reproduced from Giles LGF, Pressure related changes in human lumbo-sacral zygapophyseal joint artic-
ular cartilage. Te Journal of Rheumatology 13: 1093–1095, 1986(b). 

 Tere are many diverse opinions concerning the of vascular disease; and (iv) a proteolytic enzyme from 
cause and development of osteoarthritis ( Tirgari 1978). type A synovial cells (phagocytes), which is normally 
According to Bland (1983), four theories of the patho- neutralized by an inhibitor from type B synovial cells, 
genesis of osteoarthritis are (i) the initial event occurs in digests the protein core of chondroitin sulphate if the 
cartilage because of a change in the microenvironment inhibitor is absent (Glynn 1977). 
of the chondrocytes (most investigators hold this view); 
(ii) the initial event occurs in subchondral bone with 
mechanical factors being the primary cause; (iii) micro-
osteonecrosis occurs in the subchondral bone as a result 

Tese early cartilage changes may not be seen on 
MRI, but the subchondral bone changes should be 
seen. 
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6. Tropism of Zygapophysial Joints
Causing Mechanical Low Back
Pain (Figures 4.19 and 4.20) 
Facet joint tropism appears to have first been referred

to by Brailsford (1929) in his paper on Deformities of the 
lumbosacral region of the spine in which he defi ned facet 
tropism as asymmetry between the left and right verte-
bral facet joint angles, with one more sagittally oriented
than the other. A diff erence of 5 degrees or more between 
the horizontal planes of the left and right zygapophysial
joints represents tropism (Cihák 1970). Te incidence of 
tropism in the lumbar spine is 40–70%, with L4-L5 level
being the most commonly afflicted level, and it leads to
unequal biomechanical forces on the facet joint and IVD
during rotation and other physiologic movements (Garg
et al 2021). For investigating the alteration of lower 
lumbar facet joint angles in patients  Karacan et al 
(2004) used a method of measuring tropism on CT 
images. Using the method of  Karacan et al (2004), Tisot
et al (2018) found a statistical relationship (p = 0.023)
between facet joint tropism and the side where the
lumbar disc herniation occurred, while  Deepak et al  
(2020), in a smaller study, did not find a statistically sig-
nificant association of facet tropism with lumbar disc 
herniation. 

Mechanical Lumbosacral Spine Pain 

As LLI with pelvic obliquity or sacral anomalies can 
contribute to zygapophysial joint facet cartilage changes 
(Giles et al 1984), a small study was conducted to exam-
ine tropism between left and right, i.e. paired joints, at a 
given level in 13 lumbosacral spines from cadavers fol-
lowing orthoradiography and an antero-posterior plain 
X-ray of the pelvis and lumbar spine (Giles 1987(b)). Of 
the 13 cadavers radiographed, 8 met the inclusion cri-
teria of having only LLI with or without tropism: four 
(35–83 years; mean 61) exhibited tropism of greater than
4 degrees; four (46–73 years; mean 59.5) exhibited no tro-
pism, and the latter were used as a control group.
For measuring the degree of facet joint tropism and its

effect on hyaline articular cartilage in the  cadaveric mate-
rial, anatomical blocks of spinal tissues were cut in the hor-
izontal plane (Figure 4.19A), then radiographed in the same
plane for measurement of paired joint angles to determine
the degree of tropism (Figure 4.19B). Te blocks were then 
processed (Giles et al 1983) for histological sectioning and
examination of the paired joints (Figure 4.19C).
 Te histological findings appear to confirm the hypoth-

esis of  Cyron et al (1980) that, in tropism, there are greater 
inter-facet forces in the more sagittally oriented facets, 
which may predispose these facets to osteoarthritis. For 
another example of tropism, see  Figure 4.20A. 

FIGURE 4.19 (A) Axial view of a block of cadaveric spinal material from a 56-year-old male at the L4–5 level 
showing the paired left and right articular facet joint cartilages. D = intervertebral disc; S = spinous process; VB = 



 
 

 
 

    

    
 

 
 

  

 
     

  
 

   
 

 
 

  
    

 
 

 
 
 

 

 
  

 

  
 

 
 

  
   

  
  

   
      

  

 

 

 103 Anatomical Atlas 

FIGURE 4.12 (Continued) 
vertebral body. (B) An X-ray of the block of material for measurements to determine whether tropism is present. It 
can be seen that there is a 5-degree difference between the paired joints. L5 SAP = superior articular process of L5; 
L4 IAP = inferior articular process of L4. (C) A 200-μm-thick histological axial view section cut across the block of 
material shows that there is an obvious diff erence between the planes of the paired joints in that the left joint is in 
the more coronal plane, whereas the right joint is in a more sagittal plane. Approximately the posterior half of this 
sagittal plane joint exhibits (1) less thickness of the cartilage, on each facet, (2) less cellular cartilage on both sides of 
the facets, and (3) fibrocartilage bumper wrapping around the L4 inferior articular process (L4 IAP) (arrows) within
the fibrous joint capsule. In contrast, the left joint shows approximately only one-third of its posterior cartilages have
less cellular cartilage and there is no fibrocartilage bumper. Tere is a small midline posterior disc bulge/protrusion
(arrow) indenting the dural tube. L = ligamentum flavum; L5 SAP = superior articular process of L5; N = neural struc-
ture; S = spinous process; VB = vertebral body. 

Source: (C) Reproduced with permission from Giles LGF Zygapophyseal (Facet) Joints. In: Giles L G F and Singer 
K P (eds) Clinical anatomy and management of low back pain. Edinburgh, Butterworth-Heinemann, © Elsevier, 
1997(d), p. 72–96. 

FIGURE 4.20 (A) A 100-μm-thick histological axial view section from a 73-year-old female cadaver that clearly 
shows that in the right, more sagittal facing joint, virtually all the hyaline articular cartilage has been eroded, with 
some osteoarthrotic subchondral sclerosis on both sides of the joint. On the left side, the more coronal facing joint 
exhibits early osteoarthrotic changes with cartilage fibrillation and a loss of normal metachromasia of the cartilage, 
as well as some subchondral sclerosis, particularly on the L5 IAP. Both left and right joints show small areas of fi bro-
cartilage bumper posteriorly. H = hyaline articular cartilage; S = sacrum; L5 IAP = inferior articular process of L5; S 
SAP = superior articular process of the sacrum. 

Source: Tis article was published in Clin Biomech 2, Giles LGF Lumbo-sacral zygapophyseal tropism and its 
effect on hyaline cartilage p. 2–6. © Elsevier (1987(b). 

It is important to conduct a tropism study using a large et al (1991) concluded that the risk of disc degeneration 
number of cadavers with a LLI of 9 mm or more—and  is increased in the presence of facet joint tropism while 
an equal leg length control group—to determine whether Schleich et al (2016) found that facet tropism and sagittal 
LLI affects the results of histological measurements of orientation of the facet joint represent risk factors for the 
any joint degenerative changes. development of  early biochemical alterations of interverte-
Clinical relevance: An important part of the three-joint bral lumbar discs. Tropism strongly suggests mechanical 

complex of the spine, i.e. the lumbar facet joint, has a far- instability and susceptibility to ligamentous injury (Willis 
reaching influence on the spine (Gao et al 2017). It was also 1959;  Schmorl et al 1971) and  Yang et al (2020) concluded 
suggested by  Cyron et al (1980) that spines with asymmet- that there was a signifi cant correlation between facet tro-
rical facet planes, i.e. tropism, produced instability, mani- pism and chronic low back pain and suggested that a load-
festing itself as rotation of the lumbar spine, which put the ing imbalance due to tropism may accelerate degeneration 
ligaments of one facet joint under extra strain. In addition, of the facet joints and IVDs. 
instability due to tropism of the affected motion segment If the clinician is aware of the possibility of tropism 
may cause strain on the innervated joint capsule or pinch- causing low back pain, tropism may be recognized in 
ing of the intra-articular synovial folds, which have small some antero-posterior plane X-ray images as shown in 
nociceptive nerves (Giles et al 1985). Furthermore, Noren  Figure 4.20B . 



   
  

 
  

 
 

  
   

 104 Mechanical Lumbosacral Spine Pain 

FIGURE 4.20 (B) Anteroposterior plane X-ray image of a 35-year-old female with intermittent low back pain dur-
ing the last six months. On examination, there were no clinical signs except for aggravation of symptoms on lumbar
spine extension. Te X-ray shows that the right L5-S1 joint plane is in the sagittal plane (arrows), whereas the joint on 
the left is more coronally orientated. Tis represents a case of tropism with associated sclerosis of especially the more
sagittally facing right L5-S1 joint plane in keeping with degenerative change. 

Tropism may be present, but its extent may not be identified unless an MRI (or CT) axial image is obtained to
define its degree of asymmetry. Nonetheless, it is an important cause of mechanical low back pain that may
initially be missed unless the clinician specifically looks for tropism in its early stages i.e. before sclerosis 
develops. 
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7. Zygapophysial Joint Facet Degenerative
Fibrocartilage Bumper Formation 
(Figure 4.21)
Clinical relevance: Pain may be generated in the pain

sensitive fi brous capsule due to joint cartilage forming a 
bumper region between the cartilage and the capsule, as 
shown in the histological specimen (Figure 4.21A). T is 
may cause mechanical friction against the pain sensitive 
joint capsule leading to low back pain and infl ammatory
changes.
Fibrocartilage bumper is not the hyaline type of car-

tilage that normally covers the facet surfaces (Hadley  
1964 ). 

FIGURE 4.21 (A) Tis 100-μm-thick axial histological
section through the left L5-S1 joint of a 51-year-old female
cadaver illustrates the formation of a fi brocartilage bum-
per (B) wrapping around the L5 inferior articular process
(L5 IAP) facet laterally, against the inner surface of the 
fibrous joint capsule (JC). It appears from the stain uptake
in the fibrous joint capsule, lateral to the joint (*), that 
there is a difference in stain colouration compared to that
of the capsule region further away from this area (**). T is
different stain uptake, combined with the adjacent fi bro-
cartilage bumper, suggests that there has been mechani-
cal lateral thrusting of the L5 facet margin against the 
innervated and pain sensitive tough fibrous capsule. A = 
arachnoid mater; AC = ligamentous accessory capsule; C 
= cauda equina; D = dural tube; H = hyaline articular car-
tilage with its narrow strip of acellular lamina splendens
forming its surface (Giles 1992(a)) (also see Figure 4.18A); 
L = ligamentum flavum; M = muscle; S1 SAP = superior
articular process of the sacrum. 

 Tis degree of pathological change may well not  
be seen on plain X-ray imaging or on CT or MRI 
in spite of patient experiencing low back pain. 
Diagnostic positive facet joint block can indicate
facet joints as the source of pain (Perolat et al 2018). 

Advanced facet lipping and overgrowth (Figure 4.21B) 
will result in significant zygapophysial joint fi brocartilage
bumper formation and bony lipping between two points
of bony pressure within the joint (Hadley 1964). T is may 
well restrict motion between adjacent vertebral bodies,  
resulting in abnormal biomechanics and low back pain 
at this level that may radiate to the posterolateral thigh 
(rarely below the knee) (Jadon 2016).
Fujiwara et al (1999) suggest that wrap around bumper 

osteophyte formations provide an additional stabilizing 
effect in segmental degenerative disease and that MRI 
tends to underestimate the severity of osteoarthritis of the 
facet joints compared to CT. 

FIGURE 4.21 (B) A 200-μm-thick axial histological
darkfield photomicrograph section through the L5-S1 
zygapophysial facet joint of a 65-year-old male cadaver, 
with corresponding axial CT scan. Te rectangle on the 
scan shows the approximate region of the histological 
section. Note the blood vessel (B tailed arrow), the hya-
line articular cartilage (H) on the facet surfaces, and how 
the cartilage has developed around the lateral margins of 
the facets to form fibrocartilage bumpers (arrows), with
the development of a large hypertrophied osteophytic 
spur (O) beneath the fibrous joint capsule (JC). A smaller 
osteophytic spur (S) is adjacent to the ligamentum fl a-
vum (LF) that constitutes the joint capsule on the medial
side of the joint (Hadley 1964). E = eburnation (sclerosis) 
in the subchondral regions on each side of the joint. L5 
IAP = inferior articular process of the L5 vertebra; SAP = 
sacral superior articular process; VF = vertebral foramen 
containing blood vessels (B arrow) and nerve roots (N) in
their nerve root sleeve (RS). 

 Tis degree of zygapophysial joint degeneration
and lipping should be visible on plain X-ray images, 
and the CT insert axial view shows that CT imag-
ing easily demonstrates the degenerative changes. 
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8. Zygapophysial Joint Facet Imbrication/
Subluxation Causing Osteoarthrotic Changes 
between the Subjacent Articular Process 
and the Pedicle Above (Figure 4.22)
Clinical relevance: Noxious stimulation of the peri-

osteum—or bone marrow—can cause pain as sensory 
neurons are known to innervate periosteum and bone 

Mechanical Lumbosacral Spine Pain 

marrow (Nencini et al 2016). Terefore, impingement of 
the periosteum due to the sacral superior facet impinging
upon the pedicle above could cause pain. In addition, pain
could also result from the  bony eburnation that is due to 
the localized bony pressure contact between both sides of 
the impingement areas (Hadley1964). 

FIGURE 4.22 A 150-μm-thick parasagittal section from a 41-year-old male cadaver. Due to thinning of the L5-S1 
intervertebral disc (IVD), which may well cause pain, there is imbrication/subluxation of the L5-S1 joint facets with 
the sacral articular process (S SAP) pressing upon the inferior aspect of the L5 pedicle (P) above, resulting in fl atten-
ing of the sacral facet superiorly (arrows). Tis has resulted in eburnation (E) between these two bony structures, and 
it extends particularly into the subchondral region of each facet. Tere is thinning of the articular cartilage on both 
facet surfaces at this L5-S1 level. At the L4–5 level, where the intervertebral disc only has minor thinning, the zyg-
apophysial joint is relatively normal apart from a small degree of facet imbrication and minor fi brocartilage bumper
(B) formation at the tip of the L4 inferior articular process (L4 IAP). A fibrotic synovial fold (SF) due to traumatic 
pinching over the years between its adjacent bony structures is present. Tese pathological findings suggest abnormal
biomechanical stresses have taken place over the years and that these could also result in pain. Tailed arrow = L5-S1 
fibrous joint capsule inferiorly. 

 Te bony eburnation in Figure 4.22  at the L5-S1 level and the IVD thinning would be seen on radiography 
but not the fibrotic synovial fold at L4–5 or the tractioning of the L5-S1 fibrous joint capsule inferiorly. 
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9. Multifactorial Degenerative Changes 
Affecting the ‘T ree-Joint Complex’
As Well As the Neurovascular 
Structures within the Intervertebral 
Foramen (Figures 4.23 and 4.24) 
Clinical relevance : Mechanical low back pain, with 

or without radicular symptoms, may be multifactorial 
in origin (Haldeman 1977), as several soft tissue and  
bony structures may be involved at one spinal level  

where degenerative changes have occurred. Examples
of such multifactorial degeneration at one level are pro-
vided in Figures 4.23 and 4.24, respectively.
 Te importance of the constricted foramen is that it 

reduces the space containing the reserve cushion of adi-
pose and other soft tissue structures that surround 
neurovascular structures in a normal foramen; this pre-
disposes to root pressure in the event of oedema and 
haemorrhage (Hadley 1950). 

FIGURE 4.23 A lateral view plain X-ray of the lower lumbar spine from an 83-year-old female cadaver is shown 
as an insert. Due to disc space thinning, the L5-S1 zygapophysial joint has a subluxation of its opposing facet sur-
faces, with an osteophytic spur having developed superiorly on the sacral facet that approximates the pedicle above 
that shows sclerosis/eburnation. A small spur projects posteriorly from the inferior margin of the L5 vertebral body,
encroaching upon the inferior region of the foramen. Te superior sacral facet spur, combined with the small spur pro-
jecting into the lower region of the foramen from the L5 body inferiorly, have resulted in an ‘hourglass’ confi guration of 
the foramen (Meschan 1959). Te rectangle shows the L5-S1 intervertebral foramen and its associated structures illus-
trated histologically. Te 100-μm-thick parasagittal histological section cut across the foramen that contains blood 
vessels, lymphatics, fat, and areolar tissue (Hadley 1950) illustrates the pathology involving the foramen and its associ-
ated structures i.e.: (1) osteophytic spur (arrow) at the superior pole of the sacral facet that approximates the sclerotic 
pedicle (P) above that has developed a fibrocartilage bumper superiorly (asterisk) that articulates with the pedicle; (2) 
the sacral facet spur and the spur (S) adjacent to the contained 3 mm deep postero-lateral disc herniation (D) combine 
to create a ‘pincer’ effect by encroaching upon the neurovascular structures (N) within the hourglass shaped foramen 
i.e. the intervertebral foramen exhibits a degree of antero-posterior stenosis; (3) tractioning and deformation of the 
ligamentum fl avum (L) is present; (4) osteoarthrotic sclerosis (O) involves each facet’s subchondral areas; (5) the S1 
superior facet hyaline articular cartilage (H) is sparse and stains poorly, while there is very little cartilage remaining 
on the L5 inferior articular process (L5 IAP); (6) a fibrocartilage bumper (BC) has developed between the L5 inferior 
articular process (L5 IAP) and the posterior aspect of the first sacral segment (S1); (7) a synovial fold (SF) projects
between the fi brocartilage bumper surfaces and has become fi brotic due to being pinched between the mobile bony 
surfaces during joint movement. 

Source: Reproduced with permission from Giles LGF, Kaveri MJP, Some osseous and soft tissue causes of human 
intervertebral canal (foramen) stenosis. J Rheumatol 17: 1474–1481, 1990. 
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A lateral view radiograph showing  more advanced 
multifactorial degenerative changes of the three-joint 
complex, with significant disc degeneration and much 
greater imbrication/subluxation of the L5-S1 facets, is 
shown in Figure 4.24A. 
Osteoarthrosis is primarily a disease of the articular 

cartilage and early changes are  focal softening of carti-
lage with loss of metachromasia and of affi  nity for hae-
matoxylin; following surface fl aking and ‘fi brillation’ 
in the superficial layers, deep clefts [fi ssuring] develop 
and chondrocytes cluster around the margins of these 
defects (Dick 1972). It is postulated that exposure to  
synovial fluid lysosomal enzymes—and enzymes from 
the chondrocytes themselves—thereafter accelerates 
cartilage destruction, which is seen radiologically as loss 

of joint space (Dick 1972). In a comprehensive descrip-
tion of the properties of lumbar facet cartilage O’Leary 
et al (2017) suggested that the human facet joint is highly 
susceptible to pathology and they graded degenerative 
changes as follows: Grade 1—minor fi brillation with 
the cartilage  surface largely intact and the middle and 
deep zones are well preserved and cellular arrangement 
and density appear relatively normal; Grade 2—greater 
surface discontinuity and disruption of the structure is 
observed as far as the middle zone; Grade 3—the pres-
ence of surface erosion and loss of cartilage with multi-
ple vertical fissures that almost stretch to the deep zone; 
Grade 4—complete denudation of unmineralized carti-
lage is observed, leaving only calcified cartilage and/or 
bone present. 

FIGURE 4.24 (A) Lateral view radiograph from the lower lumbosacral region of a 73-year-old male cadaver’s spine 
illustrating multifactorial degenerative changes of the three-joint complex. L5 = fifth lumbar vertebra; P = pedicle 
of L5 vertebra; S1 = first sacral segment. (B), (C), (D), and (E) are 100-μm-thick histological sections cut from the 
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FIGURE 4.24 (Continued) 
approximate area indicated on the X-ray. (B) Advanced subluxation of the L5-S1 facets is due to the considerable 
disc thinning (D) and posterolateral herniation. In addition, tractioning of the pain sensitive inferior part of the joint 
capsule (C) is present due to the facet subluxation. Te posterior herniation of the disc, with associated osteophytic 
spur (OS) encroaches upon the anterior side of the foramen, and there is encroachment upon the foramen posteriorly 
due to the osteophytic spur (OS) at the tip of the superior articular process of the sacrum (S SAP). In the subchon-
dral bone, particularly above the rectangle shown, there are areas of advanced degenerative bone marrow changes 
(asterisks). Te rectangle illustrates the area magnified in Figures (C) and (E) that show deep fi ssuring of the hyaline 
articular cartilage (H) by both light microscopy (C) and darkfield light microscopy (E) (white arrows), respectively, 
indicating that this cartilage shows Grade 3 degenerative changes (using O’Leary et al’s (2017) grading). (D) Greater 
magnifi cation of part of the cartilage from the dashed rectangle on Figure (C) shows blood vessels (V) between the 
opposing facet surfaces and in the region of deep fissuring. M = muscle; N = neural complex within the intervertebral
foramen. 

Source: Reproduced from: Giles LGF, Kaveri MJP, Lumbosacral intervertebral disc degeneration revisited: a  
radiological and histological correlation. Manual Medicine 6: 62–66, 1991a, Springer Nature. 
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10.  Multifactorial Degeneration upon the neural complex in the L5-S1 intervertebral fora-
Occurring at Two Adjacent men independently and collectively can cause low back 
Spinal Levels (Figure 4.25) pain, with or without radicular symptoms. 

Clinical relevance: Degenerative changes at the L4–5 
and L5-S1 three-joint complex levels with encroachment 

FIGURE 4.25 Te lateral view plain X-ray extending from L4 to S2 from a 59-year-old female cadaver (A) with its 
corresponding sagittally bisected cadaveric spine (B) and a parasagittal histological section (C) all show the interver-
tebral disc thinning at L4–5 and L5-S1 levels. (A) I = intervertebral foramen; IAP = inferior articular process of L5 
vertebra; P = pedicle of L5 vertebra; SP = spinous process; ST = sacral tubercle (median crest) of the sacrum. T e supe-
rior articular process of S1 (arrow) projects into the L5-S1 foramen due to the very thin disc and facet subluxation at 
this level that is confirmed histologically in (C). (B) Te L4–5 and L5-S1 intervertebral discs show degeneration with 
posterior protrusions (open headed arrows) and loss of disc height. Note the posterior longitudinal ligament (PLL),
dural tube (D), nerve roots (NR), and spinous process (SP). IL = interspinous ligament that extends from the supraspi-
nous ligament posteriorly (not shown) to the ligamentum flavum (L) anteriorly; ST = spinous tubercle (median crest)
of the sacrum. (C) A 200-μm-thick histological section cut in the parasagittal plane from the specimen shows parts 
of the L4 to S2 spinal segments. N = neurovascular complexes within the L4-L5 and L5-S1 intervertebral foramina 
and within the sacral canal—they are surrounded by epidural fat (E) and are highly vascular (BV). Posterolateral 
intervertebral disc protrusions (arrows) with thinning of the L4–5 and L5-S1 discs is demonstrated; this has resulted 
in approximation of the vertebral bodies with imbrication (subluxation) (Hadley 1950, 1951) of the opposing facets 
of the zygapophysial joints and their hyaline articular cartilage lined surfaces (H). Te zygapophysial joint imbrica-
tion has caused some tractioning of the L4-L5 joint capsule (C) inferiorly, and, at the L5-S1 level, the subluxation 
has caused ‘buckling’ of the ligamentum flavum (L). Tis buckling, together with early osteophytosis of the superior 
articular process (S) of the sacrum, has caused deformation and compression of the adjacent posterior aspect of the 
neural complex with its vascular supply. Pressure upon the neural complex and its blood vessels can cause vascular
congestion that could impair the circulation through the neural complex to a degree that could be responsible for the 
earliest neurological signs and symptoms associated with intervertebral disc thinning (Sunderland 1980). T ere is 
subchondral sclerosis/eburnation (conjoined arrows) of each facet at the L5-S1 level, in particular, with osteoarthrotic 
changes. IAP = inferior articular process of L5 vertebra; P = pedicle of L5 vertebra. 

Source: Reproduced with permission from Giles LGF, 100 Challenging Spinal Pain Syndrome Cases, Edinburgh, 
Churchill Livingstone Elsevier, © Elsevier, 2009. 

Routine plain X-ray images would show the loss of IVD space height and the osseous degenerative changes.
MR imaging should provide insight into the L5-S1 foraminal compromise of the neural complex but may 
well not show the stretching of the L4–5 joint capsule. 
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11. Adhesions within a Zygapophysial 
Joint Capsule and Bridging across
Joint Surfaces (Figure 4.26) 

Clinical relevance: Such adhesions may cause pain 
as the fibrous joint capsule is innervated by nociceptors 
(Kim et al 2011). In addition, spinal manipulation may, in 
all likelihood, result in slight post-manipulation pain or 
discomfort due to breaking down of the adhesions while 
restoring normal function to the three-joint complex. 

Cramer et al (2013) have shown that spinal manipulation
causes gapping between the facet surfaces of zygapophy-
sial joints. 
As the joint capsule contains nociceptors, the adhesions

would be a source of back pain during any movements that
tractioned them, and therapeutic manipulation would be 
aimed at breaking down intra-articular joint or capsular 
adhesions (Mennell 1960). 

FIGURE 4.26 (A) A 100-μm-thick histological section cut in the axial plane, below the L5-S1 intervertebral foram-
ina, of a 74-year-old male cadaver. Part of the left zygapophysial joint’s fibrous capsule (C) fibres have become attached 
to the surface of the hyaline articular cartilage (H) on the sacral facet’s cartilage surface (long tailed arrow), between 
the articulating surfaces laterally; see enlargement in (B) to visualize the width of the adhesions (white arrows). 
Te right (R) zygapophysial joint shows a large highly vascular intra-capsular synovial fold, with a partly fi brotic tip
projecting between the osteoarthrotic hyaline articular cartilage surfaces (arrow). Tis intra-articular part of the fat 
filled synovial lined structure’s fi brotic change is probably due to ‘nipping’ between the joint surfaces during life. D 
= dural tube containing the cauda equina within the CSF. E = epidural fat; IVD = intervertebral disc with a small 
midline posterior bulge/protrusion; L = ligamentum flavum with a neuro-vascular channel bilaterally (small tailed
arrows); L5 = inferior articular process of the fifth lumbar vertebra; N = nerve roots in their dural sleeves (see Figure
4.27B for the development of nerve roots and their root sleeves); S = sacral ala. 

Source: Reproduced with permission from Giles LGF, A review and description of some possible causes of low 
back pain of mechanical origin in homo sapiens. Proc Aust Soc Hum Biol 4: 193–212, 1991(b). 

Plain X-ray examination would not be likely to show such adhesions. In addition, the detail of such adhesions 
would most likely not be seen on routine MR imaging. 
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12. Nerve Roots and Teir CSF Relationship 
(Figures 4.27 and 4.28) 

Clinical relevance: As mechanical pressure upon nerve 
roots can cause circulatory disturbance of the nerve root
resulting in radicular pain (Yoshizawa et al 1991), the forma-
tion of these important structures within the normal spi-
nal canal is illustrated in Figures 4.27A and B  where the 
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anterior and posterior roots exit the subarachnoid space 
in which the rootlets are immersed in CSF. As previously 
mentioned, nerve roots derive some of their nutritional 
supply via diffusion from the surrounding CSF (Rydevik 
et al 1990) that is also involved in CNS tissue drainage 
and  detoxifi cation (Tomas et al 2019). 

FIGURE 4.27 (A) Lower lumbosacral spine bisected in the sagittal plane. Cauda equina nerve roots descend with
their small diameter blood vessels i.e. vasa radiculorum (black arrows) within the dural tube (D) that is surrounded by 
epidural fat (E), then pass out of the dural tube, enveloped within root sleeves, as shown in (B). SP = spinous process. 
(B) Tis 100-μm-thick axial histological section has been cut approximately at the lumbosacral level represented by 
the broken black line in (A) from a 55-year-old male cadaver. Te dural tube (D) surrounds the arachnoid mater (A) 
that contains the cerebrospinal fl uid and the cauda equina nerve roots (N) with their small diameter blood vessels (V). 
In this section, the left dural sleeve (DS) illustrates how blood vessels are normally seen in these structures. Within 
the subarachnoid space, the sacral roots occupy a more posterior position than do the lumbar roots that are more 
anterior (see Figure 2.9B); E = epidural fat within the spinal canal that surrounds the dural tube and the nerve root 
sleeves. Te anterior nerve root (AR) and the posterior nerve root (PR) pass from the dural tube, within the dural 
sleeve (DS), to the lateral recess (LR) of the vertebral foramen before entering the IVF. C = fibrous capsule of the L5-S1 
zygapophysial joint; H = hyaline articular cartilage on the sacral superior articular process; L = lamina; LF = ligamen-
tum flavum. Some blood vessels are seen in various regions of the epidural fat. 

Source: Reproduced with permission from Giles LGF, 100 Challenging Spinal Pain Syndrome Cases, Edinburgh, 
Churchill Livingstone Elsevier, © Elsevier, 2009. 

Furthermore, axial histological sections shown in the following three examples (Figures 4.28A, B, and C) illustrate 
the close relationship between the epineurium of the  neural complex and its adjoining  vascular structures within the 
intervertebral foramen. 
An axial view (Figure 4.28C) of a left intervertebral foramen at the lumbosacral level of another specimen, again 

indicating a possible vascular channel connection between Batson’s vertebral venous plexus and the adjacent neural
complex.
 Tis topic was raised under CSF drainage around nerve roots in Chapter 2—Neuroanatomy Summary of the 

Lumbosacral Spine (Figures 2.28–2.30). 
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FIGURE 4.28 (A) A 100-μm-thick axial lumbosacral section at the level of the left and right intervertebral foram-
ina of a 54-year-old male cadaver. A = arachnoid mater surrounding the CSF with its cauda equina nerve roots (C);
BV = Batson’s venous plexus (anterior internal vertebral (epidural) plexus) that also communicates with the external
vertebral venous plexuses on the external surface of the vertebrae (Moore et al 2018); D = dura mater; E = epidural fat 
space; H = hyaline articular cartilage; JC = joint capsule (fibrous) of the zygapophysial joint; L = lamina; LF = ligamen-
tum flavum; N = neural complex; S = sacrum. Tailed arrow indicates a possible vascular channel connecting Batson’s
venous plexus with the neural complex. Rectangle shows that area magnified in Figure (B). 

FIGURE 4.28 (C) Axial histological view of the left intervertebral foramen at the lumbosacral level of a 35-year-old 
female cadaver that exhibits a possible vascular connection (arrow) between the neural complex (N) and one of the 
internal vertebral venous plexus blood vessels (BV) as seen at this magnifi cation for this 100-μm-thick section; C = 
cauda equina; D = dural tube; E = epidural fat; H = hyaline articular cartilage on the adjacent facet joint surface; LF = 
ligamentum flavum; S = sacrum. 
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Intervertebral Disc Joints 
1. Intervertebral Disc Protrusion Anteriorly

and Posteriorly with Internal Disc Disruption 
at Only One Spinal Level (Figure 4.29) 
Clinical relevance: Internal disc disruption can 

cause low back pain (Cooke et al 2000). Protruding IVD 

FIGURE 4.29 (A) Anatomical specimen of a sagit-
tally sectioned lumbosacral spine of a 70-year-old female
cadaver. Note the approximation (arrow) of the somewhat 
enlarged (superior to inferior dimension) fi fth lumbar 
spinous process and the adjacent sacral spinous tubercle, 
in spite of the normal lumbar lordosis. Tis can cause 
Baastrup’s disease i.e. mechanical low back pain arising
from the close approximation of adjacent posterior spinous
processes with resulting degenerative changes of the inter-
spinous ligament and sclerotic changes of the opposing spi-
nous processes. It is important to note that, in this elderly 
specimen, only the L5 intervertebral disc shows degenera-
tive changes. Tese changes include (i) anterior protrusion
of the disc, causing pressure upon the innervated anterior 
longitudinal ligament (ALL) and (ii) posterior protrusion of
the disrupted nucleus pulposus and annulus fi brosus caus-
ing elevation of the posterior longitudinal ligament with
resulting pressure upon the pain sensitive dural tube. 

Source: Reproduced with permission from Giles LGF, Mis-
cellaneous pathological and developmental (anoma-
lous) conditions. In: Giles L G F, Singer K P (eds) Clinical
anatomy and management of low back pain. Butterworth-
Heinemann, Oxford, © Elsevier, 1997(c) pp. 196–216. 
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pressure upon the pain sensitive anterior surface of the 
dural tube (Figure 4.29), the intervening blood vessels and 
the recurrent meningeal nerves can cause low back pain, 
as discogenic low back pain is mediated by the recurrent
meningeal nerves (Zhao et al 2020(c)). In addition, pres-
sure is being exerted upon the innervated anterior lon-
gitudinal ligament and this may generate pain. It should 
be noted that this disc injury at only one level is highly 
unlikely to be a ‘constitutional’ condition—a term that I 
have frequently seen in medico-legal reports where only 
one disc shows degenerative changes.
As an IVD degenerates, the peripheral nerve tissues 

have corresponding structural reorganization, and series
of nerve cells become involved in progression of disco-
genic back pain (Yang et al 2018).
Tissue samples from lumbar disc operations studied 

immunohistochemically suggest that pressure and chemi-
cal irritation of nociceptive nerves associated with degen-
erated discs excite sensory neural elements, especially in
the posterior longitudinal ligament and possibly in the
peripheral parts of the annulus fibrosus, while the disc 
itself, at least if not penetrated by vascular granular tissue,
is painless and neuroanatomically lacks a structural basis
for pain perception ( Konttinen et al 1990 ).
An axial view L5-S1 histological example (Figure 

4.29B) shows an IVD bulging posteriorly, with internal 
disc disruption and some disruption of the outer annulus
fi brosus fibres (curved white arrow). 

FIGURE 4.29 (B) A 200-μm-thick axial histological
section from a 51-year-old female cadaver. Note the inter-
nal disc disruption within the intervertebral disc (IVD) 
with some radial tears seen as white spaces, and there 
is some disruption of the outer annulus fi brosus lamel-
lae (curved white arrow). Tere is some central poste-
rior bulging of the disc that indents (small black arrows) 
the anterior part of the dural tube (D), which contains 
the cauda equina (C) that is immersed in cerebrospinal 
fluid within the arachnoid mater (A). Te neural com-
plex (N) passing through the lateral part of the interver-
tebral foramen is in close proximity to transforaminal  
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FIGURE 4.29 (Continued) 
ligaments (T). S = remains of spinous process. SF = syno-
vial lined fat pad adjacent to the ligamentum fl avum (LF).
H = hyaline articular cartilage on the surfaces of the fac-
ets of the zygapophysial joints. FC = fibrous joint capsule 
posterolaterally. M = muscle. 

Source: Reproduced with permission from Giles  
LGF, 100 Challenging Spinal Pain Syndrome Cases, 
Churchill Livingstone Elsevier, Edinburgh, © Elsevier, 
2009. 

An axial view MRI or CT scan should show this cen-
tral disc posterior bulging-dural tube abnormality. 

A sagittal view lumbar spine MRI of a patient illustrat-
ing annular tears is shown in Figure 4.29(C). 

FIGURE 4.29 (C) A lumbar spine MRI sagittal T2-weighted image of a 35-year-old male showing that, at the L4–5
level, there is a moderate sized posterior disc bulge (long black arrow), due to a tear in the posterior fibres of the inter-
vertebral disc represented by a high signal intensity zone (white arrow) (Haldeman et al 2002) and a degree of desic-
cation of the disc. Te disc bulge presses upon the pain sensitive anterior surface of the dural tube. T e discs above 
the L4 level show intranuclear clefts of varying thickness across the centre of these discs, with thinner intranuclear 
clefts above L2. Te intranuclear cleft is an area within the disc where there is a relative absence of glycosyl amino 
glycans (GAG) and a relative increase in hydroxyproline or collagen content i.e. it is not a gross, morphologic struc-
ture but rather a zone of diff erent biochemistry (MT Modic, MD, FACR, Personal communication, 2002). According 
to Teodorou et al (2020), in individuals after the third decade of life, nuclear clefts form in the setting of dehydration
of the nucleus pulposus. 

Source: Reproduced with permission from Giles LGF, 100 Challenging Spinal Pain Syndrome Cases, Churchill 
Livingstone Elsevier, Edinburgh, © Elsevier, 2009. 
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 2.  Intervertebral Disc Central Posterior 
Protrusion (Figure 4.30)
Clinical relevance: A central protrusion is likely to 

cause low back pain due to pressure upon the pain sensi-
tive anterior surface of the dural tube, intervening blood 
vessels, and the associated recurrent meningeal nerves. 
However, there would  not be associated radicular symp-
toms as the nerve roots are not compressed (Figures 4.30
A and B). Terefore, the straight leg raising test would 

Mechanical Lumbosacral Spine Pain 

likely not cause further pain, in spite of the protrusion, as
illustrated by the following very briefly outlined case as 
an example. A 29-year-old female presented with inter-
mittent central low back pain since jumping out of an 
army truck approximately 15 months prior to consul-
tation. Tere was no radiation to the lower limbs. T e 
straight leg raising test did not aggravate the low back 
pain. Imaging showed a central IVD protrusion (Figure 
4.30A ). 

FIGURE 4.30 (A) L5-S1 level axial MRI Intermediate Weighted Spin Echo image showing a central disc protru-
sion (arrow) that does not abut the adjacent nerve roots (NR) but indents the pain sensitive anterior surface of the 
dural tube (D). N = spinal nerve. (B) In order to complement the MR image, a 200-μm-thick axially cut histological
section from a cadaver with a central posterior disc (IVD) protrusion (open white arrow) that indents the dural tube
(D) but does not affect the nerve roots is presented. R = nerve root sleeve budding off from the dural tube that con-
tains small nerve roots arising from the cauda equina (C). E = epidural fat space; H = hyaline articular cartilage on the 
zygapophysial joint facet surfaces; JC = joint capsule (fibrous); L = ligamentum flavum; N = spinal nerve; S = spinous 
process; T = transforaminal ligament. 

Source: Reproduced with permission from Giles LGF, 100 Challenging Spinal Pain Syndrome Cases, Churchill 
Livingstone Elsevier, Edinburgh, © Elsevier, 2009. 

 Tus, clinically, the patient’s low back pain may not be under stood until an MRI is performed to illustrate
the reason for low back pain symptoms when the straight leg raising test is negative. It is important for such 
a patient’s condition to be taken seriously and thoroughly investigated in order to prevent psychological 
sequelae. 
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3. Intervertebral Disc Broad-Based 
Posterior Protrusion (Figure 4.31)
Clinical relevance: Several aetiologies of lumbosacral 

spine pain and radiculopathy exist: 

1. It has been known for many years that IVD posterior
or posterolateral protrusion with nerve root compres-
sion will cause low back pain with some degree of 
radicular symptoms (Mixter et al 1934;  Crock 1976; 
Paksoy et al 2004; Summers et al 2005), and it is most
common origin of lumbar radiculopathy (Dydyk et al
2020). Also, lumbar radicular pain can be caused by
irritation of the sensory root ganglion (Govind 2004). 

2. Mechanical compression of a spinal nerve or nerve 
root ganglion, altering root microcirculation, will 
lead to ischaemia (Rydevik et al 1984; Olmarker et 
al 1989 ;  Yoshizawa et al 1991) and markers of nerve 
tissue injury have been found in the CSF of patients
with lumbar disc herniation and sciatica (Brisby et 
al 1999). Impairment of intraneural circulation in 
the nerve roots caused by chronic compression, 
even at low pressures, may induce intra- and extra-
neural fibrosis that leads to dysfunction of nerve 
fibres (Yoshizawa et al 1991 ). 

3. Te acute localized pain associated with an IVD 
herniation also undoubtedly emanates from the dis-
rupted posterolateral annulus fibrosus and impinge-
ment on the posterior longitudinal ligament—pain 

is conveyed initially by the meningeal branches of 
the spinal nerves ( Moore et al 2018 ). 

4. Te dural pain concept was fi rst defined by Cyriax 
in 1945, and it is known that IVD herniation pres-
sure upon the pain sensitive anterior surface of the 
dural tube ( Summers et al 2005 ) with its recurrent 
meningeal nerves—or on a dural sleeve—can result 
in pain (Wyke 1980 ). 

5. Intervertebral disc herniation pressure upon blood 
vessels, causing pain of ischaemic origin (Sunderland 
1975) due to vascular damage (Hoyland et al 1989 ; 
Jayson 1997) between the herniation and the dural 
tube may result in pain. 

6. Symptoms due to herniated nucleus pulposus can 
ultimately be attributed to the signifi cant infl am-
matory response it generates inside the spinal
canal; disc injury results in an increase in the pro-
inflammatory molecules interleukin (IL)—1, IL—8, 
and tumour necrosis factor alpha (TNF alpha), 
an anti-inflammatory cytokine produced by mac-
rophages/monocytes during acute infl ammation 
and is responsible for a diverse range of signalling 
events within cells, leading to necrosis or apoptosis
(Idriss et al 2000).

 Te anatomical and histological appearance of a large 
posterior herniation due to mechanical failure, as a result 
of abnormal stresses, is shown in  Figure 4.31. 
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FIGURE 4.31 (A) Part of a spinal column extending from T12 disc to S2 is shown bisected in approximately the sagit-
tal plane. Te intervertebral discs appear to be relatively normal for this 62-year-old male cadaver’s spine apart from the 
L2–3 internal disc disruption with large posterior herniation (arrow) that causes compression of the anterior epidural 
space, dural tube, and cauda equina, resulting in some stenosis of the spinal canal at this level. ALL = anterior longitudinal 
ligament; tailed arrow = posterior longitudinal ligament. (B) A 200-μm-thick parasagittal histological section showing
the L2–3 intervertebral disc (IVD) herniation magnifi ed. Te large arrow shows the herniated disc material with inferior
migration that disrupts the posterior longitudinal ligament (white tailed arrow) and compresses the dural tube (DT). Note
the nerve root (small black arrow) between the protrusion and the ligamentum flavum (LF) and adjacent bone. As the sec-
tion is 200 μm thick (1/5th of a millimetre), only one nerve root is seen to be compressed. However, in a broad-based disc
protrusion a number of nerve roots would be compressed, causing the cauda equina syndrome. ALL = anterior longitudinal
ligament. Apart from the large posterior herniation, the superior CEP interface between the vertebral body and the disc
shows degenerative changes with some avulsion of the CEP (*) and a small fracture (F) in the CEP, with a degree of subchon-
dral bony sclerosis (**) in the adjacent vertebral body. In addition, the L3 vertebral body’s superior and inferior CEPs appear
to show hyperaemia of their capillary tufts (small white arrows). Black asterisk represents early Modic changes. 

Source: Reproduced with permission from Giles LGF, 100 Challenging Spinal Pain Syndrome Cases, Churchill 
Livingstone Elsevier, Edinburgh, © Elsevier, 2009. 

MRI should provide an appropriate diagnosis for such a case. 
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4. Endplate Injury/Microfracture with Associated 
Posterolateral Disc Herniation and Examples
of Schmorl’s Nodes (Figures 4.32 and 4.33) 
Clinical relevance: Although endplate sub-acute trau-

matic failures (microfractures) may not be visible on plain 
radiographs, they may well be a source of acute low back 
pain (Hansson et al 1981;  Hamanishi et al 1994;  Lotz et al 
2013) and lead to accelerated spinal degeneration (Hilton
et al 1976; Fraser et al 1997) (Figure 4.32). In vitro studies
revealed that the most likely cause of an endplate fracture
is as a result of compression (van Dieen et al 1999).
It is known that the posterior longitudinal ligament 

may be a source of low back pain (Lin et al 2020), and this 

may occur due to pressure from a protruding disc press-
ing against the posterior longitudinal ligament.
Schmorl’s nodes are described as a rupture of IVD tis-

sue into the underlying spongiosa of the vertebral body
(Rickenbacher et al 1985). Tey are defi ned histologically 
as a focal herniation of IVD material through the end-
plate into the vertebral body (Kim et al 2018), and  Lotz et 
al (2013) showed that damaged endplate regions can be the
sites of reactive bone marrow lesions that include  proliferat-
ing nerves that can be a source of chronic low back pain by
irritating nociceptors (Kim et al 2018). Tese acute ‘carti-
laginous nodes’ are perhaps an under-recognized entity that
can cause intense localized spinal pain (Ghuman et al 2014). 

FIGURE 4.32 (A) An anatomical specimen from a 78-year-old male cadaver. Note: (1) the T10 inferior endplate
shows some irregularity as does the superior endplate of T11, (2) a small Schmorl’s node (arrow) that is due to a CEP 
mechanical injury. Te corresponding plain X-ray (B) does not clearly demonstrate the small Schmorl’s node itself but 
shows the overall irregularity of the endplates. Tis provides an example of the limitation of plain X-ray imaging. (C) A 
150-μm-thick parasagittal histological section from the L3–4 spinal level of a 75-year-old male cadaver illustrating an
endplate fracture (arrows), which could cause pain, and yet the fracture would not be seen on routine imaging. Note
the posterolateral disc herniation, ligamentum fl avum (LF), and neural complex (N). (D) A 200-μm-thick sagittally 
cut histological darkfield section from a 70-year-old female cadaver showing a cartilage endplate (CEP) microfracture 
(tailed arrow) of the caudal (inferior) endplate of the L5-S1 disc (D). Te intervertebral disc shows degeneration with 
internal disc disruption and posterior protrusion of part of the annulus fi brosus. Tis causes the protruding disc’s 
lamellae (L) to arch around the posteriorly migrating nucleus pulposus (NP) toward the spinal canal, thus elevating 
the posterior longitudinal ligament (P). Te annular lamellae attach to (1) the CEP and (2) the bone plate (B) (fused 
ring epiphysis) as Sharpey’s fibres. Note the proximity of the CEP to the bone plate, both of which are associated with 
haematopoietic marrow elements, particularly the CEPs (see Figure 3.19). Te bulging disc with the posterior longi-
tudinal ligament press upon the adjacent blood vessels (V). L5 = fifth lumbar vertebral body; S1 = first sacral body. 

Source: (D) Reproduced with permission from Giles LGF, 100 Challenging Spinal Pain Syndrome Cases, Churchill 
Livingstone Elsevier, Edinburgh, © Elsevier, 2009. 
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Lateral view images of a 27-year-old male’s lumbosa- to continuing significant low back pain, a CT scan was 
cral spine, following a fall off  a ladder onto his low back performed six months following the fall (Figure 4.33B 
on a hard surface, resulting in low back pain, are shown and D) and was followed by an MR examination shortly 
in Figure 4.33A to D. Te plain X-ray was taken four thereafter ( Fig  ure 4.33C ). Te CT and MRI images 
months post injury (Figure 4.33A) and only just gives an showed a Schmorl’s node type compression fracture in 
outline of a possible Schmorl’s node in the superior sur- the superior surface of the sacrum, with typical early 
face of the sacrum that went unreported at the time. Due sclerotic changes; these also went unreported. 

FIGURE 4.33 (A) Lumbosacral spine plain X-ray lateral view showing the suspicion of a Schmorl’s node type com-
pression fracture in the S1 superior endplate (black arrows). (B) Lumbosacral spine sagittal CT bone window scan show-
ing a Schmorl’s node compression fracture in the superior endplate of the S1 body (white arrows). (C) Lumbosacral spine
MRI sagittal T2-weighted image showing a typical Schmorl’s node type compression fracture of the superior endplate of
S1 body (small white arrows). Te lumbar discs have normal hydration. (D) Axial CT scan of the first sacral segment (S1) 
through the Schmorl’s node (arrows) shown in (B). R = right side of patient; S = spinous process.

 Te characteristic appearance of a Schmorl’s node is a intensity on T2-weighted images; it was confi rmed by 
well-circumscribed rounded lucency in a vertebral body, histological examination that the MRI fi nding indicated 
with associated endplate defect and a thin sclerotic rim the presence of inflammation and oedema in the verte-
(Carr et al 2012), and anatomical studies have repeat- bral bone marrow; these MRI findings were not seen in 
edly shown that there is more extensive pathology than is asymptomatic individuals—inflammatory changes in the 
visualized upon radiography (Hadley 1964). vertebral body marrow induced by intraosseous fracture 
In a study of Schmorl’s nodes and low back pain and biological reactions to intraspongious disc material 

using MRI, Takahashi et al (1995) found the following: might cause pain; MRI is not only useful in detecting a 
in all symptomatic cases, the vertebral body marrow recently developed Schmorl’s node but also in diff erenti-
surrounding the Schmorl’s node was seen as low sig- ating between symptomatic and asymptomatic Schmorl’s 
nal intensity on T1-weighted images and as high signal nodes. Furthermore, in the treatment of symptomatic 
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Schmorl’s nodes using percutaneous vertebroplasty, this
was found to be an effective and safe procedure when the 
nodes were refractory to medical or physical therapy (He
et al 2017). 

5. Posterior Migration and Leakage of 
Nuclear Material (Figure 4.34) 
Clinical relevance: A nucleus pulposus displace-

ment due to an annular tear (or fi ssure) allowing 
nuclear material to leak out of the disc ( Giles 1992 (b)) 
(Figure 4.34B) can cause  discogenic back pain and sci-
atica ( Grönblad et al 1997 ) due to chemical irritation 
of adjacent neural structures, i.e.  chemical radiculopa-
thy ( Marshall et al 1973 ;  Marshall et al 1977 ;  Goupille 
et al 1998 ,  2006 ;  Slipman et al 2002 ;  Byun et al 2012 )
with the involvement of leakage of chemical mediators
or inflammatory cytokines, which are produced in the 
painful disc ( Peng et al 2007 ). Unfortunately, annular 
tears may not be seen even on sensitive imaging such
as MR ( Giles 2003(b )) and Eriksson et al (2022) confi rm
that, although MRI is a sensitive method, fi ssures are 
sometimes unobservable in T2-weighted MR images. 

FIGURE 4.34 (A) Part of a spinal column extending from L3 to S2 is shown bisected in the sagittal plane. T e 
intervertebral discs appear to be relatively normal for a 78-year-old male cadaver. B = basivertebral vein canal; C = 
cauda equina; D = dural tube; I = interspinous ligament; L = ligamentum flavum; P = posterior longitudinal liga-
ment; S = spinous process; V = veins of the anterior internal vertebral (epidural) plexus within the spinal canal. (B) A 
200-μm-thick parasagittal histological section from the rectangular area shown on (A) and cut through the pedicles, 
viewed by light microscopy, showing a tear within the L4–5 intervertebral disc with retrograde movement of nuclear 
material in this disc (white arrows). Te tear region of the disc is enlarged on the right. C = capsule (inferiorly) of the 
L4–5 zygapophysial joint; D = intervertebral disc; H = hyaline articular cartilage on the facet of the inferior articular 
process (IAP) of the L4 vertebra; L4 = part of the fourth lumbar vertebral body; L5 = part of the fifth lumbar vertebral 
body; LF = ligamentum fl avum; M = muscle; N = neural complex within the nerve root sheath located in the pear-
shaped intervertebral foramen; P = pedicle of the L5 vertebra; S = synovial fold projecting into the inferior recess of 
the zygapophysial joint at the L5-S1 level; S1 = first sacral segment; SAP = superior articular process of the L5 vertebra. 

Source: (B) Reproduced with permission from Giles LGF, Ligaments traversing the intervertebral canals of the 
human lower lumbosacral spine. Neuro-Ortho 13:25–38, 1992(b), Springer Nature. 
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 Briefly, a clinical example to emphasize the important 
issue of a disc tear follows. A 20-year-old male who pre-
sented with central ‘moderate’ low back pain with some 
radiation down the lateral aspect of his left leg and paraes-
thesias in the left foot that followed heavy lifting at work 
six months before consultation. He said previous consul-
tations had included referrals for MR imaging (reported 
as being ‘normal’) and that the consultations had not 
explained the cause of his ‘genuine’ symptoms. He had sub-
sequently been told that he did not have an injury enabling
him to claim for Workers’ Compensation. He was disillu-
sioned and depressed as he had pain that prevented him 
from working. In view of this, a CT myelogram ( Figure 

4.34C) was requested and it showed a “ full thickness left 
posterolateral tear in the annular fibres (arrows) with some
internal disc disruption centrally”. 
When the substance of the nucleus pulposus comes into

contact with sensory nerves of the epidural tissues including
the outer annulus it: (i) induces degeneration of nerve fi bres,
(ii) increases discharge of nerve fibres, (iii) attracts infl am-
matory cells (cellular mediators of pain), and (iv) induces
increased intraneural capillary permeability (di Zerega et al
2010) resulting in low back pain.
 Te patient was very pleased to finally have a diagno-

sis made and to be told that he had a genuine organic 
condition! 

FIGURE 4.34 (C) Post-myelogram axial CT scan of the L5-S1 disc in a 20-year-old male. 

Source: Reproduced with permission from Giles LGF, 100 Challenging Spinal Pain Syndrome Cases, Churchill 
Livingstone Elsevier, Edinburgh, © Elsevier, 2009. 
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6. Blood Vessels Associated with 
Intervertebral Disc Degenerative
Changes and Accompanying Vascular
Ingrowth (Figures 4.35 and 4.36) 
Clinical relevance: Annulus fissures provide a low-

pressure microenvironment that allows focal proteo-
glycan loss, leaving a matrix that is mechanically and 
chemically conducive to the ingrowth of nerves and blood 
vessels (Stefanakis et al 2012), i.e. these degenerative  

changes allow the  nerves and blood vessels in the periph-
eral annulus of adult IVDs to grow inwards and to 
become associated with discogenic pain (Lama et al 2018;
Binch et al 2021). In addition, degenerative disc disease 
with disc protrusion and osteophytic proliferation may 
lead to compression of epidural veins, with dilation of 
non-compressed veins and venous obstruction, resulting 
in hypoxia that leads to nerve root damage (Jayson 1992). 

FIGURE 4.35 A 200-μm-thick histological section cut in the para-sagittal plane through part of the right L4–5 
and L5-S1 intervertebral foramina, and the L4–5 zygapophysial joint of a 62-year-old male cadaver. IAP = inferior 
articular process of the L4 vertebra and the adjacent superior articular process of the L5 vertebra; L = ligamentum 
fl avum; L4 = fourth lumbar vertebral body; L5 = fifth lumbar vertebral body; N = neural complex in the respective 
intervertebral foramina; R = root sleeve containing neural and vascular structures. Blood vessel (BV) ingrowth into 
the posterior parts of both the degenerating discs is present. Te L4–5 level disc bulge is accompanied by osteophytes 
(O). An L4–5 zygapophysial joint fibrous intra-articular structure (F) projects from the ligamentum flavum (L) into 
the upper pole of the degenerating zygapophysial joint that shows loss of facet hyaline cartilage. A large synovial fold
(SF) is noted in the inferior pole. 

Source: Reproduced with permission from Giles LGF, 100 Challenging Spinal Pain Syndrome Cases, Churchill 
Livingstone Elsevier, Edinburgh, © Elsevier, 2009. 



  

 

  
  

 124 Mechanical Lumbosacral Spine Pain 

FIGURE 4.36 (A) A 150-μm-thick histological section from a degenerating L4–5 intervertebral disc (IVD) of an 
82-year-old female cadaver showing blood vessel (BV) ingrowth within the degenerating disc that has a minor poste-
rior intervertebral disc bulge (white arrow). (B) Represents an enlargement of the area in the rectangle in (A), showing 
part of the disc that has several blood vessels (BV) within it. 

Sophisticated contrast MR imaging would be necessary to show blood vessels within an IVD to best 
advantage. 
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7. Vertebral Body Posterolateral Clinical relevance: Osteophytes projecting from the 
Osteophytes (Figure 4.37) vertebral body postero-laterally and mechanically press-

ing upon adjacent neural structures will cause pain 
(Kobayashi et al 2005). 

FIGURE 4.37 A 200-μm-thick axial histological section from the L5-S1 level of a 60-year-old female cadaver. On 
the left (L) and right sides (R) there are posterolateral osteophytes (arrows) abutting the adjacent neural complexes 
(N) that are being deformed by the osteophytes (enlarged on the right side). Note the extensive blood vessels (B) 
around the neural complex on the right side and, to a lesser extent, on the left. A = arachnoid mater of the dural tube
(D), containing the CSF; C = cauda equina nerve roots within the lumbar dural tube; E = epidural fat in the epidural
space; FC = fibrous capsule posteriorly of the zygapophysial joint; H = hyaline articular cartilage on the zygapophysial 
joint facet surfaces; L5 IAP = inferior articular process of the L5 vertebra; LF = ligamentum fl avum that covers the 
medial aspect of the zygapophysial joint; L5 = body of the L5 vertebra; PAG = paraspinal autonomic ganglion; SAP = 
superior articular process of the sacrum; S = spinous process. 

 Tis type of posterolateral osteophytic lipping should be seen on CT or MRI axial scans. However, the best 
way to obtain good detail of such neural distortion would be to use the technique of high-resolution 3D-CISS 
MR images. 
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8. Intervertebral Disc Protrusion with Vertebral 
Body Lateral Osteophytes (Figure 4.38)
Clinical relevance: Te osteophytes cause mechani-

cal pressure upon—and traction of—the paraverte-
bral autonomic ganglia ( Nathan 1962 ,  1968 ,  1987 ) and 
have been implicated in the  vertebrogenic autonomic 
syndrome (Jinkins et al 1989 ;  Jinkins 1997). T is far-
reaching perplexing combined somatic autonomic
neurogenic syndrome stems from spinal disease that 
includes varying degrees of (i) local somatic pain, (ii)
centripetally (aff erent)/centrifugally (eff erent) referred 
pain, (iii)  local and referred sympathetic refl ex dysfunc-
tion (diaphoresis, piloerection, vasomotor changes, 

Mechanical Lumbosacral Spine Pain 

somatic muscle spasm), (iv) somatic refl ex dysfunction, 
(v) somatic muscle weakness, (vi) peripheral somatic 
dysethesias, and (vii) generalized alterations in vis-
cerosomatic tone (blood pressure, heart rate, respira-
tory rate, alertness) (Jinkins 1997).
 Te plain X-ray anteroposterior view (Figure 4.38A) 

illustrates the principle that neurological tissues of the 
spine cannot be seen on plain X-ray images. T erefore, 
the neurological implications of the lateral osteophytes 
on the vertebral bodies would be overlooked if the clini-
cian treating a patient is not aware of the possible neuro-
anatomical structures being mechanically deformed. 

FIGURE 4.38 (A) Radiograph showing the L5-S1 intervertebral disc space (D) of a 73-year-old male cadaver. Note 
the lateral osteophytes on the vertebral bodies adjacent to the intervertebral disc, but the X-ray view cannot illus-
trate the mechanical pressure upon, or traction of, the deformed paraspinal autonomic nervous system chain. (B) 
A 100-μm-thick coronal plane histological section from the approximate area shown in the rectangle in (A) that
illustrates the degenerating intervertebral disc (D) with lateral intervertebral disc protrusion (white arrow) and asso-
ciated osteophyte (O) on the L5 body. Te paraspinal autonomic chain (black arrows) being mechanically tractioned 
and deformed by the large osteophyte on the inferolateral margin of the body of the L5 vertebra is illustrated. (C) A 
magnified view of a paraspinal autonomic ganglion (G), containing cell bodies, that appears to be deformed and trac-
tioned by the large osteophyte (O). 

Source: From Taylor JR, Giles LGF, Lumbar intervertebral discs. In: Giles LGF, Singer K P (eds) Clinical anatomy 
and management of low back pain, Butterworth-Heinemann, Edinburgh, © Elsevier, 1997, p. 49–71. 

 Te paravertebral ganglia and their left and right sympathetic chains (or trunks) can be identified on high-
resolution 3D-CISS MR imaging to visualizing structures not typically seen with standard spine MR imag-
ing techniques (Chaudhry et al 2018). 
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9. Adhesion Formation between a Nerve 
Root Sleeve and an Intervertebral 
Disc Protrusion (Figure 4.39)
Clinical relevance: Acute discal herniation accom-

panied by non-specifi c inflammation and venous stasis 
(Breig 1978) in which the pH is lowered ( Nachemson 

1969) may be accompanied by oedema of the dura and 
root sheath, with vasodilation and consequent scarring 
that may then anchor the dural root-sheath to the her-
niated disc (Breig et al 1963;  Ido et al 2001). Adhesions 
between dural sleeves and an IVD protrusion are a 
known source of pain (Wilkinson 1986;  Ido et al 2001). 

FIGURE 4.39 A 200-μm-thick histological section, cut in the parasagittal plane through the lumbosacral inter-
vertebral disc of a 59-year-old female cadaver, showing a disc protrusion (small curved white arrow) with perineural 
adhesions (black arrows) between the protrusion and the adjacent dural sleeve (tailed arrow) containing neural struc-
tures (N). D = intervertebral disc showing internal disc disruption; L5 = fifth lumbar vertebral body; S1 = fi rst sacral 
segment. Note the extensive Batson’s venous plexus vascularity (V) posterior to the sacrum and blood vessels within 
and around the neural structures. 

Source: Reproduced with permission from Taylor JR, Giles LGF, Lumbar intervertebral discs. In: Giles LGF,  
Singer KP (eds) Clinical anatomy and management of low back pain, Butterworth-Heinemann, Edinburgh, © 
Elsevier, 1997, p. 49–71. 

Plain X-ray examination would show disc space thinning and the associated lipping of the vertebral bodies
but not the nerve root adhesion—the latter would require an MRI investigation. 
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10. Pressure upon Neural Structures within
the Intervertebral Foramen (Figure 4.40) 

Clinical relevance: Deformation of the nerve root or 
nerve root ganglion can be related to clinical symptoms
such as pain and neurological deficit in the back and legs
(Olmarker 1991). Pressure upon neural structures such 
as a nerve root or nerve root ganglion will cause pain 
(Rydevik et al 1984;  Kobayashi et al 2005) as nerve fi bres
(especially those of large diameter) are exquisitely vul-
nerable to localized pressure diff erences (Schaumburg 
et al 1975). In the intervertebral foramen, a condition 
that may render a peripheral sensory nerve susceptible 
to compressive effects can occur due to osteophytosis,
which alters the course of a nerve, serving as a point of 
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friction (Lam et al 2020) (Figure 4.40). Both ischaemic 
and mechanical factors are involved in the development 
of compression neuropathy, and it is likely that the 
greater the duration and amount of pressure, the more 
significant is neural dysfunction (Mackinnon 2002). 
Furthermore, disc protrusion may lead to compres-
sion of epidural veins with dilation of non-compressed 
veins (Jayson 1992). Histopathologic fi ndings of fi brosis, 
with thickening of the external epineurium and peri-
neurium would interfere with blood flow as the vessels 
pass through the epineurium and perineurium and pro-
duce dynamic ischaemia to the nerve fi bres (Mackinnon 
2002). Intra-foraminal fibrosis may cause foraminal neu-
ropathy (Choi 2019). 

FIGURE 4.40 A 100-μm-thick parasagittal histological section across the lumbosacral intervertebral foramen of 
a 73-year-old male cadaver. Note the large osteophytic spur (S) and the associated lumbosacral intervertebral disc 
protrusion (D). Tis disc-osteophyte complex projects 5 mm into the posterolateral region of the intervertebral fora-
men and deforms the adjacent neural complex (N) that includes part of the dorsal root ganglion, resulting in some 
epineurial fi brosis. Te ligamentum flavum (L) is seen adjacent to an osteophytic spur (S) on the superior articular 
process of the first sacral segment that shows some hyaline articular cartilage (H). Tis spur and the intervertebral 
disc protrusion with adjacent bony spur, considerably lessen the anteroposterior diameter of the central part of the 
intervertebral foramen. T = part of a transforaminal ligament. 

Source: Reproduced with permission from Giles LGF, Kaveri MJP, Some osseous and soft tissue causes of human
intervertebral canal (foramen) stenosis. J Rheumatol 17: 1474–1481, 1990. 

A plain X-ray would show the disc thinning and the associated osteophytes but not the neural structures—
the latter would require MR imaging. 
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 11.  Transforaminal Ligaments Traversing 1992(b);  Cramer et al 2002) giving rise to severe pain  
the Intervertebral Foramen and 
Teir Innervation (Figure 4.41)

Clinical relevance: Transforaminal ligaments are 
considered normal structures (Amonoo-Kuofi et al 1997)
but, under altered conditions such as structural varia-
tions or pathological change, they may be predisposed to 
pain or produce pain due to direct mechanical pressure 
on the neural complex (Amonoo-Kuofi  et al 1997;  Giles 

and paraesthesiae along the distribution of the nerve 
( Amonoo-Kuofi et al 1997).
 Te transforaminal ligament in Figure 4.41A  was 

resected and examined by high power light microscopy 
using thin sections stained with Richardson’s stain (Giles 
et al 1991) to show its structure in greater detail (Figure 
4.41B ). 

FIGURE 4.41 (A) A 200-μm-thick histological section cut in the parasagittal plain across the left L4–5 interverte-
bral foramen of a 69-year-old male cadaver. Te arrow shows a ligament within the foramen that traverses the lower 
part of the intervertebral canal, thus bisecting it. Te width and thickness of the ligament within the intervertebral 
foramen is 4 mm. B = blood vessel; D = intervertebral disc with posterolateral protrusion due to internal disc dis-
ruption and fissuring; L = ligamentum flavum (buckled); L4 = fourth lumbar vertebral body; N = neural complex; 
P = pedicle of L4 vertebra; S = spur posterolaterally on the inferior margin of the L4 vertebral body adjacent to the 
disc protrusion; L5 SAP = fifth lumbar superior articular process. 

FIGURE 4.41 (B) A 1-μm-thick section of the transforaminal ligament shown in (A) that contains elastic fi bres (E), 
a small myelinated nerve (N), and blood vessels (BV). 

Source: Reproduced with permission from Giles LGF, Ligaments traversing the intervertebral canals of the  
human lower lumbosacral spine. Neuro-Ortho 13:25–38, 1992(b), Springer Nature. 

Transforaminal ligaments may be seen and reported on by experienced MRI radiologists. 
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12. Interspinous Ligament Injury Due 
to ‘Kissing Spinouses’ i.e. Baastrup’s 
Disease or Syndrome (Figure 4.42)

Clinical relevance: Lumbar interspinous ligaments
consist of thin and short fibres connecting adjacent spi-
nous processes—they are well vascularized and contain 
sensory nerves ( Iwanaga et al 2019 ) as they are innervated 
by branches of the posterior ramus of the spinal nerve 
( Jinkins 2004(b )). Tey form a continuous band with the 
supraspinous ligament posteriorly (Wong et al 2007 ) and 
the ligamenta fl ava anteriorly. 
Intermittent mechanical compression of the interspi-

nous ligaments, due to ‘kissing spinouses’ destroys the 
ligament, and a fibrocartilage bumper can develop on the 
opposing spinous processes i.e. on each side of the joint 
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space; normally the spinous processes are only covered 
with periosteum, and there is no fi brocartilage bumper 
but, due to the intermittent compression, an adventi-
tious bursa may develop (Hadley 1964). Te trauma to 
the interspinous ligaments causes degenerative changes, 
which are a common cause of low back pain syndrome 
(Schmorl et al 1971;  Epstein 1976; Jinkins 2004(b); 
Philipp et al 2016). In due course, degenerative changes 
can be seen radiologically as sclerosis and  osteophytosis 
(Kellgren 1939) and the most commonly affected level is 
at L4–5 (Philip et al 2016).
A plain X-ray example of kissing spinouses and a 

histological section are shown in Figure 4.42A  and  B, 
respectively. 

FIGURE 4.42 (A) Plain X-ray of an 83-year-old female cadaver’s spine showing sclerotic changes (arrows), particularly at
L3–4—and to some extent at L4–5—spinous processes due to ‘kissing’ spinouses.(B) Sagittal plane histological section cut at 150
μm thickness from a 72-year-old female cadaver’s spine at the L4–5 interspinous (I) region showing that a fi brocartilagebumper
(FC) has developed on opposing spinous process surfaces. In addition, this section shows some disruption of the supraspinous
ligament (S) that can also be a source of pain due to its free nerve endings near the attachment to the spinous processes (Yahia 
et al 1988). 

Source: (B) Reproduced with permission from Giles LGF, Anatomical Basis of Low Back Pain. Williams and 
Wilkins, Baltimore, © Wolters Kluwer, 1989 p. 105, 106. 

Plain X-ray images would not show early mechanically induced degenerative changes of an interspinous
ligament being compressed; later sclerotic changes become visible. Terefore, if the clinician is suspicious of
low back pain being due to interspinous soft tissue compression, in order to see the interspinous ligament by 
imaging requires T2-weighted fast spin echo, fat-suppressed images in the sagittal, axial, and coronal planes
as this will allow the visualization of interspinous ligament degeneration (Jinkins 2004(b)). 
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13. Spondylolysis Due to Isthmus 
Mechanical Stress Fracture—X-Ray 
and a Histological Example 
(Figure 4.43)

Clinical relevance: Pars interarticularis (isthmus)
fractures can cause low back pain and should be promptly
diagnosed (Duarte et al 2021); when they are symptomatic, 

the low back pain frequently radiates to the buttock or 
proximal lower limb (Syrmoue et al 2010).
 Te intact pars interarticularis (or isthmus) is illustrated

anatomically in a partly oblique view of an L4 vertebra  
(Figure 4.43A) and radiologically in Figure 4.43B, which 
shows normal pars interarticulares above L5 vertebra 
where there is a bilateral fracture of the Scotty dog’s neck. 

FIGURE 4.43 (A) A pars interarticularis defect may be unilateral or bilateral. Te black lines represent the approx-
imate region of fracture of the isthmus. IAP = inferior articular process; L = lamina; SAP = superior articular process; 
SP = spinous process; TVP = transverse process. (B) Left and right 45-degree oblique (i.e. position of the patient’s 
body to the X-ray film) plain X-ray radiographs of the L1 to S1 spinal levels showing normal ‘Scotty dogs’ of Lachapelle 
(1880–1934) above the L5 vertebral level. Normal ‘Scotty dog’ anatomy is illustrated at the L4 level: 1 = snout (trans-
verse process); 2 = eye (pedicle); 3 = ear (superior articular process); 4 = neck (pars interarticularis or isthmus); 5 = 
body (lamina); 6 = front leg (inferior articular process); 7 = back leg (arch and inferior process of the opposite side of 
the vertebra). At the L5 level the Scotty dog has a broken neck (arrows) on each side, which represents spondylolysis 
bilaterally i.e. a mechanical stress fracture of each isthmus. (C) Axial CT scan of the L5 vertebra to show the left and 
right pars interarticularis defects (arrows). 

Source: (B) and (C) reproduced with permission of Morimoto M et al, Is the Scotty dog sign adequate for diag-
nosis of fractures in pediatric patients with lumbar spondylolysis? Spine Surg Relat Res 3(1): 49–53, 2019, doi:
10.22603/ssrr.2017–0099 © Japanese Society for Spine Surgery and Related Research. Figure B has been modifi ed
in that numbers 1–7 have been added as well as L3 and L4. 

https://doi.org/10.22603/ssrr.2017%E2%80%930099
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 Tis mechanical stress or fatigue fracture of the pars 
interarticularis (Baker et al 1956;  Wiltse et al 1975;  
Jackson 1979) may later result in forward slipping of the 
vertebral body to cause spondylolisthesis ( Panteliadis et 
al 2016). Lumbo-sacral spine radiographs of 143 patients 
(av. age = 27 years) who had never walked and who had  no 
isthmus defects support the theory that spondylolysis and 
isthmic spondylolisthesis (with a combined incidence of 
5.8% in the general population) represent a  fatigue frac-
ture resulting from activities associated with ambulation
(Rosenberg et al 1981).
Advanced imaging procedures, such a MRI are rec-

ommended in the early stage of lumbar spondylosis in 

paediatric patients requiring conservative treatment to 
achieve bony healing (Morimoto et al 2019).
 Te isthmus defect should be seen in a lumbosacral 

spine lateral view of a patient but requires the patient to 
be correctly positioned for plain X-ray imaging (i.e. with-
out rotation) and the X-ray  exposure needs to be optimal
in order to penetrate the L5 interarticularis area, because 
the iliac crests can be superimposed over the defect and 
obliterate part of the isthmus (Figure 4.43D). A histologi-
cal section from a cadaver showing a pathological lesion
of spondylolysis is shown in Figure 4.43E. 

FIGURE 4.43 (D) A plain X-ray lateral view of the lumbosacral region of a 30-year-old male patient who suff ers from
low back pain due to slipping on steps and sitting down heavily, resulting in immediate central to left lower L5-S1 pain, 
18 months before consultation. On examination there were no positive signs except for aggravation of his localized 
L5-S1 pain on full lumbar spine flexion and extension. X-ray examination was reported as being ‘normal’. However, 
there is a pars interarticularis defect of the L5 isthmus (large white arrows). T is briefly mentioned case is to illustrate 
the issue that, because the iliac crests (small white arrows) can partly obliterate the pars interarticularis region, it is 
important to carefully examine the X-ray images. (E) A 200-μm-thick parasagittal histological section from a 78-year-
old male cadaver cut to include the isthmus defect (white arrow), which has developed fi brocartilaginous type tissue on
both bony surfaces i.e. not hyaline articular cartilage—some of the fibrocartilaginous tissue crosses the isthmus defect
in an attempt to repair the facture. Tere is a distinct bony cortex on each side of the defect. C = fibrous joint capsule (dis-
rupted); D = intervertebral discs; H = hyaline articular cartilage; IAP L5 = inferior articular process of the fi fth lumbar
vertebra (L5); L = ligamentum flavum (presumably disrupted due to an injury that caused the isthmus defect); IAP L4 = 
inferior articular process of the 4th lumbar vertebra; M = muscle; N = neural complex within the intervertebral fora-
men; P = pedicle of L5; S1 = first sacral segment with its superior articular process (SAP). Black arrow shows a synovial 
fold. 

Source: Reproduced with permission from Giles LGF, Miscellaneous pathological and developmental (anomalous) 
conditions. In: Giles LGF and Singer KP (eds) Clinical anatomy and management of low back pain. Butterworth-
Heinemann, Edinburgh, © Elsevier, 1997(c). 
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 Miscellaneous Conditions 
1. Ossicles of Lumbar Vertebra Posterior 

Elements (Figures 4.44 and 4.45) 
Background:Primary ossification centres start appear-

ing at nine weeks  in utero and complete primary ossifi -
cation by one year (Knipe et al 2021). A typical lumbar 
vertebra is ossified from three primary ossifi cation cen-
tres i.e. one in each half vertebral arch and one in the 
centrum (Soames 1995 ;  Knipe et al 2021). Secondary 
ossification centres, of which there are seven (Prakash 
et al 2007) to nine (Meschan 1962), are a normal fi nd-
ing and appear at puberty and fuse by 25–30 years of age 
(Carr et al 2012;  Matesan et al 2016;  Knipe et al 2021) 
although occasionally these centres may remain unfused 

FIGURE 4.44 Te approximate location of the second-
ary ossification centres of a lumbar vertebra are illustrated.
Tere is a ring (or annular) epiphysis at the upper and lower
surfaces, respectively, of the vertebral body (Knipe et al 
2021), one at the tip of the spinous process, one at the tip
of each transverse process (Soames 1995; Knipe et al 2021),
and one on each mammillary process of the superior articu-
lar processes of the vertebra (Rothman et al 1992). In addi-
tion, Meschan (1962) shows two ossification centres at the 
inferior articular process tips. 

until later into adulthood (Carr et al 2012). T e ossifi ca-
tion centres are located as shown in Figure 4.44. 
 Te secondary ossification centres may represent 

potential sites for unfused ossicles of the lumbar spine 
(Pech et al 1985).
Clinical relevance: Variations and anomalies of the 

neural arch result from alterations in the ossifi cation 
process, but these conditions usually remain asymp-
tomatic, although a small number of these variations 
and anomalies may  result in painful syndromes and/or 
fractures (Basara et al 2015) that may be readily identi-
fied on multi-detector computed tomography (MDCT)
studies (Mellado et al 2011(a)). (MDCT refers to a refor-
matted MDCT procedure (Stöppler 2021)). T eir most 

common location is the inferior articular processes of 
L2 or L3 (Pech et al 1985). Although the size of the ossi-
cle varies, it always has  well corticated smooth margins, 
unlike fractures, which are irregular and often mul-
tiple—they are bilateral or multiple in approximately 
20% of cases (Pech et al 1985) and the incidence of 
lumbar unfused ossicles is 0.5–1.5% (Fulton et al 1934).
Unfused lumbar ossicles rarely have any clinical signifi -
cance although, when subjected to trauma, the ossicle
may cause persistent low back pain (Hipps 1939;  Pech 
et al 1985).
Basara et al (2015) report a case of a 47-year-old male 

with lower back pain who was examined before being 
referred for radiological evaluations where plain X-ray 
imaging indicated, at the bilateral inferior articular pro-
cess of the L2 vertebra, two 8 mm ‘ossicles’ that were seen 
and confirmed by MDCT examination and diagnosed as
‘Oppenheimer’s ossicles’—following excision of the ossi-
cle, the patient recovered.
‘Oppenheimer’s ossicles’ were first described as non-

fusion remnants of secondary ossification centres of 
articular processes by Oppenheimer (1942); they origi-
nate from a horizontal cleft through the inferior articular 
process (Mellado et al 2011(b)) and may be mistaken for 
a facet fracture (Keats et al 2007). Mellado et al (2011(b))
presented an example of an Oppenheimer’s ossicle located 
at the caudal aspect of the left inferior L3 articular pro-
cess (in a 39-year-old man who presented with low back
pain and sciatica), using (i) an anteroposterior  plain X-ray 
image, followed by (ii) a coronal reformatted  MDCT image.
It should be noted that ossicles of lumbar articular fac-

ets (OLAF) can be overlooked on reversed gantry angle 
CT scans and that MDCT is the most reliable investiga-
tion in the diagnosis of OLAF (Kumar et al 2012).
Young athletes with backache due to mechanical 

induced trauma of articular facets may benefi t from 
MDCT examination to investigate the possible presence
of ossicles of lumbar facets (Kumar et al 2012).
An example of ossicles at the L2–3 spinal level is illus-

trated in a plain X-ray image (Figure 4.45A). T e speci-
men’s corresponding histological structure is shown in
 Figure 4.45B ).
 Te opposite side of the bisected spine did not exhibit 

any ossicles. 
 Te three ossicles presented in Figure 4.45 are not of 

traumatic origin as they have smooth and corticated  
margins. Te pseudo-joints may well be generators of 
pain under certain movements or mechanical stresses, as
they appear to be synovial type joints lined by a fi brocar-
tilage bumper. 
 Tere has to be a clinical awareness of possible ossicles, 

and it is important for imaging to be of good quality to 
enable the clinician to visualize such ossicles, should 
a patient present with unexplained low back pain of 
mechanical origin. 
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FIGURE 4.45 (A) Plain X-ray image of part of a sagittally bisected 62-year-old cadaver’s lumbar spine, in which 
the height of the associated intervertebral disc spaces appears to be normal, suggesting no injury to the discs. T e 
L2 inferior articular process is shown with the zygapophysial joint (Z JT) anteriorly and three smoothly corticated 
bony ossicles posteriorly. (B) A corresponding (but enlarged) photomicrograph of this spine’s L2–3 zygapophysial 
joint with its hyaline articular cartilage and the L2 inferior articular process (L2 IAP) is shown, as well as three pos-
terior corticated ossicles (1, 2, 3) posterior to the inferior articular process. H = hyaline articular cartilage on oppos-
ing facets of the zygapophysial joint shows some osteoarthrotic changes. Te three white arrows indicate cartilage 
lined ‘pseudo-joints’ between the inferior articular process and the corticated ossicles. Te ossicles show a degree of 
fibrocartilage bumper on their anterior surfaces that are separated from the opposing bony surface by a pseudo-joint
between them and the bony inferior articular process of the L2 vertebra. 
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 2.  Transitional Lumbosacral Vertebrae 
Associated with Mechanical Low Back 
Pain (Figures 4.46 and 4.47) 
Clinical Relevance: Sacralization or lumbarization 

anomalies at the lumbosacral junction between the spine 
and the sacrum can cause low back pain (Keim et al 
1987 ) known as Bertolotti’s syndrome ( Bertolotti 1917). 
It is associated with the formation of a pseudo-articu-
lation between the transverse process and the sacrum 
(Jancuska et al 2015). Also, it should be noted that it is an 
important cause of low back pain in young patients (Jain
et al 2013) and that it is more common in males (Mahato
2011; Jancuska et al 2015).
Lumbosacral transitional vertebral (LSTV) anomalies 

are defined as either sacralization of the lowest lumbar 
segment or  lumbarization of the most superior sacral  
segment of the spine. Tey are relatively common anom-
alies in the general population, with a reported prevalence
of 4–30% (Konin et al 2010), with an average of approxi-
mately 25% (Gaillard et al 2021). Te incidence of these 
two types of anomalies was found to be: lumbarization
of S1–5.8%, and sacralization of L5–4.1% (French et al  
2014 ).
 Te anomaly may be unilateral or bilateral. It can 

best be imaged on a Ferguson radiograph i.e. an antero-
posterior radiograph obtained with the plain X-ray 
beam angled cranially at 30 degrees (Konin et al 2010).
LSTV anomalies are classified into four types (Castellvi 

et al 1984) and it is the Type IIb (bilateral lumbarization/
sacralization with an enlarged transverse process that  
has a diarthrodial joint between itself and the sacrum) 
that may present with a herniated lumbar disc at the level 
of transition, while also presenting with a greater than
normal incidence of herniations at the level just above the 
LSTV (Castellvi et al 1984).
Using skeletal scintography of the anomalous diar-

throdial joints in patients with LSTV, Connolly et al (2003)
showed an increased uptake at the anomalous articula-
tion between the transverse process of the LSTV and the 
sacrum in 81% of patients.
Conservative non-surgical treatment of patients with 

mechanical pain from disturbance of the anomalous artic-
ulation is by local injection of anaesthetic and steroid 
into the pseudo-articulation and radiofrequency ablation
(Konin et al 2010).
Two cases are briefly presented showing a radiographic

example of sacralization (Figure 4.46A  and  B) and  lum-
barization ( Figure 4.47A), respectively, in which both 
patients presented with localized lumbosacral pain, and 
the only clinical sign, in each case, was that of spinal fl ex-
ion and extension aggravating the low back pain. Both 
patients complained of intermittent twinges of low back 
pain on left and right rotation of the torso. 

 Sacralization 

FIGURE 4.46 (A) Routine anteroposterior radio-
graphic view of the lumbosacral area of a 38-year-old 
male who had been involved in a motor vehicle acci-
dent nine months before consultation. Note the bilateral 
sacralization with sclerotic changes (arrows) between 
the left and right dysplastic (i.e. exhibiting dysplasia; 
containing abnormal cells or showing abnormal devel-
opment) transverse processes. Tis sclerosis indicates 
diarthrodial joints (Castellvi et al 1984) between the 
sacrum and the dysplastic transverse process on each  
side. (B) Lateral view radiograph of the sacralization of 
the L5 vertebra with the sacrum (S1). White arrow shows 
a rudimentary intervertebral disc space at the sacraliza-
tion level that is much narrower than is the disc space at
L4–5, which appears to be essentially normal, apart from
slight retrolisthesis of the vertebral body of L4 on L5. T e 
latter suggested that he may have an asymptomatic small
posterior—or posterolateral—disc bulge or protrusion at
this level (Giles et al 2006—see Figure 1.3). 
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 Lumbarization 

FIGURE 4.47 (A) Routine anteroposterior radiographic view of the lumbosacral area of a 27-year-old male with low 
back pain and a left leg length discrepancy of 31 mm. Note the bilateral lumbarization with sclerotic changes bilaterally 
(large arrows), especially on the left side, between the left and right dysplastic transverse processes and the sacrum. T e 
small arrows outline the contour of the dysplastic transverse processes of the lumbarized segment bilaterally. 

Source: Reproduced with permission from Giles LGF, Anatomical Basis of Low Back Pain. Williams and Wilkins,
Baltimore, © Wolters Kluwer, 1989. 

A cadaveric ‘block’ of trimmed osteoligamentous tis- shown in Figure 4.47B. A histological section cut from 
sues X-rayed in the posteroanterior view from a 35-year- the ‘block’ of lumbosacral tissue shown in Figure 4.47B  is 
old male with lumbarization of the presacral segment is shown in Figure 4.47C. 

FIGURE 4.47 (B) Plain posteroanterior position X-ray of a trimmed block of osteoligamentous tissues from a 
35-year-old male cadaver. Note the bilaterally enlarged transverse processes of the last presacral vertebra articulating 



  

 
  

   

    
 
 

     
    

  

 

 
 

  
   
  

 
  

   

 
  

 
  

 
 

 

 

 
  

  
 

   
   

 
 
 

         

 137 Anatomical Atlas 

FIGURE 4.47 (Continued) 
with the lateral mass of the sacrum, i.e. lumbarization of the presacral segment (arrows). Z = small anomalous diar-
throdial zygapophysial ‘facet’ joints seen bilaterally. Osteoarthrotic changes are seen as sclerosis of the anomalous 
articulations. F = first sacral foramen; R = right side of specimen; S1 = first sacral segment. (C) A 200-μm-thick his-
tological section, cut in not quite an axial/horizontal plane, through the level of the bilateral lumbarizations pseudo-
articulation joints showing their staining characteristic for cartilage; this stain is also taken up by the rudimentary 
disc. Te pseudo-joints have developed a type of fibrocartilage bumper due to mechanical forces across the pseudo-
joints (arrows). C = cauda equina nerve roots; D = intervertebral disc (rudimentary) of the presacral joint; E = epidural
fat; FT = filum terminale; I = ilium; JC = fibrous joint capsule of the right small zygapophysial joint of this anomalous 
presacral segment—both zygapophysial joints show osteoarthrotic hyaline articular cartilage degenerative changes; L 
= lamina; LF = ligamentum flavum; M = muscle; N = neural complex; S = sacrum; SA = sacral ala; SC = sacral canal; 
SF = sacral foramen (canal); SP = spinous process; asterisk = fibrofatty tissue replacing posterior muscle. 

Source: Reproduced with permission from Giles LGF Miscellaneous pathological and developmental (anomalous) 
conditions. In: Giles LGF, Singer KP (eds) Clinical anatomy and management of low back pain. Butterworth-
Heinemann, Oxford, © Elsevier, 1997(c), p. 196–216.

 Te importance of an initial plain X-ray investigation facet joints, and two free transverse processes that do 
is illustrated by the two cases presented to demonstrate not articulate with the ala of the sacrum or the pelvis; 
that correct identification of a LSTV is essential, because therefore, in the case of a sacralized L5 vertebra, the  
of clinical implications, as inaccurate identifi cation may functional nerve root corresponds to the anatomical L4 
lead to surgical and procedural errors (Konin et al 2010). nerve root, whereas in patients with a lumbarized S1, 
MRI and CT follow-up would provide greater detail. the last fully mobile level is usually L6-S2 and the  func-
Konin et al’s (2010) extensive review of LSTV’s tional L5 nerve root corresponds with the L6 nerve root 

concluded that they are associated with an increased (McCulloch et al 1980). 
incidence of disc pathology in the disc above the anomaly. Finally, not only is it important to identify the correct 
In conclusion, McCulloch et al (1980) proposed that level of the LSTV for clinical diagnosis and management 

the functional L5 nerve root always originates from the of cases of Bertolotti’s syndrome, but it has been helpful 
‘last mobile’ segment of the spine, which is defi ned as in the forensic identification of the deceased ( Kanchan 
the lowest level with a fully formed disc space, bilateral et al 2009)!

 Summary 
In the General Introduction it was stated that, in a 

large number of mechanical back pain cases, it may not be
possible to identify the precise pain generator and that it is
often impossible to reach a specific diagnosis (Deyo 2002; 
Finch 2006), as many spinal structures are involved in  
nociception. It is hoped that the aforementioned anatom-
ical and histological/histopathological illustrations have 
provided the reader with insight into some of the possible 
anatomical causes of spinal pain syndromes that are often 

.origin ’ ‘non-specific classified as being of mechanical or 



  
 

 

 

  
 

  
 

   
 

  
 

 

  

  
 
 
 
 

  

  

 
  

 

Chapter  5 
THREE CLINICAL EXAMPLES ASSOCIATED WITH 

LUMBOSACRAL SPINE PAIN OF MECHANICAL ORIGIN 

Abstract: 1. Tis chapter presents three examples of disorders that can cause spinal pain of mechanical origin. T e 
effect of leg length inequality of 10 to 26 mm on the lumbosacral spine, pelvic obliquity, hip joints, and knee joints 
is described. Leg length inequality and its postural scoliosis in individuals up to the age of approximately 53 years 
can be corrected with a shoe raise; after that age a fixed curve with disc wedging and vertebral body osteophytosis 
occurs. Erect posture anteroposterior plain X-ray imaging of the pelvis and lumbar spine before and after shoe raise 
shows the effects on leg length inequality, pelvic obliquity, postural scoliosis, facet joint subluxation, hip joints, and 
the psoas major muscle shadows. 

2. Mechanically induced degenerative spondylolisthesis due to facet joint tropism, with cartilage degeneration is 
illustrated. 

3. Tethered cord occurs in infants, children and in adults and presents with a constellation of neurological signs and 
symptoms that result from mechanical traction/tension on the spinal cord between fixed points during growth. Its 
pathophysiology involves excessive mechanical tension of the spinal cord, vascular compromise, and hypoxia result-
ing in neurological impairment. 

Key words: (1) leg length inequality, pelvic obliquity, postural scoliosis, hip joints, knee joints, shoe raise, erect pos-
ture imaging, facet joint subluxation, psoas major muscle

(2) degenerative spondylolisthesis, facet tropism, cartilage degeneration
(3) tethered cord, neurological signs, neurological symptoms, spinal cord traction, spinal cord tension, pathophysi-

ology, vascular compromise, hypoxia, neurological impairment 
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 Tree examples follow to illustrate disorders that can (1) Leg Length Inequality—Its Eff ect on 
cause spinal pain of mechanical origin. Although this the Lumbosacral Spine, Hip Joints, and 
text relates to degenerative anatomical conditions that Knee Joints (‘Long Leg Arthropathy’) may cause spinal pain of mechanical origin, this chapter
has to include these three clinical examples in order to  Introduction 
show the relevance of mechanical spinal joint dysfunc- Leg length discrepancy of 1–2 cm results in a ‘short 
tion findings to clinical practice. leg limp’, which causes not only a change in the normal 
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gait pattern but also requires additional unphysiological
muscle activity—it affects the spine and the hip joint and 
can result in serious disorders (Morscher 1977).
As clinical measurements for LLI are inaccurate, it is 

doubtful whether many clinicians would trust a measured
difference of less than three-quarters of an inch (19 mm) 
( Gofton 1971 ), and ( Eichler 1977 ) found an error of 15 
mm, even in the hands of experienced examiners. T us, 
the absolute leg length i.e. the distance from the acetab-
ulum to the sole of the heel must be determined from 
X-ray images (Gofton et al 1971 ). Terefore, when LLI is 
suspected, carefully standardized radiographic erect pos-
ture examination for accurate LLI measurement is essen-
tial ( Giles et al 1981 ). 
It is important to note the types of leg lengths (Figure 

5.1). T e absolute leg length, i.e. from the femur head to 
the sole-floor contact, which includes the  sphyrion height
(the height of the medial malleolus of the tibia to the sole
of the heel (two headed arrow)) is important as it relates to 
mechanical low back pain. 

  FIGURE 5.1 Diagram illustrating the types of leg 
length: 1= Absolute leg length (including the sphyrion 
height); 2 = Clinical leg length; 3 = Apparent leg length; 
4 = Anatomical leg length; 5 = Relative leg length; Arrow 
= sphyrion height. 

  Eichler (1977 ) defined the various types of leg lengths
as summarized in the following list, using imaging or tape 
measurement: 

1. Erect posture X-ray is used for (i) an accurate 
absolute leg length measurement (1) i.e. the dis-
tance between the top of the femur head and the 
heel—floor contact, and (ii) relative leg length (5)
i.e. the distance between the articular surface of 
the hip joint and the tibio-talar joint. 

2. Clinical tape measurement is used for: (i) clinical 
leg length (2) i.e. the distance between the anterior
superior iliac spine and the distal end of the lateral
malleolus, (ii)  apparent leg length (3) i.e. the distance
between the umbilicus and the distal end of the medial 
malleolus, and (iii)  anatomical leg length (4) i.e. the
distance between the proximal end of the greater tro-
chanter to the distal end of the lateral malleolus. 

3. Functional leg length discrepancy (LLD): leg 
shortening or lengthening caused by joint contrac-
tures or by axial malalignment ( Eichler 1977) e.g. 
hip fixed deformity due to contracture of the joint 
capsule or of the muscles (Adams et al 2001). 

Clinical measurements cannot take the place of an
adequately controlled erect posture  radiologic study of 
the pelvis and the lower extremities to determine the 
absolute LLD ( Hughes et al 1977 ). Non-weightbearing
imaging of the long bones in the lower extremity, such 
as scanography, can be inaccurate for measuring LLI as 
this method does not take into account the contribution 
of the sphyrion height as demonstrated by  Giles (2009 ). 

Erect Posture Plain X-Ray Imaging 
Giles et al (1981) showed that carefully standardized erect

posture radiography had a mean error of only 1.12 mm (± 
0.92 mm) for  absolute leg length. An erect posture pelvis and
lumbar spine anteroposterior radiograph taken of a person
with LLI, standing on a horizontal steel platform with the 
film in a horizontal X-ray bucky and touching the inside 
bottom of the X-ray cassette (Giles et al 1981) is shown in
 Figure 5.2A . Tis anteroposterior radiographic view shows 
a significant LLI of 26 mm on the right side. Te lower (L3-
S1) lumbosacral spine of this patient is shown enlarged in
 Figure 5.2B . Te anteroposterior pelvis and lumbar spine
radiograph was then repeated with the patient standing on
a right foot raise of 26 mm that eliminated the pelvic obliq-
uity and the postural scoliosis (Figure 5.2C). 



      
  

  
    

 
 

  
 
 

  

     
 

140 Mechanical Lumbosacral Spine Pain 

  FIGURE 5.2 (A) An erect posture pelvis and lumbar spine anteroposterior X-ray image of a 37-year-old male. Note
the right leg length deficiency of 26 mm, the sacral obliquity of 11 mm when measured across the left and right superior
sacral notches, the lumbar postural scoliosis of 11 degrees (measured using the  Cobb (1948) method), and the more 
prominently displayed lateral border of the psoas major muscle (arrows) on the convex side.  (B) Tis enlargement of the
lower part of (A) shows: (i) the L3–4 facets on the concave side of the postural scoliosis are more closely apposed superi-
orly than on the convex side (arrows); (ii) the L4–5 facets appear to be more closely apposed superiorly than inferiorly on
the concave side (arrows), indicating misalignment (subluxation) of the paired facet joints, with reasonable apposition of
the facets on the convex side.  (C) An erect posture pelvis and lumbar spine anteroposterior image taken with the patient
standing on a right foot raise of 26 mm; this raise virtually eliminated the pelvic obliquity and the scoliosis. T e lateral 
borders of the left and right psoas major muscles now appear to be normal i.e. there is virtually no greater prominence on
either side of the spine. Te contact surface area between the femur head and the acetabulum on each side is now equal. 

Source: Reproduced with permission from Giles LGF, 100 Challenging Spinal Pain Syndrome Cases, Churchill 
Livingstone Elsevier, Edinburgh, © Elsevier, 2009. 
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 Te misalignment between facet joints (Figure 5.2B) 
suggests asymmetrical pressure changes within a zyg-
apophysial joint. As these joints are highly susceptible to 
degenerative changes and play a signifi cant role in back-
related morbidities (O’Leary et al 2017), physicians may 
suggest to patients that they should consider wearing  
a shoe raise on the short leg side in order to normalize 
paired facet joint biomechanical stresses on each side of 
the spine (Figure 5.2C).
In a histological study comparing (by measurement) 

cadaveric paired i.e. left and right facets from speci-
mens with a LLI of greater than 9 mm,  Giles et al (1984) 
showed that mid-joint geometry (i.e. at the area of  least 
wear of the hyaline articular cartilage on opposing fac-
ets) demonstrated that there was asymmetrical change 
in the thickness of the joint cartilage and of the subchon-
dral bone in the apical and lumbosacral zygapophysial
joints of the postural scoliosis. In addition, in all likeli-
hood, there will be asymmetrical mechanical stresses 
affecting anatomical structures such as the dural 
tube, nerve roots, and associated vascular structures 
with pathophysiological consequences. Using cadav-
eric spines Breig (1978) found that the pathodynamics
owing to the shortening of the lateral wall of the spinal
canal on the side toward which the vertebral column is 
flexed (concave) there is slackening of the lateral aspect
of the dura, together with the root-sheaths and nerve 
roots as well as the sciatic nerve, together with the 
sacral plexus; the elongation of the opposite wall of the
spinal canal results in stretching of all the structures on
that side. 
Furthermore, the effect of lateral flexion of the col-

umn on the spinal cord, nerve roots, dentate ligaments,
sacral plexus, and sciatic nerve is that there will be less 
tension applied to the structures on the concave side 
(long leg side) than on the corresponding structures
on the convex side (short leg side) ( Breig 1978 ), which
presumably will affect these structures and most likely
affect the movement of spinal CSF between the two
sides. Furthermore, when the spine is flexed to one side,
the canal is elongated on its convex side and shortened 
on its concave side—as a consequence of these changes
in length of the canal, there is a folding and unfolding of
the cord, which involves most of its elements, the pia,
axis cylinders, neuroglia, and blood vessels ( Breig 1960 ).
Above the lumbar cord, the dentate ligaments are espe-
cially concerned with the transmission of biomechanical
forces ( Breig 1960 ).
 Moreover, significant LLI, i.e. greater than 9 mm, with 

postural scoliosis, causes the articulating facets at a given 
zygapophysial joint level to no longer be fully congru-
ous, possibly resulting in increased friction at some point
of their gliding movement (Cailliet 1968), resulting in 
osteoarthrosis (Huskisson et al 1978). 

As a precaution, it should be noted that there may be 
a LLI but virtually no pelvic obliquity on comparing the 
left and right superior sacral notches on an erect pos-
ture anteroposterior X-ray fi lm. Terefore, this should 
always be taken into account when measuring for LLI 
(see Figure 5.3). 

  FIGURE 5.3  An erect posture pelvis and lumbar spine 
anteroposterior X-ray image of a 20-year-old female show-
ing a right leg length deficiency of 13 mm by drawing a hori-
zontal line at right angles to the plumb line and projecting it
to each femur head to enable the difference between the two 
lines to be measured in millimetres. Te broken line shows 
the inclination between the left and right femur heads. Note
that there is no postural scoliosis as a line drawn at right
angles to the plumb line to the left and right superior sacral
notches (white arrows) are almost at the same height (within
3 mm). As there is no signifi cant sacral base obliquity, this
patient would not require a shoe-raise. 

Source: Modified from Giles LGF 1984(a) Letter to 
the Editor (re: Clinical symptoms and biomechanics 
of lumbar spine and hip joint in leg length inequality; 
Friberg O 1983 Spine 8: 643–651) Spine 9: 842, https://
journals.lww.com/spinejournal/Citation/1984/11000/
To_the_Editor.20.aspx. 

https://journals.lww.com
https://journals.lww.com
https://journals.lww.com
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A further possibility is that there may be equal leg 
lengths but a presacral anomaly causes obliquity of the 
lumbosacral junction (Figure 5.4). 

  FIGURE 5.4  Tis erect posture X-ray image of a 
34-year-old male shows that the leg lengths are equal.
However, there is sacral base obliquity (lower on the right 
side by 7 mm) due to a pre-sacral L6 anomaly. T is causes 
the lumbar spine postural scoliosis of 10 degrees, with a 
more prominent psoas major muscle shadow on the con-
vex side of the spine (white arrows). 

Leg length inequality is common (McCarthy et al 2001)
with 15–18% of low back pain sufferers having a LLI of 1 
cm or more (Rush et al 1946; Giles et al 1981), and in con-
trols it was 4–8%, using erect posture imaging (Giles et al
1981). LLI may cause several different painful conditions.
Many publications and daily clinical experience leave 
no doubt that unequal leg lengths is a frequent cause of 

Mechanical Lumbosacral Spine Pain 

symptoms in the hip, pelvic or spinal areas  (Morscher 
1977). Against this background, we now look at the issue 
of LLI, beginning with some definitions to clarify the 
issue of different types of weight bearing leg lengths.
The numerous causes of LLI can be divided into 

two broad categories—acquired and congenital 
( McCarthy et al 2001 ).  Acquired causes include any-
thing that injures or slows the growth of the physis—
e.g. trauma (long bone fracture with comminution), 
infection, paralysis, tumours, or any systemic condi-
tion resulting in asymmetric innervation or vascular-
ization or radiation therapy damaging femoral or tibial
epiphyseal plates (Taillard et al 1965 ;  McCarthy et al 
2001 ). Also, iatrogenic LLI following total hip arthro-
plasty can occur, but significant LLDs (defined as > 
6 mm) can be minimized by using an intraoperative
X-ray technique ( Hofmann et al 2008 ).
 Te vast majority of patients with LLI of 1 cm or  

more have no known aetiology for this inequality 
(Ladermann 1976), which arises during growth with-
out any apparent pathology. It is considered to be asso-
ciated with ‘out of phase’ growth in the length of the 
long bone(s) of the lower limbs (Halliday 1976) prior to
skeletal maturity at approximately 19 years of age for
the femoral epiphyses.
It is important to remember that postural scoliosis and 

its correction in various age groups may be achieved by 
using a shoe raise up to the age of approximately 53 years; 
after that age, IVD wedging with associated vertebral 
body lipping occurs, resulting in a fixed curve ( Giles et al 
1981 ) ( Figure 5.5  A to D). 
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  FIGURE 5.5  (A) A 27-year-old male with a right leg length deficiency of 18 mm and accompanying postural sco-
liosis of 10 degrees, measured using the Cobb method.  (B) Te scoliosis is corrected by the patient standing on a right 
foot raise of 18 mm.  (C) A 61-year-old female with a right leg length deficiency of 10 mm and a postural scoliosis of 8 
degrees that does not correct when she stands on a right foot raise of 10 mm (D). Note the scoliosis has become fi xed, 
with degenerative changes. 

Source: (A) Giles LGF, Taylor JR 1981 Low-back pain associated with leg length inequality. Spine 6(5): 510–521,
DOI: 10.1097/00007632–198109000–00014), (B) Giles LGF, Anatomical Basis of Low Back Pain. Williams and 
Wilkins, Baltimore, © Wolters Kluwer, 1989, p. 132. 

https://doi.org/10.1097/00007632%E2%80%93198109000%E2%80%9300014


 

 
   

 
 
 
 

  

 
 

   

   

 
 

 
 

 

        
 

 

 
 

 

  
  

     

 
 

 

 
   

     

 
 

 
 

 
 
 
 
 

  
 

 
 
 
 

144 

Figure 5.5E is an enlargement of the lumbar spine (Figure
5.5C) in order to better visualize the degenerative changes
that have occurred due to abnormal mechanical stresses act-
ing on the spine over many years. 

FIGURE 5.5 (E) Note the lateral wedging of the lum-
bar discs (wider on the convex side) with associated lip-
ping of the vertebral bodies, various degrees of sclerotic 
changes of the zygapophysial joints indicating osteoar-
throtic degenerative changes involving these joints and 
the more prominent psoas muscle major on the convex
side (white arrows). 

Source: Giles LGF, Anatomical Basis of Low Back 
Pain. Baltimore, Williams and Wilkins, © Wolters 
Kluwer, 1989, p. 132. 

Hip Joint Femoral Head—Acetabulum Alignment 
Associated with Leg Length Inequality
 Te long leg may provoke the development of degenera-

tive disease in the hip joint on the long leg side as a long
leg imposes inordinate stress on its hip joint, whereas a 
short leg decreases the stress ( Gofton et al 1971 ).  Pauwels 
(1976 ) described altered weight-bearing between the left
and right hip joints in cases of ‘significant’ LLI, with the hip
joint on the  short leg side having a greater incumbent load-
bearing pressure transmitted through it as a result of the 
pelvic obliquity. However, the hip joint on the short leg side
has an increase in the joint surface contact area between 
the femoral head and the acetabulum to better distribute 

Mechanical Lumbosacral Spine Pain 

the greater incumbent body weight ( Morscher 1977 ) ( Figure
5.6A ).  Figure 5.6B  illustrates the result achieved by equal-
izing LLD with a 26 mm raise under the right foot to elimi-
nate the LLD. 
Patients who have had LLI over the years show osteoar-

throtic changes, particularly in the hip joint on the long 
leg side. 
A correlation with hip joint degenerative changes 

(osteoarthrosis) ( Gofton et al 1967 ;  Pauwels 1976 ) due to
the load on the hip joint of the longer leg being increased
( Morscher 1977 ), not only by the diminution of the area
of contact ( Figure 5.6A ) but also by an increase in tone of 
the abductor muscles, as shown by  Merchant (1965 ). 

  FIGURE 5.6  (A) Tis anteroposterior X-ray image 
shows greater coverage by the acetabular rim over the 
femur head on the  short leg side (see perpendicular white 
line drawn from the acetabular rim to the femur head). 
On the  long leg side (left), there is less area covered by 
the acetabular rim upon the femur head, as illustrated by 
the perpendicular white line. Te curved white line rep-
resents the area of the femur head not covered by the ace-
tabulum. (B) Te same patient is now standing on a right 
foot raise of 26 mm to eliminate the leg length inequality, 
so the coverage of the left and right femur heads by the 
respective acetabular rims is equalized (see perpendicu-
lar black lines), so the incumbent body weight now passes
equally through both the left and right femur heads. 

Knee Joint Osteoarthrosis Associated 
with Leg Length Inequality
Harvey et al (2010 ) examined 3026 participants aged 

50 to 79 years with or at high risk for knee osteoarthri-
tis defined as Kellgren et al (1957 ) grade 2 or greater,
and symptomatic osteoarthritis was defined as radio-
graphic disease in a constantly painful knee. They
found that, compared with LLI of less than 1 cm, LLI 
of 1 cm or more was associated with prevalent radio-
graphic and symptomatic osteoarthritis in the shorter
leg and in the longer leg and concluded that LLI was 
associated with increased symptomatic and progres-
sive osteoarthritis in the knee. LLI is a potentially mod-
ifiable risk factor for knee osteoarthritis. The knee on 
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the longer leg side is liable to earlier and more severe 
damage ( Dixon et al 1969 ). 

Zygapophysial Joints Associated
with Leg Length Inequality
The zygapophysial joint facets contribute to load 

transmission in the motion segment (An et al 2006)
and, as normal erect posture involves a permanent lor-
dosis, lower lumbar joints are always subject to a  shear-
ing force (Farfan 1978). This force will be influenced by
abnormal pelvic and spinal posture and any associated
difference between paired left and right zygapophysial 
joint  plane angles (Giles 1989). In cadaveric experi-
ments, an intervertebral load cell at the L2–3 level  
estimated that the articular facets carry 20–40% of 
the total compressive spine load in the erect posture 
(Hakim et al 1976).
Davis (1961 ) proposed that the incumbent body 

weight above the lumbosacral joint would act as a ver-
tical compression force that can be divided into two 
forces ( Figure 5.7 ). 

  FIGURE 5.7  Schematic diagram illustrating the likely 
biomechanical forces at the lumbosacral junction for the 
incumbent body weight (W) above the lumbosacral joint 
and the compressive force (C) on the sacral base, with 
a shearing force (S) along the sacral base and a  counter 
reactive force (R) to the shearing force S through the 
facets. 

In the case of a person with equal leg lengths and no
facet joint tropism, the shearing force through the paired
facets should be equal on the left and right sides.
An erect posture pelvis and lumbar spine anteroposte-

rior image of a 27-year-old male showing a left leg length
defi ciency of 12 mm and a 5-degree postural scoliosis is 
shown in  Figure 5.8 . In addition, using the plumb line for 

erect posture left and right 45-degree posterior oblique 
views, respectively, of this patient shows the method of 
measuring the plane of the joints ( Figure 5.9 ). It can be 
seen from this figure that a comparison between the left 
and right lumbosacral zygapophysial facet joint ‘angles’ 
is associated with, in this case, an 8 - degree diff erence 
between the two sides. 

  FIGURE 5.8 A 27-year-old male with a left-leg discrep-
ancy of 12 mm and a postural scoliosis of 5 degrees. Note 
the more prominently displayed psoas muscle on the con-
vex side (white arrows). 

Source: Reproduced with permission from Giles LGF  
and Taylor JR Low-back pain associated with leg length
inequality Spine 6(5): 510–521, 1981, DOI: 10.1097/ 
00007632–198109000–00014. 

A comparison between the left and right lumbosa-
cral joint angles showed that, (i) in 100 cases with a 
mean leg length difference of 13 mm an 8.7-degree (±
4.5-degree) difference was present, and (2) in 100 cases
with equal leg lengths i.e. (0–3 mm), only a 1.6-degree 
(± 1.5-degree) difference was present, representing a
statistical value of p < 0.0005. The smaller angle with
the horizontal is always on the short-leg side.
 T ese findings suggest asymmetrical mechanical load 

bearing between the joint surfaces on the left and right 
sides. 

https://doi.org/10.1097/00007632%E2%80%93198109000%E2%80%9300014
https://doi.org/10.1097/00007632%E2%80%93198109000%E2%80%9300014


  
  

      
    

     
   

   
 

  
    

 

 
  

   
    

   
      

   
 

 
      
      

 
  

  
 

  
 
 

   
 

 
    

    
  

   
 

   
 
 

  
  

 
 

 
  

    

 

     
 

 

   
  

   
   

     
 
 

 

146 Mechanical Lumbosacral Spine Pain 

  FIGURE 5.9 Measurement of left and right lumbo-
sacral facet ‘joint angle’ in the 27-year-old male in Figure
5.8 with a left leg length discrepancy of 12 mm. A horizontal
line was drawn at right angles to the vertical plumb-line, 
then a line was drawn through the plane of each facet 
joint to reach the horizontal line to enable the angles to 
be measured. 

Source: Reproduced with permission from Giles LGF,
Lumbosacral facetal ‘joint angles’ associated with leg
length inequality. Rheumatology and Rehabilitation 
20: 233–238, 1981, Springer Nature. 

Clinical Importance of Leg Length Inequality
 Te clinical importance of LLI depends on the  degree 

of inequality (Amstutz et al 1978;  Nichols 1980) and
relates to a number of possible consequences: 

1. A possible correlation with low back pain (Rush et 
al 1946;  Giles et al 1981). 

2. Abnormal electromyographic examinations of 
paraspinal muscles with LLI of > 9 mm, resulting in
abnormalities in the dynamics of the postural mus-
cles with a remarkable increase in muscle activ-
ity of several muscle groups ( Taillard et al 1965 ; 
 Morscher 1977 ). 

3. A possible correlation between the resulting pelvic
obliquity and degenerative changes in the lumbar 
spine, for example: (i) zygapophysial facet joint 
osteoarthrosis, (ii) vertebral body spondylosis,
and (iii) IVD wedging. Terefore, early correction 
of even minor degrees (1–2 cm) of LLI is recom-
mended (Morscher 1977). 

4. Excessive unilateral stress on the sacroiliac joint
i.e. its capsule, ligaments, and articular cartilage 
( Dihlmann 1980 ) ( Figure 5.10 ). 

5. A correlation with knee joint osteoarthrosis i.e. 
‘long leg arthropathy’ (Dixon et al 1969) where the 
incumbent body weight passing through the left 
and right knee joints is not equal. 

6. Trochanteric bursitis (Harvey et al 2010). 
7. Psychological difficulties associated with the aes-

thetic consequences of postural deformity (Amstutz 
et al 1978). 

  FIGURE 5.10 Axial CT scan slice of a 54-year-old male
through the sacroiliac joints (SI JT) showing the  anterior 
synovial cartilaginous part and the  posterior ligamentous
part. A = anterior; I = ilium; P = posterior; R = right. 

When considering what structures may contribute 
to mechanical low back pain in cases of LLI and pel-
vic obliquity, apart from the difference in EMG muscle 
activity between the left and right sides of the spine that
is known to occur with patients with a > 9 mm or more 
LLD (Vink et al 1989), there are other possible sources 
of low back pain arising from asymmetrical stresses  
affecting soft tissues of the spine. A postmortem his-
tological section is shown in Figure 5.11, which shows 

  FIGURE 5.11 A 100-μm-thick slightly oblique axial his-
tological section of the lumbosacral zygapophysial joints at
the level of the inferior joint recesses from a 54-year-old 
male cadaver. Tis shows a highly vascular intra-articular 
synovial fold (black arrow) with a fibrotic tip. A = arachnoid 
mater; B = Batson’s venous plexus (anterior internal verte-
bral (epidural) plexus); BV = blood vessel; C = cauda equina;
D = dura mater; H = hyaline articular cartilage; L5 IAP = 
inferior articular process of L5 vertebra; IVD = interver-
tebral disc; JC = posterolateral fibrous joint capsule; L =
ligamentum flavum; N = neural complex; S = sacrum; SP = 
spinous process. A neurovascular bundle close to the zyg-
apophysial joint is shown by the tailed arrow. 

Source: Modified from Giles LGF, Taylor JR, Intra-
articular synovial protrusion in the lower lumbar 
apophyseal joints. Bulletin of the Hospital for Joint 
Diseases Orthopaedic Institute 42(2): 248–255, 1982. 
With permission of the publisher. 
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some soft tissue structures that may be affected in cases
of pelvic obliquity and postural scoliosis. For example, 
the fibrous joint capsule may be subjected to diff erent
stresses between the left and right sides of the spine and
the intra-articular synovial fold may become more vul-
nerable to pinching. In addition, it is possible that the 
outermost layers of the annulus fibrosus are subjected 
to abnormal stresses leading to disc injuries.
Patients who have LLD due to disorders in the lower 

extremities are at a greater risk of developing disabling 
spinal disorders due to exaggerated degenerative change; 
therefore, treatment for LLD may be helpful in prevent-
ing degenerative spinal changes (Kakushima et al 2003).
In spite of the foregoing, some clinicians still consider 

significant LLI to be 2 cm or more (Guichet et al 1991) and
arbitrarily dismiss LLI of between 1 and 2 centimetres
without any scientific basis (personal communication, J P 

Gofton 1989), even though there is no universal agreement 
on what LLI is clinically significant (Krettek et al 1994). 
According to Hoffman et al (1994), levelling of the sacral 
base by shoe raise provides statistically signifi cant relief 
from low back pain, often with spectacular reduction of 
symptoms (Williams 1974), and the lumbar pain may not
be resolved until leg lengths are equalized (Mennell 1960).
With reference to larger LLDs, Tjernstrom et al (1994)

found that correction of LLD of 3 cm and more improved
patients’ ability to work, walk, and perform recreational
activities. Tis issue requires clarification as surgical pro-
phylactic intervention can correct LLD before epiphyseal
closure (Mattassi 1993; Harcke et al 1993), whereas leg 
lengthening in adult life entails potential risks of serious 
complications ( Tjernstrom et al 1993) in a high percent-
age (72–84.8%) of cases (Dahl et al 1994;  Zippel et al  
1993 ). 
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 (2) Degenerative Spondylolisthesis 
Degenerative spondylolisthesis ( Figure 5.12) is defi ned as 

“an acquired anterior displacement of one vertebra over 
the subjacent vertebra in the sagittal plane, associated 
with degenerative zygapophysial facet changes, without an
associated disruption or defect in the vertebral ring” (arch)
(Matz et al 2014) i.e. isthmus.
 Te anterolisthesis is due to zygapophysial joint hya-

line articular cartilage degeneration and thinning across 
the facet surfaces, where the normal combined cartilage 
thickness at the  centre of an L5-S1 zygapophysial joint is 
approximately 4.58 mm ( Giles et al 1984 ). 
As an example of degenerative spondylolisthesis

(Grade 1) at the L4–5 level of a patient, a CT scout lateral 
and axial view are shown (Figure 5.13A  and  B). 

With respect to degenerative spondylolisthesis, Gao 
(2017 ) compared the number of asymmetric joints in 
degenerative spondylolisthesis and found that there was a 
significant correlation between lumbar facet joint asym-
metry and degenerative spondylolisthesis at the L4-L5 
and L5-S1 spinal levels. 
In the early stages of facet articular cartilage degen-

eration, lateral X-ray imaging views may not account for 
a patient’s low back pain and even more sophisticated
imaging such as CT or MRI would not show the origin of 
such mechanical low back pain, although tropism should 
be noted, particularly on a CT axial view. As the facet 
joint cartilage becomes thinner due to mechanical wear 
and tear, degenerative spondylolisthesis gradually begins 
to become noticeable on imaging. 

  FIGURE 5.12 Note the anterolisthesis of L5 on S1 (arrow) without a pars interarticularis (isthmus) defect. 

  FIGURE 5.13 Tis 65-year-old male presented with chronic low back pain and left lower limb radiculopathy of unknow 
aetiology. His CT scan scout view (A) showed L4 anterolisthesis on L5 (represented by two lines drawn along the anterior
margins of the L4 and L5 vertebral bodies, respectively). (B) shows bilateral zygapophysial joint lipping posteriorly (tailed
arrows), as well as gas in the degenerating zygapophysial joint spaces (two short arrows) especially on the right side. T ere
is localized spinal canal and intervertebral canal stenosis due to intervertebral disc bulging on the left side (arrow). 
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(3) Tethered Cord Syndrome
 Introduction 
Tethered cord syndrome (TCS) may well be over-

looked unless clinicians are familiar with this condition. 
 Te majority of patients with TCS are children and 

infants but TCS also occurs in adults ( Nakashima et al 
2016 ). Tere may be a history of  unusual growth spurt 
perhaps causing  mechanical stretching of the cord that 
grows more slowly than the spinal column, thus causing 
increased tension in the L-S cord between its tethered 
caudal part (coccyx) and the lowest pair of dentate liga-
ments (Yamada et al 1981). Te dentate ligaments extend 
from the pia mater to the inner dural surface between 
anterior and posterior nerve roots down to T12—L1 
(Yamada et al 2007). TCS occurs as a constellation of  
neurologic signs and symptoms resulting from longitu-
dinal traction on the spinal cord between fi xed points— 
this condition involves a tug-of-war between ascent and 
inhibition of ascent of intrathecal nervous tissue within 
the vertebral canal during growth ( T eodore 2016).
 Tus, the pathophysiology of TCS involves excessive 

mechanical tension of the spinal cord ( Lew et al 2007 ), vascu-
lar compromise, and hypoxia resulting in metabolic derange-
ments and neurological impairment ( Filippidis et al 2010 ). 
T e stretch-induced neuronal dysfunction is manifested by
motor and sensory deficits of the lower limbs, incontinence,
and musculoskeletal deformities—its underlying mechanism
is the  impaired oxidative metabolism and electrophysi-
ologic activities in the grey matter (Yamada et al 2001 ).
 Te following TCS symptomatic approach is based on 

findings of  Yamada et al (2004).
 Symptoms

1. Some common symptoms of TCS can be: (i) pain
in the lumbar region and legs; (ii) pain aggravation
by postural changes, often by spinal fl exion and 

extension; (iii) pain with positions that straighten 
the lumbosacral spine thus elongating the canal 
length i.e. the three ‘B’ signs: Budda pose i.e. sit-
ting with legs crossed; Bending over the sink e.g. 
dish-washing or tooth-brushing; Baby holding (or 
equivalent weight) at waist level; (iv) lying supine. 

2. Other symptoms: (i) increasing diffi  culty in urina-
tion or bowel control; (ii) increased diffi  culty with 
physical stress; (iii) decreased walking distance;
(iv) leg numbness or urine dribbling after walking
some distance; (v) progressive decrease in tolerance 
to driving—worse on bumpy roads; (vi) decreased 
standing tolerance for > 60 seconds.

 Signs 
Common signs: 

1. Weakness of some muscles: (i) Weakness of small 
muscles: extensor hallucis longus (L5, S1); (ii) foot
muscle weakness on tip-toeing (S1) or on heel walk-
ing (L5); (iii) weakness of peroneus longus (L5-S2), 
posterior tibialis (L4, 5), anterior tibialis (L4, 5), or 
gastrocnemius muscles (S1, 2). 

2. Musculoskeletal deformities e.g: (i) Spinal—exag-
gerated lumbosacral lordosis, scoliosis; (ii) lower 
limb or foot e g. high-arched feet, hammer toes. 

3. Neurological Sensory deficits such as: (i) Pinprick 
to: dorsum of the feet (L5)—diminished; lower 
limbs—patchy sensory distribution; perianal area 
(S4, S5, Co1)—diminished and decreased anal 
wink reflex; (ii) Anal sphincter tone refl ex dimin-
ished on: digital insertion; voluntary contraction.

 Te preceding summary of symptoms and signs is not 
representative of a detailed differential diagnosis; how-
ever a differential diagnosis between lumbar herniated 
disc and TCS is shown in Table 5.1. 

TABLE 5.1: A Summary Of Differential Diagnostic Findings Between Intervertebral Disc Herniation and Tethered Cord 
Syndrome. Modified from  Ratliff et al 1999 ;  Yamada et al 2001 ;  Yamada et al 2004 

  DISC HERNIA    TCS  

1 RADIATING PAIN IN A DERMATOMAL PATTERN + − 
2 PAIN MAY BE BILATERAL OR NON-DERMATOMAL + + 
3  PAIN IN GROIN AND GENITO-RECTAL AREA  − + 
4 PAIN AGGRAVATED BY COUGHING OR SNEEZING (USUALLY TO PINPRICK) + − 
5 PAIN WORSE IF SLOUCHING VERSUS SITTING UPRIGHT − + 
6 PAIN WORSE ON LYING SUPINE − + 
7 EFFECTS OF 3B POSTURES  − + 
8 SUBTLE, VAGUE DERMATOMAL OR MULTIPLE DERMATOMAL SENSORY DEFICIT E.G. PATCHY  − + 

SENSORY CHANGES E.G. PERIANAL AND/OR LOWER LIMBS AND OFTEN ON DORSUM OF FOOT AND 
IN PERIANAL AREA

 9  SUBTLE MYOTOMAL DYSFUNCTION + − 
10 BLADDER DYSFUNCTION E.G. FROM URGENCY TO FREQUENCY TO ENURESIS OR INCONTINENCE − + 
11  FREQUENT URINARY TRACT INFECTION − + 
12  PARASPINAL MUSCLE SPASM + − 
13  LOCAL LUMBOSACRAL SPINE TENDERNESS + − 
14  PAIN ON STRAIGHT LEG RAISING TEST  + − 
15 MOTOR DYSFUNCTION IN 1 OR 2 MYOTOMES + − 
16 BONY DEFORMATION MAY BE PRESENT E.G. HIGH ARCHED FEET, DIFFERENCE IN SIZE OF LEGS OR FEET + − 

:   Source  Modified from  Ratliff et al 1999 ;  Yamada et al 2001 ;  Yamada et al 2004 . 
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In summary, note the importance of recognizing aggra-
vation of—or initiation of—back and lower limb pain by any
activities that cause spinal flexion and extension e.g. the 
typical three ‘B’ postures that straighten the lumbosacral 
spine, accentuating low back pain in all patients with adult
TCS (Warder et al 1993). It is important to note that early
teenagers may present with minimal prodromal symptoms
and signs before developing adult TCS (Yamada et al 1996).

 MR Imaging 
Magnetic resonance imaging is currently the most use-

ful imaging study, and some clues for diagnosis are an
elongated spinal cord, a thick filum terminale (> 2 mm in
diameter) or a fibroadipose tissue in the fi lum terminale, 
and a posteriorly displaced conus medullaris or fi lum— 
the latter is not a normal finding as the cauda equina 
fibres are usually separated by CSF from the posterior 
arachnoid membrane (Yamada et al 2001).
In patients clinically suspected of having TCS and in 

whom supine MRI depicted no abnormalities, prone MR 
imaging may provide additional information (Witkamp
et al 2001).
Furthermore, symptomatic spinal cord tethering is 

often associated with caudal positioning of the conus 
medullaris; however, TCS can also occur in the pres-
ence of structural fi lum abnormalities despite a nor-
mally positioned conus medullaris (Selden 2006). T ere 

is a subset of TCS patients in whom the tip of the conus 
lies at even liberally accepted normal levels, so clinicians
treating patients with symptoms of tethered cord syn-
drome should not treat patients simply on imaging but 
use imaging coupled with clinical symptoms and physi-
cal examination signs ( Tubbs et al 2004). 

Physiological Diagnostic Studies 
Studies such as urodynamics or electromyography of

the lower extremities may be useful (Yamada et al 2001).
For complete details, see the text Tethered Cord Syndrome 
in Children and Adults by Yamada (2010). 

Factors Associated with the Onset of TCS 
Symptoms in Adolescents and Adults

Extrinsic factors such as sport, heavy labour, and low 
back trauma (e.g. motor vehicle accident) that may cause 
sudden stretching of the spinal cord in which there  
are already oxidative-metabolically impaired neurons; 
intrinsic factors such as cumulative effects of impaired 
oxidative metabolism after  repeated cord tractioning/ 
stretching caused by flexion and extension activities lead-
ing to a progressive increase in filum terminale fi brous 
tissue (Yamada et al 2010(a)). 
Part of the extensive vascular supply of nerve roots and 

spinal nerves that may be subjected to tractioning and 
stretching is shown in Figure 5.14A  and  B. 

  FIGURE 5.14 (A) Lower lumbosacral spine bisected in the sagittal plane. Cauda equina nerve roots descend with 
their small diameter blood vessels i.e. vasa radiculorum (black arrows) within the dural tube (D) that is surrounded by 
epidural fat (E), then pass out of the dural tube, enveloped within root sleeves, as shown in (B). SP = spinous process.  (B) 
Tis 100-μm-thick axial histological section has been cut approximately at the lumbosacral level represented by the 
broken black line in (A) from a 55-year-old male cadaver. Te dural tube (D) surrounds the arachnoid mater (A) that 
contains the  cerebrospinal fl uid and the cauda equina nerve roots (N) with their small diameter blood vessels (V). In 
this section, the left dural sleeve (DS) illustrates how blood vessels are normally seen in these structures. Within the 
subarachnoid space, the  sacral roots occupy a more posterior position than do the  lumbar roots that are more anterior 
(see Figure 2.9 B); E = epidural fat within the spinal canal that surrounds the dural tube and the nerve root sleeves. T e 
anterior nerve root (AR) and the posterior nerve root (PR) pass from the dural tube, within the dural sleeve (DS), to 
the lateral recess (LR) of the vertebral foramen before entering the IVF. C = fibrous capsule of the L5-S1 zygapophysial 
joint; H = hyaline articular cartilage on the sacral superior articular process; L = lamina; LF = ligamentum fl avum.
Some blood vessels are seen in various regions of the epidural fat. (Please see an enlargement of this figure in the Atlas 
section Figure 4.27). 

Source: Reproduced with permission from Giles LGF, 100 Challenging Spinal Pain Syndrome Cases, Edinburgh, 
Churchill Livingstone Elsevier, © Elsevier, 2009. 
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 Summary 
Adult presentation of tethered cord syndrome is unusual

and it is difficult to diagnose and evaluate truly adult-onset
tethered cord syndrome in patients with no history of spi-
nal dysraphism, previous spinal procedure, or evidence of 
cutaneous manifestations (Ratliff et al 1999).

Clinical awareness of the possible association between
TCS and bladder dysfunction is essential as bladder dys-
function can be: (i) associated with tethered cord syn-
drome in 40–72% of adult cases (Yamada et al 2000), 
(ii) the exclusive complaint in 4% of TCS cases (French 
1990), and (iii) representative of the earliest sign of teth-
ered cord syndrome (Hadley et al 1996). 

1. Te following signs should alert a clinician to the 
possibility of late teenage and adult tethered cord
syndrome in the absence of neural spinal dysra-
phism: (i) no paravertebral muscle spasm; (ii) no 
lumbosacral spine tenderness; (iii) exaggerated
lumbar lordosis; (iv) scoliosis; (v) deformity of foot 
or leg; (vi) weakness of (a) extensor hallucis lon-
gus, (b) peroneus longus, (c) posterior tibialis, (d) 
anterior tibialis, or (e) gastrocnemius; (vii) fl abby
or atrophic muscles in the lower extremities; (viii) 
ankle joint instability on toe or heel walking; (ix) 
diminished pinprick sensation (a) on the dorsum 
of the foot, (b) perianal area and groin, and (c)
patchy sensation in the lower limbs; (x) diminished 
or lost anal wink reflex; (xi) diminished sphincter 

tone reflex on voluntary contraction during digital 
insertion; (xii) hypoactive deep tendon refl exes; 
(xiii) painless straight leg raising test; (xiv) post-
void residual urine (Yamada et al 2010(a)). 

2. It has been suggested that location of the caudal 
end of the spinal cord above L1–2 (Warder et al  
1993) or above L2–3 IVD level (Yamada et al 2001) 
may occur in some adult TCS patients. 

3. For a detailed understanding of tethered cord syn-
drome with its various presentations see the text-
book edited by Yamada (1996). 

4. For a diagnostic work-up, see  Yamada et al (2010(a)). 

 Key Point 
Cases of unexplained patchy sensation to pin prick 

in the lower extremities, as well as urinary bladder 
dysfunction, should alert the clinician to the possibility of 
adolescent and adult TCS due to spinal cord dysfunction 
resulting from mechanical tethering.
Research into the pathophysiology of TCS indicates that 

its symptoms and signs are associated with characteristic
impairments in oxidative metabolic and electrophysiological
activities within the spinal cord, rather than with histologi-
cal damage; this may explain why untethering of the cord
reverses the symptoms of TCS (Yamada et al 2010 (b)).
Prompt diagnosis and treatment of adult TCS is

essential to prevent the progession and irreversibility of 
symptoms and deficits (Yamada et al 2001). 



 

  
  
 
    
  

   
  

 
 

   
   

  
 

 
 

 
 

 
 

 
 

  
 

  

 

 
 

  
 
 
 

 
      

 
  

    

 

   

 
 
 

 
 

   
  

 
 

   

 
 

 

 
 

   
 
 

 
   

 
  

  
  

 

  
 
 

 
 

  
 
 

 

 

  
 

 
 

   

 CONCLUSION 

 Te fundamental rule that clinicians should ‘abstain 
from doing harm’ links to the Hippocratic Oath (Luxford 
2016) and the principle of  primum non nocere, mean-
ing ‘first, do no harm’ (Giles 2014;  Luxford 2016; Travers 
2018) while caring for the  whole patient i.e. applies to 
physical and  psychological aspects of patient care. 
Before treatment commences, it is imperative that 

it should be based on an appropriate history being
recorded, followed by an appropriate diagnostic work-up.
In a large number of mechanical back pain cases it may 
not be possible to identify the precise pain generator, and 
it is often impossible to reach a specific diagnosis (Deyo 
2002; Finch 2006), as many spinal structures are involved 
in nociception. Tis is a significant challenge that may 
lead to inappropriate treatment.
 Te Preface discussed the serious issues that may occur 

with treatment relying upon prescription of opioid drugs
in particular that are known to have signifi cant conse-
quences such as dependence, which, in turn, exacerbate 
the overall presenting condition of such spinal pain syn-
drome sufferers—in fact, the literature states that fi rst-
line therapy should involve non-drug therapy (Tello 
2017). Furthermore, clinical data showed that the use of 
anti-inflammatory drugs was associated with increased 
risk of persistent pain, suggesting that anti-infl ammatory 
treatments might have negative effects on pain duration 
(Parisien et al 2022).
 Te General Introduction raised the issue of the cost 

burden of low back pain syndromes to societies world-
wide and the necessity for appropriate assessment in 
the management of acute and chronic spinal pain, while 
acknowledging the contributions of a patient’s physi-
cal, psychological, and social factors. Also, attention 
was drawn to the subject of imaging for mechanical
spinal pain syndromes and the importance of  erect pos-
ture imaging of the lumbosacral spine and pelvis, versus
recumbent imaging. With regard to plain X-ray imaging,
erect posture images have been shown to be far more 
useful to aid in radiological diagnosis for mechanical
spinal pain syndromes than are recumbent images (Giles 
1981; Giles et al 1981, 2006). Tis principle also applies to
MR imaging as championed by the late radiology profes-
sor J. R. Jinkins, who published a great deal of literature 
on the topic of weight-bearing kinetic MR imaging. For 
example,  Figure 1.5 illustrates the importance of this  
MRI procedure and its relationship to making an appro-
priate diagnosis to aid the clinician, in conjunction with 
detailed patient history and clinical examination fi nd-
ings, to make an appropriate diagnosis. T is fi gure also 
highlights the importance of weight-bearing kinetic MRI 
for surgical decision making as, when instability exists at
a given level of the spine, it will be missed on recumbent
MRI, probably leading to unsuccessful treatment. T is 

is obviously of fundamental importance to the clinician 
and to the patient. Treatment options should be based on
a sound scientific clinical basis with the use of  appropri-
ate imaging.
 Tis approach to clinical evaluation, diagnosis, and 

treatment of mechanical lumbosacral spine disorders 
is important, otherwise a patient who has a genuine 
complaint of pain may well be relegated to a ‘neurotic’ 
or ‘malingerer’ category. Tis leads to misery for the 
patient and to frustration for the clinician and may well 
result in psychiatric sequelae for the patient that add to 
the burgeoning healthcare costs for the management of 
mechanical spinal pain syndromes.
Unfortunately, imaging may only provide “shadows of 

the truth” (Giles et al 1997(a)). Tus, it is not possible to 
identify all the possible causes of lumbosacral pain syn-
dromes, so it is important for the clinician to be aware of 
various probable causes of such pain syndromes, based  
on knowledge gleaned from anatomical and histological 
examples showing some likely causes of radiologically 
unidentifi able lumbosacral spine mechanical dysfunc-
tion or failure.
 Tus, following a brief gross anatomy and histology pre-

sentation of the lumbosacral spine in Chapter 3, a greater 
number of examples of possible spinal pain generators  
are provided in the anatomical Atlas section in Chapter 
4, which illustrates some likely causes of mechanical  
lumbosacral spine pain that may  not be discerned on MR 
imaging, depending on the stage of the condition and yet 
underlie a diagnostic label of ‘non-specific’ or ‘idiopathic’ 
pain being made, much to the frustration of patients. 
It has been my experience over many years that very  

few patients are malingerers. In fact, I can only recall
seeing two, out of many thousands of patients, who were
malingerers. In addition, a number of patients with spi-
nal pain syndromes were seen following referral from a 
psychiatrist who had been asked to see patients who were
thought to be malingerers. Te psychiatrist was also a 
qualified specialist physician and wanted some patients 
to obtain a second opinion as to whether their pain 
actually had a mechanical or dysfunctional spinal joint
origin for their pain and previous diagnosis of ‘malinger-
ing’, as the psychiatrist believed that some patients did  
have a genuine, hitherto unexplained, cause for their low 
back pain and that their psychological distress was due 
to being told that there was ‘nothing wrong’ with their 
spine. 
In the Atlas section,  Figure 4.34C illustrates poste-

rior migration and leakage of nuclear material causing 
chemical radiculopathy due to a full thickness disc tear 
in the annulus fibrosus and is a stark reminder that every 
patient must be treated as genuine, unless proven oth-
erwise, as serious  iatrogenic psychiatric conditions may 
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 Conclusion 153 

result from misdiagnosis, causing complete misery for a 
patient experiencing genuine pain. 
 Te aim of the research presented in this text was to 

look for ‘mechanical’ causes of lumbosacral spine pain, 
including pain arising in the sacroiliac joints, that may 
be responsible for generating low back pain syndromes 
resulting in the ‘enigma’ of such pain syndromes. T e 
contribution of scientific knowledge presented in this 
text was obtained by using human cadaveric lumbosacral 
spines for anatomical dissection and fresh human mate-
rial (from patients undergoing routine laminectomy and 
discectomy) that was used for histological examination 
by light microscopy. Tese approaches have provided 
some insight into the enigma of mechanical low back 
pain syndromes. 
 Te author concurs with the opinion of many others 

that, for patients with chronic low back pain, conserva-
tive treatment should first be used i.e. priority should be 
given to non-drug treatments combined with exercise  
(Traeger et al 2021) or non-drug therapy such as superfi -
cial heat, massage, acupuncture, or spinal manipulation 
( Tello 2017;  Knezevic et al 2021) and aquatic exercises 
(Peng et al 2022). In this regard, patients are best served by 
a collaborative clinical multidisciplinary team approach 
(Giles et al 2006;  Knezevic et al 2021) where clinicians 
from different healthcare disciplines co-operate in order 
to help the patient, as not one profession is trained in all 
clinical skills. For example, spinal manipulative therapy 
(SMT) to increase or restore spinal motion (Haldeman 
1986) should be performed by clinicians trained in this 
procedure. Spinal manipulation has been practised as a 
healing activity for centuries, and one such clinical activ-
ity employs a relatively high velocity, low amplitude force 
applied to the vertebral column with therapeutic intent 
(Pickar et al 2012). Such treatment, used short term, is  
beneficial (Wong et al 2007). Although the mechanism 
responsible for the therapeutic effects of SMT remain 
unclear, it is likely that, for example, SMT may release a 
trapped synovial fold, break down facet joint adhesions, 
or generally improve spinal joint movement in the case 
of limited joint movement, resulting in relief from pain. 
In addition, Pickar et al (2012) propose, based upon the 
experimental literature, that SMT may produce a sus-
tained change in the synaptic efficacy of central neurons 
by evoking a high frequency, bursting discharge from
several types of dynamically sensitive, mechanosensitive
paraspinal primary aff erent neurons.
 Tere is no therapy that does not present some risk 

(Maigne 1972), but the general consensus is that SMT, 
applied appropriately to the correct spinal level per-
formed to diminish pain, does decrease stiff ness and 
diminish  muscle  spasm  (Kenna  et al 1989). It is well  
documented that appropriate SMT is a safe procedure 
(Kenna et al 1989 ;  Maigne 1972;  Waddell et al 2004) pro-
vided that appropriate indications and safety guidelines 
are followed (Kenna et al 1989), and serious complica-
tions are rare (Berman 2006). Tere exist indications that 

SMT can shorten the painful exacerbation of functional 
locomotor disturbances, which, in turn, signifi cantly
diminishes work absenteeism (Schneider et al 1988).
Aerobic exercise increases blood flow and nutrients 

to the soft tissues of the back, improving the healing 
process and reducing stiffness that can result in back  
pain (Gordon et al 2016), thus promoting good health. It 
appears that patients suff ering from idiopathic low back 
pain should be encouraged to remain active in order to 
promote better circulation around the neural structures 
within the vertebral canal and the intervertebral foram-
ina, just as it has been suggested that frequently chang-
ing body positions is important to promote flow of fl uid 
(nutrition) to the disc (Wilke et al 1999). T is principle
of frequently changing body positions may also apply to 
the CSF that does not have a ‘circulatory system’, so its 
movement depends upon the downward pull of gravity 
and a person’s physical activity to move it around within 
the subarachnoid spaces of the spine and brain. T e sug-
gested frequent physical activity may promote spinal 
cord health by ensuring that the optimal CSF functions 
of supplying nutrients to the spinal cord (Yoshizawa  
2002) and  elimination of metabolic wastes ( Spector et 
al 2015) caused by the considerable metabolic activity 
of the CNS take place. Te elimination of such meta-
bolic waste requires efficient drainage and detoxifi cation
(Tomas et al 2019), for example via the spinal cord’s 
arachnoid villi in the spinal dural nerve sleeves and adja-
cent radicular veins that have been illustrated by Tubbs
et al (2007b) and  Sakka et al (2011).
Basic neurovascular anatomical principles of the 

human spinal cord’s nerve and vascular systems, includ-
ing its intricate blood supply and vascular drainage and 
the relationship between the spinal nerves and the CSF, 
have been presented. Tese anatomical relationships may 
suggest that spinal movement exercises should be a com-
ponent of daily health activities, as is the case with activi-
ties to promote cardiovascular health. 
In addition, it is thought that regular physical activity 

may also keep one’s thinking, learning, and judgement 
skills sharp as one ages, reducing the risk of depression
and anxiety, while also improving sleep (CDC 2021).
It must be remembered that it is a privilege to care for 

patients and that every endeavour should be made to 
make an appropriate diagnosis, based on best practice 
principles, to alleviate physical pain and any psychologi-
cal distress that many patients endure. 
Once treatment options and risks have been discussed, 

patient management should include obtaining a signed
informed ‘Consent Form’ indicating possible risks. Patient 
cooperation should be sought regarding their involve-
ment in, for example, a healthy lifestyle including taking 
part in appropriate exercises and adhering to a proper diet
for their particular needs.
In order to clearly inform patients about possible 

causes of the origins of spinal mechanical pain, plastic
models and spinal anatomy figures are useful to illustrate 
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basic spinal anatomy to patients, as well as to explain the 
important principle that not all causes of mechanical 
spine pain can be demonstrated for a given patient, in 
view of the limitations of imaging procedures that simply 
cannot show all such possible causes of spinal pain. 
It is important to ask the patient if they have any que-

ries or concerns that they wish to have explained. T is 
builds up a good rapport with the patient who then real-
izes that the clinician has taken the necessary steps to 
determine what is the likely cause of their pain, and this, 
in turn, underpins their confidence in what the clinician
proposes as treatment options for them. 
Finally, it behooves clinicians to remember what  

are some words of wisdom that our predecessors have
bestowed upon us over the generations since Hippocrates 
(460–370 BC) stated: “First do no harm”. For example, the 

physician, surgeon, and philosopher, Galen of Pergamon
(130–210 AD), stated in his  Methodus Medendi: “T e 
magnitude of a disease is in proportion to its deviation 
from the healthy state; and the extent of this deviation can 
be ascertained by him only who is perfectly acquainted 
with the healthy state” (Blumenbach et al 1817). T erefore, 
it is essential for clinicians to be well versed in the basics 
of the normal healthy state of the spine with respect to its 
anatomy and physiology so the clinician is able to under-
stand its functions in the presence of mechanical dysfunc-
tion. In this regard,  Vesalius (1543) wrote: “Anatomy  . . . 
should rightly be regarded as the firm foundation of the  
whole art of medicine”. It is hoped that this text has helped
to expand the knowledge base of anatomy and physiology 
with respect to the function of the spine with all its asso-
ciated soft tissue structures. 



 

    
 

 
    

      
 

  
 

      
 

       
 

 

   

   
 

 

     
    

 
  

  
  

 

   
   

  
 

 
   

 
   

      
  

 
 

  
   

  
 

 
   

    
 

   
 

  
  

 

   
  

 
 

 
 

   

 
  

 
 

    

 DEFINITIONS 

Adhesion: A band of scar tissue that binds two  
parts of the body tissue that are not normally joined 
together.
Antalgic posture: A posture assumed by patients

experiencing acute low back pain, with or without leg 
pain, in which they lean away from the painful area. 
Anteroposterior (A-P): T e position of patients when 

an X-ray beam is directed to their anterior surface and 
an X-ray plate is positioned behind them. In this text, the 
A-P radiographs are  viewed from behind the patient; the
patient’s right side is indicated by a right marker (R).
Axial, horizontal, or transverse plane: T is plane 

divides the body into superior and inferior parts—it is 
perpendicular to the coronal and sagittal planes. 
Cobb’s method (1948): A method for measuring the 

angle of scoliotic spinal curvature. Te angle of curva-
ture is measured by drawing lines parallel to the superior
surface of the most upper vertebral body of the curvature 
and to the inferior surface of the lowest vertebra of the 
curvature (Figure D.1). 

  FIGURE D.1 An erect posture radiographic image of a 19-
year-old male showing a right leg length deficiency of 21 
mm, sacral base obliquity and postural scoliosis with a 
17-degree angle of curvature. R = right side of the patient.
Note the vertical plumb-line shadow that is used for mea-
suring leg lengths by drawing a horizontal line from the top
of each femur head to meet the plumb-line at right angles.
Te vertical difference between paired horizontal lines gives 

FIGURE D.1 (Continued) 
the difference in leg lengths. Similarly, sacral base obliquity
is measured by drawing a horizontal line from each superior
sacral notch to meet the plumb-line at right angles. 

Source: Reproduced with permission from Giles L G F 
1989 Anatomical basis of low back pain. Williams and 
Wilkins, Baltimore. 

Degenerative spondylolisthesis (Pseudospondylolis-
the sis): Is secondary to longstanding degenerative arthro-
sis of the lumbar zygapophysial joints and discovertebral 
articulations, without a pars separation (Yochum et al 
1996).
Disability: According to Te  World Health Organization 

(2001), a  disability has three dimensions: (i)  Impairment
in a person’s body structure or function, or mental func-
tioning; examples of impairments include loss of a limb, 
loss of vision, or memory loss; (ii) Activity limitation, 
such as difficulty seeing, hearing, walking, or problem 
solving; and (iii)  Participation restrictions in normal 
daily activities, such as working, engaging in social and 
recreational activities, and obtaining healthcare and pre-
ventive services. 
Dura mater: Also known as dura or dural membrane. 
Dural tube: Also known as dural sac or thecal sac. T e 

dura mater forms the spinal dural tube, a long tubular 
sheath within the vertebral canal (Moore et al 2006). T e 
dura is the outermost of three spinal meninges, i.e. dura 
mater, arachnoid mater, and pia mater.
Dysaesthesia: An unpleasant abnormal sensation pro-

duced by normal stimuli ( Dorland’s Illustrated Medical 
Dictionary 1994 ). 
EMG Electromyography: An electrodiagnostic tech-

nique for recording the extracellular activity (action 
potentials and evoked potentials) of skeletal muscles at 
rest, during voluntary contractions and during electrical
stimulation, performed using any of a variety of surface 
electrodes, needle electrodes, and devices for amplify-
ing, transmitting, and recording the signals ( Dorland’s 
Illustrated Medical Dictionary 1994 ). 
Intervertebral canal (intervertebral foramen, lat-

eral canal, nerve root tunnel, radicular canal, root 
canal, interpedicular canal): A clinically very impor-
tant structure (Dorwart et al 1983). Some authors use 
the term intervertebral foramen to describe both the 
osseous nerve root canal and the medial and lateral 
‘openings’; however, Dommisse (1975) correctly sug-
gests that the term ‘foramen’ should only be used to 
describe the inner and outer boundaries of interverte-
bral canals. Te term intervertebral foramen is used in 
this text unless reference is specifically being made to 
the canal. 
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Intervertebral disc conditions: 
Annular bulge refers to a concentric extension of the  

margins of the disc circumferentially beyond the verte-
bral margins (Hodges et al 1999).

Broad-based protrusion refers to protrusion of disc 
material extending beyond the outer edges of the verte-

Mechanical Lumbosacral Spine Pain 

Te intranuclear cleft represents normal appearance of 
central fibres inside the nucleus (Yrjämä et al 1997).
‘Leg length’ inequality: Te absolute inequality in 

length of the lower limbs. In this text a ‘signifi cant leg 
length inequality’ is referred to when an inequality of 9 
mm or more is found using an accurate method for erect 

bral body apophyses over an area greater than 25% and 
less than 50% of the circumference of the disc (Fardon 
et al 2001).

Contained herniation is when nuclear material does 

posture radiography (Figure D.1). 
or manipulation A :)  1981 ,1976   Sandoz(Manipulation

lumbar intervertebral joint ‘adjustment’ is a passive manual 
manoeuvre during which the three-joint complex is sud-
denly carried beyond the normal physiological range of not escape from the confines of the annular fi bres.

Extrusion is the extension of the nucleus completely movement without exceeding the boundaries of anatomi-
cal integrity. Te usual characteristic is a thrust—a brief, through the outer annulus into the epidural space 

(Hodges et al 1999). sudden, and carefully administered ‘impulsion’ that is 
given at the end of the normal passive range of movement. Fissuring of the disc refers to annular tearing ( Tenny et 

al 2021). It is usually accompanied by a ‘cracking’ noise. 
Metachromasia: Te staining of tissue or tissue com-

ponents such that the colour of the tissue-bound dye com-
Herniation is defined as a localized displacement of 

disc material beyond the limits of the IVD space (Fardon
et al 2001). plex diff ers significantly from the colour of the original dye 

Herniation sites (Postacchini et al 1999(a)), unless 
shown otherwise): 

complex to give a marked contrast in colour (Pearse 1968).
Motion Segment of Junghanns: All the space between

two vertebrae where movement occurs: the intervertebral Anterior—nucleus pulposus bulges or herniates ante-
riorly (Cloward 1952).

Midline (or central)—occurs in the midportion of the 
disc. 

Paramedian—occurs in the centrolateral portion of 
the disc. 

Posterior epidural—intervertebral disc material 
migration extends around one side of the dural 
tube and  posterior to the dural tube (Palmisciano 
et al 2022).

Posterolateral—disc material protrudes posteriorly 
and laterally towards the foramen. A posterolateral
disc herniation occurs where the annulus fi brosus is 
thinner and lacks structural support from the poste-
rior longitudinal ligament (Dydyk et al 2022).

Intraforaminal—within the limits of the intervertebral 
foramen. 

Extraforaminal—occurs entirely or mainly outside 
the neuroforamen. 

Intervertebral (Schmorl’s nodes)—through a fracture 
of the vertebral endplate and subchondral bones 
( Schmorl 1927 ). 

Protrusion is a focal area of extension of the nucleus  
beyond the vertebral margin that remains beneath the 
outer annular and posterior longitudinal ligament com-
plex (Hodges et al 1999).

Sequestration is a specific type of extrusion in which 
there is a free disc fragment (Hodges et al 1999).
Intra-articular synovial fold: A fibrous or highly vas-

cular fat-filled zygapophysial joint synovial fold which is
covered by a synovial lining membrane. 
Intranuclear cleft: A hypointense linear signal seen 

on a T2-weighted sagittal MR image as a continuous 
smooth band within the centre of the intervertebral disc. 

disc with its cartilaginous plates, the anterior and poste-
rior longitudinal ligaments, the zygapophysial joints with 
their fibrous joint capsules and the ligamenta fl ava, the 
contents of the spinal canal and the left and right inter-
vertebral foramen, and the supraspinous and interspinous
ligaments (see Figure 3.1).
Neuron figures showing neurons with their cell body, 

dendrites and axon (Figure D.2).
Micron (μm): 1 μm = 1,000 millimetres.

 Obliquity:
Pelvic obliquity—this is a lateral inclination of the pel-

vis which is tilted downward to the short leg side. 
Sacral base obliquity—a lateral inclination of the sacral 

base (Figure D.1).
Osteoarthritis (degenerative joint disease, degenera-

tive art hritis, hypertrophic arthritis): characterized by 
degeneration of articular cartilage, hypertrophy of bone 
at joint margins, and synovial membrane changes; usu-
ally associated with pain and stiffness (Hellmann 1992).
Osteoarthrosis: Chronic non-infl ammatory arthritis. 
Osteophytes: Result from ossification of the articu-

lar cartilage, the joint capsule and/or the ligamenta fl ava 
where they are attached to bone (Postacchini et al 1999(b)).
Posterior (dorsal) nerve root: Contains sensory fi bres 

from a limb to the spinal cord. 
Posterior nerve root ganglion (spinal root ganglion): 

Located on the posterior nerve root and contains nerve 
cell bodies. 
Radiculopathy: Irritation of or injury to a nerve root 

(as from being compressed) that typically causes pain, 
numbness, or weakness in the part of the body that is 
supplied with nerves from that root (Merriam-Webster
dictionary 2022), for example, sciatica.
Recumbent: Lying down. 
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  FIGURE D.2  Diagram illustrating multipolar (A) and a unipolar or pseudo-unipolar (B) neuron.  (A) T e multipo-
lar motor neuron with its cell body and its associated anatomical parts. Te arrow illustrates the direction of conduc-
tion. (B) T e sensory neuron with its cell body and its associated anatomical parts. Te arrows illustrate the direction 
of conduction with regard to the cell body, which is located in sensory ganglia. 
Source: Reproduced with permission from Cvetko E, Meznarič M, Stopar Pintaric T 2022 Histology of the peripheral nerves and
light microscopy, New York School of Regional Anesthesia (NYSORA),  www.nysora.com/foundations-of-regional-anesthesia/ 
anatomy/histology-peripheral-nerves-light-microscopy/. 

Recurrent meningeal nerve: German anatomist 
Hubert von Luschka first described the sinuvertebral 
nerve in 1850, and it has acquired many other names, 
including (i) the recurrent nerve of Luschka, (ii) recurrent 
meningeal nerve, and (iii) meningeal branch of the spinal
nerve (Shayota et al 2019). In this text the term recurrent 
meningeal nerve is used. 
 Scoliosis: 

Angle of curvature—the angle between lines drawn 
parallel to the superior surface of the upper vertebra of 
the curvature and to the inferior surface of the lowest 
vertebra of the curvature. 

Postural compensatory—this is a lumbar or thoraco-
lumbar scoliosis (lateral curvature), which is an adap-
tation of the vertebral column to pelvic obliquity and 

which is convex on the short leg side. T e intervertebral 
discs are wedged from the concave to the convex sides 
on the A-P radiograph with the discs being wider on the 
convex side of the scoliosis (Figure D.1).
Shoe-raise therapy: Te provision of a shoe-raise on 

the sole and heel on the side of the short leg. 
Spinal pain (Skouen et al 2002): 
Acute spinal pain refers to severe pain of recent onset 

(less than four weeks) with marked limitation of spinal  
movements 

Sub-acute spinal pain refers to pain of greater than 4 weeks
and less than 13 weeks. 

Chronic spinal pain refers to pain of long duration  
(12 weeks or more) without marked limitation of spinal 
movements. 

http://www.nysora.com
http://www.nysora.com
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Spondylosis: Osteophytosis secondary to degenerative
intervertebral disc disease (Weinstein et al 1977).
Subluxation: In this text, the term is used when  

opposing facet surfaces of the zygapophysial joint are 
no longer congruous, as demonstrated by imbrication  
(telescoping) of the zygapophysial joint facet surfaces
( Hadley 1964 ;  Macnab 1977 ) ( Figure D.3 ). 

  FIGURE D.3  Note the subluxation (imbrication, tele-
scoping) of the zygapophysial joint facet surfaces as indi-
cated by the arrows. 
Source: Reproduced with permission from Giles L G F 1989 
Anatomical basis of low back pain. Williams and Wilkins, 
Baltimore . 

Mechanical Lumbosacral Spine Pain 

Supine: Lying face upward. 
Syndrome: A group of signs and symptoms that occur 

together and characterize a particular abnormality or 
condition (Merriam-Webster dictionary), for example, 
low back pain with radiculopathy.
Tropism: Asymmetry in the horizontal plane of paired

left and right zygapophysial joints. A diff erence of 5 degrees 
or more between the horizontal planes of the left and right 
zygapophysial joints represents tropism ( Cihák 1970 ). 
Vasa radiculorum: Refers to the blood supply of spinal

nerve roots, for example of the human lumbosacral nerve 
roots (Parke et al 1985).
Zygapophysial joint: Te diarthrodial synovial joint

between adjacent vertebral arches (apophysial joint, ‘facet’ 
joint, interlaminar joint). 
Zyga pophysial joint cartilage: Tis is of the hyaline

articular cartilage variety and it lines the facet surfaces; 
extension of cartilage beyond the facet surface, known as
‘fibrocartilage bumper’, is not composed of hyaline carti-
lage (Hadley 1964). 
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 aspirin,  5  

 facet degeneration,  77 

degenerative endplate changes,  56 leg length inequality (LLI), 8 
 degenerative joint disease,  74 ,  156  limitations of, 9–10 
degenerative spine changes, investigation

of,  77  MRI, 10–11 
lumbar disc herniation, 9 

autonomic nervous system (ANS), 25
parasympathetic division of, 27, 29
sympathetic division of, 27, 30 

B 

Baastrup’s disease or syndrome,   114
 basivertebral canal nerve bundle,  60 ,  68 – 69  
 blood vessels and innervation,  32 – 33 
bone marrow degeneration,  12
 bone plates,  39 ,  65 ,  67 ,  74 – 76 ,  119  
 bone scans,  4 ,  10  

 degenerative spondylolisthesis,  138 ,  148  
 depression,  5 ,  51 ,  52 , 153 
 dermatomal maps, 3 
 dermatomes,  3 ,  6 – 7 ,  20
 disc degeneration,  12 ,  67 ,  77

 calcifi cation, 78
 fibrillation and ulceration, 77 
method for grading, 12
at two adjacent spinal levels, 110 

disc degenerative disease (DDD),  77 
 discogenic back pain,  21 – 22 , 81,  114 ,  121  
 dura mater,  2 ,  4 ,  17 ,  19 ,  20 , 23,  38 ,  40 ,  41 ,  63 , 

 80 ,64 

PET scan, 10 
thinning of a disc space, 8 
weight-bearing erect posture, 8 
X-ray examinations, 4–5, 8–9 

innervated synovial lined joint capsule,  50 
intermediolateral cell columns (IMLs),  26 
interosseous sacroiliac ligaments (IOSILs), 

 46 – 47 ,  52 , 54
 intervertebral disc (IVD),  3 ,  65

 annular tear/fissure, 114, 122 
 classification of focal intervertebral 

disc displacements/herniations,
56–57 

, 40 – 41 ,22–21,167,dural tube/thecal sac,  
 44 , 51,  64 , 64–65, 73, 76, 93,  103, degenerative spine changes, 77
 110 – 118 ,  121 ,  125,  141 ,  150 function of, 65, 68

 dynatomal maps, 3 grading system of degeneration, 57
interactions between facet joints and, 77 

 degeneration, 53–54 
cadaveric histological sections, histological

examination of,  79 – 84  
 78 , 74 , 67 – 69 , 34 ,32 capillaries,  32 , 

 capillary buds/tufts,  67 ,  72 ,  73
 cartilage endplates (CEP),  61 , 63 

as biomechanical interface, 67
 damage, 69 
 degeneration, 77
 diffusion through, 67 
 fi bres, 67
 herniation, 69 
hyaline CEP, 63–64, 72 
morphology of, 66
role in disc nutrition, 67–68 
role in maintaining physiological

mechano-electrochemical 
environment, 67 

subchondral bone plate, 67 
vascular components, 67

 cauda equina nerves,  21 ,  63 ,  67 ,  112 – 113, 
 135,  151 

central nervous system (CNS), 15 
 connection, 32 
CSF relationship, 42–45 
 reflex arcs, 29, 30 

E

 elastic fibres,  66
 electromagnetic receptors,  31
 epidural space 

 anterior, 63 
Hofmann ligaments, 64
parasagittal anatomical dissection, 63 
 posterior, 63

erect posture imaging,  4, 9,  138 ,  152 – 153  
 MRI, 4 
 radiography, 4
 weight-bearing, 8 

erect posture plain X-Ray imaging, 
 138 – 141  

 exercise/physical activity,  26 ,  153 – 154  
 extra-foraminal ligaments, 8 

F 

 structures, 66 
intervertebral disc joints

adhesion formation, 127 
blood vessels associated with 

degeneration, 123–124
broad-based posterior protrusion, 117 
central protrusion, 116 
deformation of nerve root or nerve root 

ganglion, 128 
disc protrusion, 126 
endplate injury/microfracture, 119–120 
internal disc disruption, 114–115 
interspinous ligament injury, 130 
isthmus defect, 131–132 
leakage of chemical mediators or 

infl ammatory cytokines, 
121–122 

posterolateral osteophytic lipping, 125 
transforaminal ligaments, 129 

intervertebral foramen (canalis 
, 34 – 35 , 18 – 20 , 7 – 8 ,intervertebralis)

 82 – 83 , 66 , 46 , 43 , 40 , 38  cerebrospinal fluid (CSF),  12 ,  15 ,  17 ,  21 ,  43 , 
 79 , 65 

absorption of, 43, 44 

facet joint osteoarthritis,  77 
 facet joint tropism,  75 ,  102 – 103 ,  138 ,  145  boundaries of, 155 
 fibrillation of articular cartilage, 78 

drainage of, 43, 45  fibrocartilage,  65  ligamentous structures, 8 
function of hydromechanical  fibrocartilage bumper formation, zones of, 79 

protection, 44 degenerative,  105   intra-foraminal fibrosis,  128  
movement of, 43, 44  free nerve endings,  30 ,  38 ,  59 ,  86 ,  130 
nerve roots and, 112 functional innervation of muscles K 

 length, 7 

 13 , cervical NCS 
 chemical radiculopathy,  121 , 153 

 31 , chemoreceptors
 chronic low back pain,  1 – 2 ,  54 ,  69 ,  78 ,  85 – 86 , 

 103 ,  120 ,  148,  152  

(myotomes),  7 
 furcal nerves,  15 ,  46 kissing spinouses,  80,  130 ,  130 

H L 

 cluneal nerves,  14 ,  45 – 46 , 45 
 115 , 77 , 65 – 66 , 33 , collagens 

hip joint degenerative changes, 144 
 Hofmann ligaments,  64 ,  66 – 67 

 lamina splendens,  63 ,  102  
 lateral thinking,  84  
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left and right lateral bending, 4 
 MRI, 5 
recumbent MR imaging, 5 

 leg length inequality,  138 – 141 ,  146  
 acquired, 141 
asymmetrical mechanical stresses and, 139 
clinical importance of, 146 
 congenital, 141 
degree of, 146 
hip joint femoral head–acetabulum 

alignment associated with, 144 
knee joint osteoarthrosis associated with, 

144 
misalignment between facet joints, 141 
types of, 141 
X-ray images, 141–143 
zygapophysial joint facets and, 145–147 

ligaments in spine, 50
anterior longitudinal ligament, 34–36 
anterior sacroiliac ligament, 54
facet capsular ligament, 38
iliolumbar ligament, 38
interspinous ligament, 38
 ligamenta fl ava, 38 
posterior longitudinal ligament, 38 

lumbosacral transitional vertebral (LSTV)
anomalies,  135 , 137 

 lumbosacral vertebrae,  65 
arteries and veins, 72, 73 
 branches, 65 

M 

magnetic resonance imaging (MRI), 10
of abnormalities of lumbar discs, 10 
degenerative conditions of spine, 10
dynamic-kinetic (kMRI), 10
evaluation of IVD herniation and 

hypermobile intersegmental 
instability, 11

 functional, 10 
of lumbar and cervical spines, 9–10
 positional, 10
sensitivity and specifi city, 11 
T1-weighted images and T2-weighted 

images, 12–13 
magnetic resonance neurography (MRN), 4 
 management,  1 ,  9 ,  11 ,  42 ,  76 ,  114 ,  126 – 127 , 

 137 ,  152 – 153  
mechanical musculoskeletal pain,  1 

 54 , 30 – 31 , mechanoreceptors
‘medical enigma’ of mechanical spinal

disorders,  1  

muscle pain, 55–56 
 nerve fibre types and pain pathways, 

31–32 
neurotransmission in sensory nerves, 34
pain mechanisms, 31
pain sensation, 27–31 
role of substance P, 34 
sensory nerve receptors, 31
somatic pain, 31 
types of nociceptors, 30
vascular pain, 34 

 pain pathogenesis,  12
parasagittal anatomical dissection,  65 
pars interarticularis (  isthmus ) fractures,

 131 , 132,  148 
peripheral nerve fields, 3 
 peripheral nervous system (PNS),  5 ,  22 – 26 

ganglia of, 26
motor axons of presynaptic neurons, 27 
rami (branches), 27, 26–27 
superior paravertebral ganglion, 27 
sympathetic and parasympathetic 

divisions, 25–26 
 pia mater  17 ,  18 ,  19 ,  42 ,  63 ,  80 ,  141 ,  149 , 155 
 polymodal nociceptors,  30 

supraspinous ligament, 38 positron emission tomography (PET), 4,  9 
 long leg arthropathy,  138 – 146  
 low back pain,  2 ,  8 – 12 ,  15 ,  120 – 121 , 

 130 – 133 ,  148 ,  150 ,  152 ; see also  disc 

 postcapillary venules,  32
 posterior root ganglion (PRG),  7 ,  44 ,  76 – 79  
postganglionic sympathetic nerve fibres,  34  34 , 32 , metarterioles 

degeneration  
anatomical structures, role of, 45–53 

 31 , microneurography
 Modic changes,  12 ,  69 ,  117  

central protrusion and, 118 motion segment of spinal pain syndromes, 60 
endplate damage and, 78  multidisciplinary, process of,  1 , 153 Q
exercises for, 152–154  muscles of back,  55 – 58 

 propionibacterium acnes,  12  
 proteoglycans,  65 ,  66 ,  123  

of facet joint, 86, 93, 94, 105  clinical significance of, 55 
internal disc disruption and, 114 extrinsic and intrinsic groups, 55 
LLI and, 142, 146 musculoskeletal spinal pain syndromes, 1 

 59 , 40 ,34quadratus lumborum muscle,  

R 
 mechanical, 1  myotomes,  6 – 7 , 7 
pain transmission, 34  radicular pain,  1 – 2 ,  4 ,  93 ,  112 ,  117  
posterior or posterolateral protrusion ramus of spinal nerve, anterior and posterior,

 , 44 , 39 – 40 , 34 – 35 , 27 , 26 , 21 , 19 
N 

and, 117 
transitional lumbosacral vertebrae  nerve root compression,  3 ,  4 ,  44 ,  117   54 – 57 

associated with mechanical,  nervi nervorum,  19 ,  84 recurrent meningeal nerve (sinuvertebral
 , 39 – 40 , 38 – 41 , 19 – 21 ,19 14 ,  7 , nerve), 

42,  60 ,  68 , 76,  81 ,  83 ,  97 ,  99 ,  114 ,  116 , 
135–137 neurocentral joints of immature spines,  13 

tropism of zygapophysial joints and, neurocentral synchondrosis (NCS), 13 
102–103  nociception mechanism  157  

 lumbar disc herniation,  4 ,  8 ,  12 ,  102 ,  117  activation of nociceptors, 31  red flag conditions, 3 
 lumbar discography,  5 ,  10   modulation, 31  refl ex arcs
 lumbarization anomalies,  135 – 137  spinal tissues involved in, 2  autonomic, 29

 transduction, 30  95 – 96 ,lumbar ligamentum flavum
 13 ,NCS lumbar 

 somatic, 29 
 transmission, 30 visceral, 29, 31

 nociceptors,  2 ,  18 ,  27 – 32 ,  38 ,  41 ,  84 ,  93 ,  root sleeves,  14 ,  38 ,  111 – 112,  150 
111 ,  119 

lumbar spine neurocentral joints,  13 
 lumbosacral facet joint degeneration,  86 ,  97 – 98 
lumbosacral nociceptive receptor systems, 2 
lumbosacral pain syndromes, anatomical

structures of 

 non-specific back/spinal pain,  1 
cause of, 3 

S 

cluneal nerves, 45–46 
furcal nerves, 46 
innervation of lower lumbar and sacral 

region, 52
intervertebral disc degeneration, 55 
sacroiliac (SI) joints, 46–53 

lumbosacral spinal nerve roots, 64
 lumbosacral spinal pain syndrome,  1 – 2  
 lumbosacral spine innervation,  14 ,  34 – 37  

of anterior longitudinal ligament, 34–36 
basic pattern of, 38
muscles of back, role of, 55–58 
pain mechanism, 38, 42–43 
rami branches, 34 pain, neurophysiology of,  2 

of mechanical origin, 2 
 non-specific musculoskeletal pain,  1 
 noxious stimuli,  17 ,  30 
nucleus pulposus displacement, 121 

O

 Oppenheimer’s ossicles,  133  
 ossicles of lumbar vertebra,  133 – 134  
 ossification centres, 133 
 osteoarthritis,  73 – 75 ,  86 ,  101 ,  102 – 103 ,  144  

P 

 50 ,49sacral cartilage,  
 sacralization anomalies,  132  
 sacral nerves,  26 ,  30 ,  54 ,  53 – 54
 sacral obliquity,  75 ,  140
 sacroiliac (SI) joints,  46 – 53  

 innervation, 53–54 
mechanical dysfunction, 54–56

 Schmorl’s nodes,  119 – 120  
 scoliosis,  3 ,  149 ,  151  

 idiopathic, 13 
postural, 55, 140–146 

 sensory nerve receptors,  14 ,  31
 Sharpey’s fibres,  61 ,  66

 66 – 67 , solute transport
somatic autonomic neurogenic syndrome, 

segmental innervation, 38
 lumbosacral spine muscles,  57 ,  58  

 C-fibre sensory pathways, 32 
fast pain, 30  somatic pain,  31 ,  126  
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 sphyrion height, 139  spondylolysis,  131 – 132 V
 spinal arachnoid villi,  42 – 45

 74 ,pathology vascular 
 spongy bone,  60 ,  70

 spinal cord, anatomy,  15 – 17  structural failure of spinal
 afferent and efferent nerve fi bres, 19 components, 1 

 subchondral bone damage,  69 – 70  
 64 , subdural space 

 vertebral column blood supply,  60 ,  69 – 73  
vertebrogenic autonomic syndrome,  126 arterial supply and venous drainage of, 

24, 25 
 axon, 15 substance P, role in nociception,  2, 34, 54, 
CSF, 16, 17  85 – 87 ,  100  

X 

 dendrites, 15  supraspinous ligament,  2 ,  38 – 39 ,  43 ,  76 ,  110 ,  X-ray examinations of spine,  5 – 6 ,  8 – 9 , 
 82 , 78 – 79 130  dentate ligaments, 19

 enlargements, 15  sympathetic fibres,  38 
grey and white matter, 16  sympathetic reflex dysfunction,  126 Y
 meninges, 18 synovial folds, of zygapophysial joints,  2, 34, 
 neurons, 18  86 – 93 ,  103   yellow flag conditions, 4 
neurovascular anatomy of lumbosacral  synovial joint area,  49 – 50 

region, 23 Z 
pain sensation, 14 T 

zygapophysial joint capsules (ZJCs),  2, 34, 36, 
 111 , 86 ,76,53

routes for signal transmissions, 17
sensory ganglion, 15  team, 153 

 zygapophysial (facet) joints,  2 ,  8 ,  34 – 36 ,  53 ,  60 ,
 134 , 86 , 78 – 79 , 74 – 76 , 65 – 66 , 62 

adhesions within zygapophysial capsules, 
111 

sensory modalities, 17
 superficial anatomy and 

orientation, 22
 spinal dura mater,  4 ,  23 ,  38 ,  43 ,  63 , 153 

 19 – 25 , spinal nerves
anterior nerve root, 19–20, 21 

tethered cord syndrome (TCS), 149,  151 
bladder dysfunction and, 151 
factors associated with, 150 
 imaging, 152 

associated with LLI, 144–146 signs and symptoms, 149–151 
 thermoreceptors,  31
 thoracic NCS,  13  

bony eburnation, 106 
cartilage early degeneration, 100–101 
 degenerative fi brocartilage bumper 

formation, 105 

epineurium of, 19
nervi nervorum, 19  three-joint complex,  75 – 78 ,  107 – 109  

transforaminal ligaments (TFLs),  7peripheral myelinated nerve fi bre, 20
posterior nerve root, 19, 21 facet joint tropism, 102–103  tropism,  75 ,  102 – 104  

tunica externa (tunica adventitia),  imbrication/subluxation causing 
osteoarthrotic changes, 106 

inferior joint recess, 87 

rami (branches), 19, 20–25 
recurrent meningeal nerve, 21 32 – 33 
 sheath, 18  tunica intima,  33 

intra-articular synovial folds, 87–92 
lumbar ligamentum fl avum, 95–96 

sinuvertebral nerve, 21  33 , tunica media 
vasa nervorum, 21 

U mechanical irritation of nerve endings, 99
mid-joint level, 93, 92–94 

 14 – 21 , spinal neuroanatomy
 spinal pain

aetiology of, 5  ulceration,  77 superior joint recess, 87 
patient history of, 5–6 upright dynamic-kinetic MR synovial cysts, 93 
syndromes, 3, 60 imaging,  11 upper pole of recess, 94 
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