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Foreword

Medical imaging of the spine is among the most frequently performed diagnostic stud-

ies due to the high incidence of the very common clinical problem of acute or chronic 

back pain.

Radiologists have a whole range of diagnostic modalities at their disposal to study 

spine pathology. It is of the utmost importance that they be familiar with the advantages 

and disadvantages of these different diagnostic techniques and are able to apply, in each 

clinical situation, the method that is most likely to optimally solve the clinical problem 

and indicate its correct management.

Many authors, all well known specialists in their fi eld, have contributed to this book 

which offers a very complete update of our current insights into and knowledge of 

common and less common disorders of the spine and the spinal cord.

The illustrations are numerous, highly informative and of impeccable technical 

 quality.

I am very much indebted to the editors, J.W.M. Van Goethem, L. van den Hauwe and 

P.M. Parizel, for this superb volume which very much enriches the Medical Radiology 

series. It will be of great interest to radiologists in training, certifi ed radiologists, as well 

as to neurosurgeons, neurologists and rheumatologists.

Leuven  Albert L. Baert
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Preface

Diseases of the spine are very common. They affect up to 80% of the population world-

wide and may cause pain, disability and economic loss. Pain or discomfort originating 

in the spine is usually a self-limiting condition. In more than 50% of patients, symp-

toms usually resolve spontaneously within 4–8 weeks, but there is a very high recurrence 

rate, estimated at about 85%. Back pain ranks seventh among the top costliest health 

conditions and is only preceded by heart disease, diabetes, hypertension, stroke-related 

conditions, osteoarthritis and pneumonia. Spinal imaging is one of the most common 

radiology procedures in general and is also the most performed MR imaging examina-

tion in many countries.

Although the indication for spinal imaging in specifi c spinal problems, such as 

trauma, is evident, the role of imaging in the diagnosis of neck and low back pain often 

remains controversial. Many so-called radiographic abnormalities seen on CT and MRI 

are commonly also encountered in asymptomatic individuals, a phenomenon carefully 

explained in this book.

This book aims to provide an overview of diagnostic spinal imaging. It is a compre-

hensive textbook with many illustrations and tables, yet easy to use with logical chap-

ter-by-chapter coverage of different spinal pathologies. Extensive coverage of common 

spinal conditions, such as the degenerative diseases, spinal trauma, spinal surgery and 

imaging of the postoperative spine, spinal tumors, as well as spinal infection and infl am-

mation, make this a very helpful book for everyday use in any practice involved with 

spinal imaging.

I would like to take the opportunity to thank everybody who made this project 

 possible.

In the Name of Friendship

My thanks go fi rst of all to my co-editors, Paul Parizel and Luc van den Hauwe, without 

whom this book would not have existed. Luc was the originator, pointing out the fact that 

a volume on spinal imaging was missing in the Diagnostic Imaging series. Additionally, I 

have to thank Prof. Albert Baert for believing in our ability and giving us the opportunity 

to write this book. 

I also wish to thank the more than 40 contributors for their tremendous efforts in 

making this book possible; I know most of them personally and am very grateful to have 

been able to collaborate on this project with real friends. Finally, I have to thank Paul and 

Luc for their remarkable efforts in realizing this book together with me – it would not 

have been possible without them. 



VIII Preface

In the Name of Love and Family

This book could not have been completed without the continuing support of 

my wife, Isabelle, who, as a radiologist herself, not only understood my endea-

vours to complete this work, but who was also my most loyal supporter. As the 

mother of our three daughters, Alexia, Olivia and Félicia, she is also the corner-

stone of our wonderful family and I wish to dedicate this book to these four 

women in my life.

Edegem Johan W. M. Van Goethem

 

This book is dedicated fi rst and foremost to the ones I love: Marleen, my wife, 

and our children Vincent, Isabel, Liesa and Marie. Our children, they are the 

future.

My thanks go to Paul and Johan, not only for teaching me neuroradiology, but 

primarily for their friendship. We have been working together for many years 

now in the spirit of the three musketeers (Les Trois Mousquetaires, a novel by 

Alexandre Dumas), inseparable men who chant the motto “One for all, and all 

for one”. 

Edegem Luc van den Hauwe

I dedicate this book to:

• My wife, Vera, and to my son, Maxim, who mean everything to me

• My neuroradiology teachers in Antwerp, Boston, Brussels and Philadelphia, 

 who programmed my brain with their wisdom and enthusiasm

• My friends and colleagues, Johan Van Goethem and Luc van den Hauwe, 

 from whom I still learn everyday 

• The happy coincidence which brought us all together: “in infi nito vacuo, 

 ex fortuita atomorum collisione”

Edegem Paul M. Parizel
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Danielle Balériaux and Neslìhan Gültaşli .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 417

19 Metastatic Disease of the Spine
 Cosma Andreula, Mario Murrone, and Paul R. Algra.  .  .  .  .  .  .  .  .  .  .  .  .  .  . 461

20 Primary Tumors of the Osseous Spine
S. H. M. Kahn and Arthur M. De Schepper.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 475

Bone Marrow   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 501

21 Spinal Bone Marrow Disorders
Philippe Demaerel .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 503

Infection and Infl ammation .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 519

22 Spinal Infections
Majda M. Thurnher  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 521

23 Seronegative Spondylarthropathy
Claude Manelfe and Filip M. Vanhoenacker   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 543

Sacrum  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 565

24 Imaging of the Sacrum
Andrew Y. Choi, A. Orlando Ortiz, Douglas S. Katz, and Steven J. Lypen .  .  . 567

Subject Index .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 589

List of Contributors .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 599



  Congenital Malformations of the Spine, Spinal Cord, and Cranio-Cervical Junction 1

Congenital



  Congenital Malformations of the Spine, Spinal Cord, and Cranio-Cervical Junction 3

Congenital Malformations of the Spine, 1

Spinal Cord, and Cranio-Cervical Junction

Andrea Rossi, Carlo Gandolfo, Armando Cama, and Paolo Tortori-Donati

C O N T E N T S

1.1 Congenital Malformations of the Spine 
 and Spinal Cord 3
1.1.1 Introduction 3
1.1.2 Embryology 5
1.1.2.1 Gastrulation 5
1.1.2.2 Primary Neurulation 5
1.1.2.3 Secondary Neurulation 6
1.1.2.4 Development of the Vertebral Column 7
1.1.3 Terminology 7
1.1.3.1 Open and Closed Spinal Dysraphisms 7
1.1.3.2 Spina Bifi da 7
1.1.3.3 Placode 8
1.1.3.4 Tethered Cord 8
1.1.4 Building a Classifi cation 8
1.1.4.1 Classifying Open Spinal Dysraphisms 8
1.1.4.2 Classifying Closed Spinal Dysraphisms 10
1.1.5 Open Spinal Dysraphisms 11
1.1.5.1 Myelomeningocele and Myelocele 11
1.1.5.2 Hemimyelomeningocele and 
 Hemimyelocele 12
1.1.6 Closed Spinal Dysraphisms 13
1.1.6.1 CSDs with Subcutaneous Mass 13
1.1.6.2 CSDs without Subcutaneous Mass 17

1.2 Congenital Abnormalities of the 
 Cranio-Cervical Junction 28
1.2.1 Bony Abnormalities 29
1.2.1.1 Basilar Invagination 29
1.2.1.2 Achondroplasia 30
1.2.1.3 Down Syndrome 31
1.2.1.4 Klippel-Feil Syndrome 31
1.2.2 Chiari Malformations 32
1.2.2.1 Chiari-I Malformation 32
1.2.2.2 Chiari-II Malformation 34
1.2.2.3 Chiari-III Malformation 37
1.2.2.4 Chiari-IV Malformation 37

 References 38

1.1 
Congenital Malformations of the Spine and 
Spinal Cord

1.1.1 

Introduction

Congenital malformations of the spine and spinal 
cord are generally referred to as spinal dysraphisms. 
These conditions are usually diagnosed prenatally, 
at birth, or in early infancy; however, some may 
be discovered in older children or adults. Mag-
netic resonance imaging (MRI) has made the di-
agnosis of these disorders easier, faster, and more 
accurate, thereby enhancing the possibility of an 
early and case-tailored treatment, mainly thanks 
to its multiplanar imaging and tissue character-
ization capabilities. Classifi cation of spinal dysra-
phisms requires a balanced correlation of clinical, 
neuroradiological, and embryological informa-
tion. Use of classifi cation schemes may prove help-
ful in making a diagnosis in everyday clinical 
practice (Tortori-Donati et al. 2000; Tortori-

Donati et al. 2001; Rossi et al. 2004a,b; Tortori-

Donati et al. 2005b). Although the MRI picture in 
patients with spinal cord malformations may appear 
complicated and puzzling even to the experienced 
observer, we believe that a rational approach focus-
ing on a correlation among clinical, embryological, 
and neuroradiological data greatly facilitates the di-
agnosis. Neuroradiologists should pursue the maxi-
mum degree of collaboration with neurosurgeons 
and other specialists involved in the management of 

A. Rossi, MD

Senior Staff Neuroradiologist, Department of Pediatric Neu-
roradiology, G. Gaslini Children’s Research Hospital, Largo 
G. Gaslini 5, 16147 Genoa, Italy
C. Gandolfo, MD
Staff Neuroradiologist, Department of Pediatric Neuroradiol-
ogy, G. Gaslini Children’s Research Hospital, Largo G. Gaslini 
5, 16147 Genoa, Italy

A. Cama, MD

Head, Department of Pediatric Neurosurgery, G. Gaslini 
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noa, Italy
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K E Y  P O I N T S

Spinal Dysraphism

General term used for congenital malforma-
tions of the spine and/or spinal cord. Spina 
bifi da is widely used as a synonym but strictly 
speaking only indicates defective fusion

Caused by embryological derangement be-
tween gestational weeks 2 and 6

Open spinal dysraphism (OSD; characterized 
by exposure of nervous tissue through a con-
genital defect

Almost 99% are myelomeningoceles

Variable degree of sensorimotor deficits, 
bowel and bladder dysfunction

All patients with OSD have Chiari II

Role of MRI: anatomic characterization; 
presurgical evaluation; identification of cord 
splitting when present

Closed spinal dysraphism (CSD) is covered by 
skin and has two main subtypes:

CSD with subcutaneous mass
In the vast majority this mass is a 
 lipoma tethering the spinal cord: 
lipomyelo(meningo-)cele

CSD without subcutaneous mass are often 
clinically occult and several types are recog-
nized among which:

Intradural lipoma
Filar lipoma
Tight fi lum terminale: conus inferior to L2
Dermal sinus: above the intergluteal cleft
Persistent terminal ventricle, usually 
asymptomatic except when very large
Diastematomyelia: split cord. Associated 
tight fi lum terminale, hydromyelia, verte-
bral anomalies, and/or scoliosis are com-
mon. Type I with osteocartilaginous spur, 
type II without spur
Caudal agenesis: total or partial agenesis 
of the caudal portion of the spine, anal 
imperforation, genital anomalies, renal 
dysplasia, pulmonary hypoplasia, and/or 
lower limb anomalies. Type I with high and 
abrupt-ending conus, type II with low and 
tethered conus.
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Congenital malformations of the 

cranio-cervical junction

Can be bony and/or nervous

Measurements:

Chamberlain’s line: hard palate – posterior 
margin foramen magnum

McGregor’s line: hard palate – lowest point 
occipital bone

Chiari-I malformation

Cerebellar tonsils >5 mm below basion-opis-
thion line or 3–5 mm and neurological signs 
or peg-like tonsils or syrinx

14–56% neurologically normal
Significant incidence of hydrosyringomyelia 
and/or hydrocephalus

Chiari-II malformation

Small posterior fossa

Downward displacement of vermis, brain-
stem and fourth ventricle

90% has OSD

Associated brain malformations

Chiari-III malformation

Chiari II + cephalocele

Chiari-IV malformation

Severe cerebellar hypoplasia + myelomenin-
gocele
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these  patients in order to improve their diagnostic 
capabilities and to provide more useful information 
for the management of these children.

In this chapter, the basic concepts about normal 
and deranged spinal cord embryogenesis are sum-
marized, the principal malformations are described, 
and a practical approach to neuroradiological deci-
sion-making is offered. Additionally, because the 
Chiari-II malformation is part of the myelomenin-
gocele malformative spectrum, the Chiari malfor-
mations are also discussed in this chapter.

1.1.2 

Embryology

Spinal dysraphisms are caused by derangements that 
occur during a fairly limited period of time in the 
early embryological development, situated between 
gestational weeks 2 and 6. During this period, three 
consecutive stages occur, i.e., gastrulation (weeks 2–3), 
primary neurulation (weeks 3–4), and second-
ary neurulation (weeks 5–6) (Tortori-Donati et 
al. 2000; Tortori-Donati et al. 2001; Rossi et al. 
2004a,b; Tortori-Donati et al. 2005b).

1.1.2.1 

Gastrulation

During gastrulation, the bilaminar embryonic disk, 
formed by epiblast (future ectoderm) and primitive 
endoderm is converted into a trilaminar disk because 
of formation of an intervening third layer, the me-
soderm (Fig. 1.1). This process begins by day 14 or 

15 when the primitive streak, a stripe of thickened 
epiblast composed by totipotential cells, appears 
along the midline of the inferior portion of the dor-
sal surface of the embryo. The primitive streak has a 
knob-like cranial termination called Hensen’s node. 
Epiblastic cells start migrating toward the primitive 
streak and pass inward at the primitive pit, a central 
depression of Hensen’s node, to ingress the interface 
between the epiblast and the primitive endoderm. 
Subsequent waves of epiblastic cells migrating later-
ally along the interface form the interposed meso-
derm, whereas cells migrating along the midline form 
the notochord. The notochord is the foundation of 
the axial skeleton and extends throughout the entire 
length of the future vertebral column. From the me-
soderm surrounding the neural tube and notochord, 
the skull, vertebral column, and the membranes of 
the brain and spinal cord are developed. The noto-
chord is traditionally believed to induce the overlying 
ectoderm that differentiates into neural ectoderm; 
however, it has been hypothesized that the default 
state of the ectoderm is neural ectoderm, and that 
the notochord is required to preserve such condition 
(Naidich et al. 2002).

1.1.2.2 

Primary Neurulation

Establishment of the neural plate marks the onset of 
primary neurulation (Fig. 1.2). This occurs on about 
day 18, when the neural plate starts bending, form-
ing paired neural folds. In the following days, these 
progressively increase in size and approach each 
other to eventually fuse in the midline to form the 

Fig. 1.1a,b. Gastrulation. a Dorsal view and b transverse view of the 
bilaminar embryonic disk. First ingressing cells at Hensen’s node 
move anterior to form head processes and notochord. Cells ingress-
ing through primitive streak migrate ventrally and laterally to form 
mesodermal and endodermal precursorsa

b
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neural tube. According to the traditional “zipper” 
model, closure of the neural tube occurs fi rst at level 
of the fourth somite (future craniocervical junction) 
and then proceeds both cephalad and caudad. The 
cranial extremity of the neural tube (rostral or ante-
rior neuropore) closes at day 25, whereas the caudal 
extremity (caudal or posterior neuropore) closes at 
days 27 or 28. Closure of the posterior neuropore 
marks the termination of primary neurulation.

1.1.2.3 

Secondary Neurulation

The posterior neuropore, corresponding to the cau-
dal extremity of the primary neural tube, corre-
sponds to the 32nd somite, i.e., the future third sacral 
metamere. The segment of the spine and spinal cord 
caudad to somite 32 is formed by secondary neu-
rulation (Fig. 1.3). This embryological step begins 
immediately after completion of primary neurula-
tion and proceeds until approximately gestational 

day 48. During secondary neurulation, the tail bud, a 
mass of cells deriving from the caudal portion of the 
primitive streak, lays down an additional part of the 
neural tube caudad to the posterior neuropore. This 
cord segment differs from the one formed by primary 
neurulation in several ways. While the primary neu-
ral tube results from an upfolding of the lateral bor-
ders of the neural plate which join at the midline, the 
secondary neural tube is formed by an infolding of 
the neural plate, creating an initially solid medullary 
cord that subsequently becomes cavitated (Catala 
2002; Nievelstein et al. 1993). The fate of the sec-
ondary neural tube is to undergo an incompletely 
understood process of regression, degeneration, and 
further differentiation, called retrogressive differen-
tiation. This process results in the formation of the 
tip of the conus medullaris, which contains the lower 
sacral and coccygeal cord metameres, and the fi lum 
terminale, a fi broconnectival structure practically 
devoid of neural elements. Notably, retrogressive 
differentiation has not been clearly demonstrated 

Fig. 1.2a,b. Primary neurulation. a Dorsal view of the embryo on gestational 
day 21 shows fusion of the neural folds to form a neural tube has begun at 
the cervical level and proceeds bidirectionally. b Set of transverse views 
shows evolution from fl at neural plate to fused neural tube. Also notice 
disjunction of the neural ectoderm from the surface ectoderm at the time 
of neural tube fusion b
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Fig. 1.3a-c. Secondary neurulation. a The tail bud forms as a result of coalescence of the neuroectoderm with the lower 
notochord. b A secondary neural tube connects cranially with the neural tube formed by primary neurulation. c Eventually, 
the tip of the conus medullaris and the fi lum terminale result from this process. The terminal ventricle is the sole remnant 
of the secondary neural canal (From Tortori-Donati et al. 2005a)

ba

in humans, and a lack of proliferation, rather than 
regression or degeneration, could actually account 
for the rudimentary character of the fi lum terminale 
(M. Catala, pers. commun.). The conus medullaris 
contains a focal expansion of the ependymal canal 
called terminal ventricle, representing the remnant 
of the lumen of the secondary neural tube.

1.1.2.4 

Development of the Vertebral Column

At fi rst, the paraxial trunk mesoderm is unsegmented. 
As development proceeds, epithelial spheres, called 
somites, are formed in a cephalo-caudal gradient. 
These somites mature during development accord-
ing to a cephalo-caudal gradient. This maturation 
leads to dissociation of the epithelial somite, form-
ing the dermatome (dorsal), the myotome (interme-
diate), and the sclerotome (ventral). The dermatome 
is located underneath the surface ectoderm. It will 
give rise to dermal cells for the dorsal moiety of the 
body. The myotome gives rise to all striated muscle 
fi bers of the body. The sclerotome differentiates into 
cartilaginous cells of the vertebrae, cells of the in-
tervertebral discs and ligaments, and cells of the 
spinal meninges. Furthermore, the somite gives rise 
to endothelial cells. The sclerotome is fi rst located 
ventrally, and then it spreads to enwrap the entire 
neural tube forming at its dorsal face, the so-called 
dorsal mesoderm that will insinuate itself between 
the neural tube and the surface ectoderm after 
disjunction. On a next step of differentiation, the 
sclerotomes divide in half horizontally; the bottom 
half of one fuses with the top half of another to form 
the vertebrae. Notochordal remnants between the 
vertebrae become the nucleus pulposus within the 
intervertebral disk.

1.1.3 

Terminology

1.1.3.1 

Open and Closed Spinal Dysraphisms

Etymologically “dysraphism” implies defective 
closure of the neural tube and should therefore 
be used to refer to abnormalities of primary neu-
rulation only; however, the term has gained wide-
spread use as a synonym to congenital spinal cord 
malformation.

Spinal dysraphisms are categorized into open spi-
nal dysraphisms (OSD) and closed spinal dysraphisms 
(CSD) (Tortori-Donati et al. 2000; Tortori- Donati 
et al. 2001; Rossi et al. 2004a,b; Tortori-Donati et 
al. 2005b). The OSDs are characterized by exposure 
of nervous tissue to the environment through a con-
genital defect in the child’s back. On the contrary, 
CSDs are covered by skin, although cutaneous birth-
marks, such as angiomas, dimples, overgrowing hair, 
dyschromia, and dystrophy, are present in more than 
50% of cases (Drolet 1998; Warder 2001). Use of the 
term “occult spinal dysraphisms” is discouraged as it 
suggests complete absence of external abnormalities, 
a condition that occurs only in a minority of CSDs 
(Tortori-Donati et al. 2000).

1.1.3.2 

Spina Bifi da

Strictly speaking, “spina bifi da” indicates defective 
fusion of the vertebral neural arch (French 1983); 
however, it is widely used as a synonym of spinal 
dysraphism. The terminology “spina bifi da aperta” 
(or “cystica”) and “spina bifi da occulta” refers to 
OSD and CSD, respectively (Sattar et al. 1996), 

Notochord

Primary neural 
tube

Tail bud Filum terminaleSecondary neural tube

Terminal
ventricle
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and is presently discouraged (Tortori-Donati et 
al. 2000; Tortori-Donati et al. 2001; Rossi et al. 
2004a,b; Tortori-Donati et al. 2005b).

1.1.3.3 

Placode

The placode is a segment of non-neurulated em-
bryonic neural tissue, i.e., frozen at the neural 
plate stage (Tortori-Donati et al. 2000; Tortori-

 Donati et al. 2001; Rossi et al. 2004a,b; Tortori-

Donati et al. 2005b). All OSDs are characterized 
by the presence of a placode that grossly corre-
sponds to the segment of the spinal cord that is 
exposed externally. Several, but not all, forms of 
CSDs also have a placode, but in this case the in-
teguments cover it. A placode may be categorized 
into terminal and segmental depending on location 
along the spinal cord. A terminal placode lies at 
the caudal end of the spinal cord and may in turn 
be either apical or parietal, depending on whether 
the defect involves the apex or a longer segment of 
the cord. Conversely, a segmental placode lies at 
an intermediate level along the spinal cord, which 
regains normal morphology and structure caudad 
to the abnormality (Tortori-Donati et al. 2000; 
Tortori-Donati et al. 2001; Rossi et al. 2004a,b; 
Tortori-Donati et al. 2005b).

1.1.3.4 

Tethered Cord

Many researchers believe that the tethered cord is 
some sort of malformation, and especially confuse 
this term with the tight fi lum terminale, a CSD 
characterized by a short, rigid fi lum terminale. 
This common belief is entirely inappropriate, and 
the term should in fact be used to indicate a clini-
cal condition, the tethered cord syndrome (TCS)  
(Tortori-Donati et al. 2000; Tortori-Donati et 
al. 2001; Rossi et al. 2004a,b; Tortori-Donati et 
al. 2005b). The TCS occurs as a consequence of trac-
tion on a low-lying conus medullaris with progres-
sive neurological deterioration due to metabolic 
derangement (Warder and Oakes 1993, 1994) and 
may ensue as a complication of myelomeningocele 
repair or as the presentation of several forms of 
CSD, including spinal lipomas, the tight fi lum ter-
minale, diastematomyelia, and caudal agenesis. 
The clinical picture of TCS includes sensorimotor 
dysfunction, muscle atrophy, decreased or hyper-
active refl exes, urinary incontinence, spastic gait, 

and orthopedic deformities such as scoliosis or foot 
and hip deformity.

1.1.4 

Building a Classifi cation

Most authors have tried to classify spinal dysra-
phisms on the basis of a correlation of pathological–
radiological features with specifi c developmental 
derangements that are believed to explain such fea-
tures; however, traditional classifi cation schemes 
are continuously challenged by new knowledge 
about both normal and deranged embryogenesis. 
Unfortunately, we are far from understanding the 
genetic factors that play a role in the normal and 
abnormal development of the spine and spinal cord. 
Until then, it will be unlikely that classifi cations will 
explain the full spectrum of abnormalities encoun-
tered, and individual cases will continue to escape 
rigid categorization. From a practical perspective, 
it is important to use a conceptual framework that 
relies on identifying those factors that critically re-
strict the scope of possible diagnoses (Table 1.1).

The initial step in this intellectual approach is 
clinical. Is the malformation exposed to air, or is 
there intact skin coverage? In other words, the most 
basic categorization is that between OSD and CSD 
(Fig. 1.4) (Tortori-Donati et al. 2000; Tortori-

Donati et al. 2001; Rossi et al. 2004a,b; Tortori-

Donati et al. 2005b).

1.1.4.1 

Classifying Open Spinal Dysraphisms

Only four varieties of OSD exist, with myelomeningo-
cele taking the lion’s share (98.8% of cases) (Tortori-

Donati et al. 2000). Clinically, myelomeningoceles 
are characterized by elevation of the neural placode 
by the underlying expanded subarachnoid space, 
whereas in myelocele the placode is fl ush with the 
surface of the back. Such differentiation is clinical 
and the neuroradiologist plays little part in it. Con-
versely, it is the neuroradiologist’s role to identify 
the hemimyelocele and hemimyelomeningocele, very 
rare entities in which the closure defects affect one 
hemicord in patients with diastematomyelia. More 
importantly, the neuroradiologist plays a critical part 
in the assessment of the Chiari-II malformation, the 
associated hydrocephalus, and the complications 
of myelomeningocele repair (Herman et al. 1993; 
McLone and Dias 1992; Scott et al. 1986).
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Table 1.1. Classifi cation of spinal dysraphisms

Open spinal dysraphisms Closed spinal dysraphisms

With subcutaneous mass Without subcutaneous mass

Myelomeningocele Lumbosacral Simple dysraphic states
Myelocele • Lipomas with dural defect • Intradural lipoma
Hemimyelomeningocele    – Lipomyelomeningocele • Filar lipoma
Hemimyelocele    – Lipomyelocele • Tight fi lum terminale

• Terminal myelocystocele • Persistent terminal ventricle
• Meningocele • Dermal sinus

Cervico-thoracic Complex dysraphic states
• Nonterminal myelocystocele • Disorders of midline notochordal integration
• Meningocele    – Diastematomyelia

   – Neurenteric cysts
   – Dorsal enteric fi stula
• Disorders of segmental notochordal formation
   – Caudal agenesis
   – Segmental spinal dysgenesis

Fig. 1.4a-c. External features of open and closed spinal dysraphisms. a Open 
spinal dysraphism: myelomeningocele. Low back of 1-h-old newborn prior to 
surgery. The wide placode (P) is directly exposed to the environment and is 
surrounded by partially epithelized skin (membrano-epithelial zone; asterisk). 
b Closed spinal dysraphism with subcutaneous mass. Low back of 1-year-old pa-
tient with lipomyelocele. A large subcutaneous mass lies above the intergluteal 
crease and extends asymmetrically into the right buttock. There is a continuous 
skin coverage to the abnormality. c Closed spinal dysraphism without subcuta-
neous mass. Back of 2-year-old patient with diastematomyelia. There is a hairy 
tuft at high lumbar level. Although hairy tufts may belie several varieties of 
closed spinal dysraphism, diastematomyelia should be suspected when they lie 
at a relatively cranial level along the child’s back

a

b

c
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1.1.4.2 

Classifying Closed Spinal Dysraphisms

The CSDs are much more heterogeneous than OSDs. 
Some are not clinically evident at birth, and patients 
are brought to medical attention later in infancy 
when complications, such as TCS, ensue. Clinical 
examination is signifi cantly helpful to restrict the 
differential diagnosis. A critical factor in this evalu-
ation is the presence of a subcutaneous mass on the 
patient’s back.

1.1.4.2.1 

CSDs with Subcutaneous Mass

In the vast majority of cases, such mass involves the 
lumbar or lumbosacral level. Only four malforma-
tions will present with a subcutaneous mass in this 
location, i.e., lipomyelocele, lipomyelomeningocele, 
meningocele, and terminal myelocystocele (Tortori-

Donati et al. 2000; Tortori-Donati et al. 2001; 
Rossi et al. 2004a,b; Tortori-Donati et al. 
2005b); among these, lipomyelocele and lipomy-
elomeningocele are much more common. In both 
these cases, the mass is represented by a lipoma, 
and the spinal cord is connected to the lipoma at 
the level of a placode. Differentiation between the 
two entities is based on the position of this at-
tachment, the so-called placode–lipoma interface. 
In lipomyeloceles, the lipomatous tissue creeps 
into the spinal canal through a posterior bony 
spina bifi da and attaches to the neural placode, 
i.e., the placode–lipoma interface lies within the 
spinal canal, whereas in lipomyelomeningoceles, 
expansion of the subarachnoid spaces pushes the 
neural placode out of the spinal canal, i.e., the 
placode–lipoma interface lies outside the spinal 
canal; therefore, the simple assessment of the loca-
tion of the placode–lipoma interface with respect 
to the anatomical borders of the spinal canal will 
allow a confi dent diagnosis (Tortori-Donati et 
al. 2000; Tortori-Donati et al. 2001; Rossi et al. 
2004a,b; Tortori-Donati et al. 2005b). The other 
two entities presenting with a subcutaneous mass 
in the lumbosacral region are meningoceles and 
terminal myelocystoceles. These entities are ex-
tremely rare, especially the latter. While menin-
goceles are herniations of a CSF-fi lled meningeal 
outpouching, terminal myelocystoceles are com-
plex entities basically characterized by herniation 
of a hydromyelic cavity that involves the terminal 
portion of the cord into a meningocele.

The CSD with a tumefaction involving the cervi-
cal or thoracic spine are exceedingly rare and are 
basically represented by a spectrum of nonterminal 
myelocystoceles, either full-blown (i.e., containing 
a hydromyelic cavity) or abortive (i.e., composed of 
a fi broneural stalk that fans out from the posterior 
aspect of the spinal cord and crosses a skin-covered 
meningocele) (Rossi et al. 2004c), and by meningo-
celes

1.1.4.2.2 

CSDs Without Subcutaneous Mass

The CSDs without a subcutaneous mass are very 
heterogeneous both from a clinical and a neuro-
radiological perspective. Often, they are clinically 
completely occult; however, thorough assessment of 
external features is very important to suspect their 
presence. Although this clinical information is criti-
cal in focusing one’s attention to a specifi c subset of 
dysraphism, it is in the category of CSD without a 
subcutaneous mass that the neuroradiologist will be 
challenged most.

Several birthmarks are associated with underly-
ing dysraphisms; among these, focal hirsutism is 
signifi cantly associated with CSDs. When a hairy 
tuft lies relatively cephalad along the child’s back, 
presence of diastematomyelia is likely (Tortori-

Donati et al. 2000; Tortori-Donati et al. 2001; 
Rossi et al. 2004a,b; Tortori-Donati et al. 2005b).

Among cutaneous birthmarks, capillary heman-
gioma is the least sensitive in predicting underlying 
malformation, although capillary hemangiomas of 
the lumbar region are associated with spinal dysra-
phisms in greater than 10% of cases.

Dorsal dimples or ostia can indicate either a 
dermal sinus or a sacrococcygeal fi stula. All fi stula 
openings above the gluteal crease should be pre-
sumed to violate the subarachnoid space until prov-
en otherwise. Conversely, skin pits located within 
the intergluteal cleft need no further investigation 
as they are related to simple sacrococcygeal cysts or 
fi stulas.

Patients with caudal agenesis (also known as cau-
dal regression syndrome) may have a rudimentary 
tail, lower limb abnormalities, or anorectal malfor-
mations. Imperforate anus is associated with sur-
gically correctable intradural pathology in at least 
10% of patients; therefore, all patients with imperfo-
rate anus should undergo MR imaging studies. Pa-
tients with segmental spinal dysgenesis, a rare entity 
embryologically related to caudal agenesis, typically 
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have a protuberance of bony consistence along their 
back, corresponding to the apex of a kyphotic gib-
bus at level of the focal bony aplasia, and are con-
genitally paraplegic or paraparetic.

1.1.5 

Open Spinal Dysraphisms

1.1.5.1 

Myelomeningocele and Myelocele

Myelomeningocele accounts for 98.8% of all OSDs 
(Tortori-Donati et al. 2000). In myelomeningo-
cele (Fig. 1.5) the placode herniates, together with 
the meninges, through a more or less large defect in 
the midline of the back, typically at the lumbosacral 
level, and is therefore exposed to the environment. 
Expansion of the underlying subarachnoid space 
causes elevation of the surface of the placode above 
the skin surface. This feature distinguishes myelo-
meningoceles from the far less common myelocele 
(Fig. 1.6) or myeloschisis, in which the placode is 
fl ush with the cutaneous surface. The degree of mo-
tor defi cit can be increased by direct injury to the 
exposed placode during vaginal delivery; therefore, 

cesarean section is indicated. Because placode ul-
ceration and infection are leading causes of mortal-
ity in the untreated newborn, affected patients are 
operated on soon after birth. Unfortunately, surgery 
cannot restore complete functional recovery, and 
surgically treated patients usually exhibit a variable 
association of sensorimotor defi cits of the lower ex-
tremities, bowel and bladder incontinence, hindbrain 
dysfunction, as well as intellectual and psychological 
disturbances. Intrauterine myelomeningocele repair 
has been shown to reduce the incidence of shunt-de-
pendent hydrocephalus and the severity of the Chi-
ari-II malformation that is typically associated with 
OSDs, and could become the standard treatment of 
myelomeningoceles in the future; however, conclu-
sive evidence of the benefi t of prenatal vs postnatal 
myelomeningocele repair has still to be presented 
(Walsh and Adzick 2003). It has been shown that 
leg movements, related to spinal segments caudal 
to the myelomeningocele, are typically present im-
mediately after birth but are lost after the fi rst post-
natal week, indicating that progressive lower motor 
neuron dysfunction is not signifi cantly affected by 
surgery, either postnatal or fetal (Sival et al. 2004). 
It is also estimated that a signifi cant proportion (be-

Fig. 1.5 Myelomeningocele, 8-h-old male newborn. Sagittal 
T1-weighted image of the lumbosacral spine shows the spi-
nal cord (arrowheads) crosses the meningeal outpouching 
and ends with an exposed terminal apical placode (P). Note 
dehiscent subcutaneous fat (asterisks)

Fig. 1.6 Myelocele, 12-h-old newborn. Sagittal T1-weighted 
images shows exposed, slightly funnel-shaped placode (P) 
lying fl ush with the skin surface. There is dehiscence of 
subcutaneous fat (asterisks). The lack of expansion of sub-
arachnoid spaces is the only difference from the much more 
common myelomeningocele (compare with Fig. 1.5)
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tween 20 and 40%) of individuals with OSDs are al-
lergic to latex. Allergic responses can vary from mild 
to anaphylaxis and occur when latex products touch 
the skin or mucous membranes. Latex-free devices 
must therefore be used in the MR environment when 
these patients are studied.

Embryologically, both myelomeningoceles and 
myeloceles result from a failure of primary neuru-
lation with persistence of a portion of non-neuru-
lated placode (Dias and Partington 2004). The 
vast majority involves the lumbosacral spine, and 
the placode is terminal; however, purely lumbar, 
thoracolumbar, and even thoracic myelomeningo-
celes have been described, in which the placode is 
segmental and the spinal cord caudad to the malfor-
mation is normal.

The exposed surface of the placode is what should 
have become the inner, ependymal surface of the 
spinal cord and is covered by a rich network of 
small and friable vessels. This area is called the me-
dullovascular zone. The cutaneous ectoderm never 
detaches from the neural ectoderm and is forced to 
remain in a lateral position, resulting in a midline 
skin defect through which the placode becomes ex-
posed to the environment. Because the mesenchyme 
cannot migrate behind the neural tube, bones, car-
tilage, muscles, and ligaments are forced to develop 
anterolaterally to the neural tissue, and therefore 
will appear everted. The ventral surface of the plac-
ode is what should have become the external surface 
of the spinal cord, from which the nerve roots origi-
nate, the anterior ones medially, and the posterior 
ones laterally. These nerve roots course obliquely 
through the subarachnoid space to reach their cor-
responding neural foramina.

Because these newborns are usually operated on 
soon after birth, only rarely are MRI studies per-
formed prior to surgery; however, preoperative MRI 
investigation should be performed whenever pos-
sible to obtain: (a) anatomic characterization of the 
various components of the malformation, especially 
regarding the relationships between the placode and 
nerve roots; (b) presurgical evaluation of the entity 
and morphology of the malformation sequence (hy-
dromyelia, Chiari-II malformation, and associated 
hydrocephalus); and (c) identifi cation of rare cases 
with associated cord splitting (hemimyelomeningo-
celes and hemimyeloceles). MRI of untreated myelo-
meningoceles shows dehiscence of the subcutaneous 
fat, fascia, bone, and muscle at the level of the spina 
bifi da, and a low position of the spinal cord that 
forms the dorsal wall of the defect. In myelomenin-

goceles, the placode is elevated above the cutaneous 
surface due to wide dilatation of the subarachnoid 
spaces, which are crossed by nerve roots that arise 
from the ventral surface of the placode. In myelo-
celes, the placode is fl ush with the skin.

Hydrocephalus usually appears within 48–72 h 
after surgical repair of the spinal malformation, and 
is preferentially treated by ventriculoperitoneal 
shunting. Evaluation of ventricular size is the ma-
jor reason for referral to neuroradiological exami-
nations during the subsequent clinical history. All 
patients with OSDs also harbor a Chiari-II mal-
formation, which is an element, rather than an as-
sociated feature, of the disease commonly called 
“myelomeningocele,” as well as of the other forms of 
OSDs and, very rarely, of some skin-covered myelo-
cystoceles. The Chiari-II malformation is described 
in detail in a subsequent section of this chapter. 
Deterioration of a previously stable neurological 
function is another reason for neuroradiological 
evaluation of these children. This may be caused 
by retethering of the spinal cord at the surgical site, 
dysontogenetic masses, or hydromyelia. Retether-
ing by scar is a diffi cult diagnosis on MRI. In fact, 
most postoperative MRI studies will show a close 
relationship between the dorsal surface of the plac-
ode and the surgical site also in patients without 
clinical signs of cord retethering; therefore, scar re-
tethering is usually an exclusion diagnosis. Dyson-
togenetic masses, prevailingly dermoids, may result 
from inadvertent inclusion of epidermal cells dur-
ing surgical repair of the spinal malformation. They 
are usually located in close vicinity to the surgical 
site and appear as masses that are usually slightly 
hyperintense to CSF both on T1- and T2-weighted 
images and that may enhance in cases of infection 
or abscessation. Hydromyelia may occur in as many 
as 80% of operated patients, and may predispose to 
scoliosis if untreated ( Herman et al. 1993; McLone 
and Dias 1992; Scott et al. 1986).

1.1.5.2 

Hemimyelomeningocele and Hemimyelocele

Myelomeningoceles and myeloceles are associ-
ated with diastematomyelia in 8–45% of cases 
( Breningstall et al. 1992; Pang et al. 1992); how-
ever, only when failure of neurulation involves one 
hemicord is the malformation called hemimyelocele 
(or hemimyelomeningocele when there is associated 
meningeal expansion). If the cord splitting lies at a 
different level than the placode, the resulting mal-
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formation is merely an association between diaste-
matomyelia and OSD. If such restrictive defi nition 
is adopted, then these anomalies become extremely 
rare ( Tortori-Donati et al. 2000).

Affected patients show neurological impairment 
similarly to those with diastematomyelia, but with 
markedly asymmetric involvement of the lower 
limbs (Pang 1992). A hairy tuft bordering one side 
of an exposed placode is a strong indicator of an un-
derlying cord splitting.

Embryologically, both hemimyeloceles and hemi-
myelomeningoceles are related to an abnormality of 
gastrulation with superimposed failure of primary 
neurulation of one hemicord.

1.1.6 

Closed Spinal Dysraphisms

1.1.6.1 

CSDs with Subcutaneous Mass

These abnormalities are characterized by a skin-
covered mass that covers the underlying malforma-
tion. In most cases the mass lies at the lumbosacral 
level right above the intergluteal cleft. As previously 
stated, the corresponding anomalies in these cases are 
represented by the quite common lipomas with dural 
defect (lipomyelocele and lipomyelomeningocele) 
and the distinctly uncommon terminal myelocysto-
cele and meningocele (Tortori-Donati et al. 2000; 
Tortori-Donati et al. 2001; Rossi et al. 2004a,b; 
Tortori-Donati et al. 2005b). Differential diag-
nosis basically includes sacrococcygeal teratomas, 
which are located more caudally, i.e., at or below the 
intergluteal cleft. The CSDs with associated subcu-
taneous masses involving the cervical and thoracic 
spine are exceptional and basically represented by 
the spectrum of nonterminal myelocystoceles as 
well as by meningoceles.

1.1.6.1.1 

Lipomas with Dural Defect

Lipomyeloceles and lipomyelomeningoceles are 
characterized by a midline subcutaneous mass, 
corresponding to a lipoma, located at the lumbo-
sacral level right above the intergluteal cleft and 
usually extending asymmetrically into one buttock 
(Naidich et al. 1983). Because the mass is clinically 
evident at birth, the diagnosis is usually made before 
signifi cant neurological deterioration ensues; how-

ever, infants not treated before the age of 6 months 
develop hyposthenia and hypotrophy of the lower 
limb muscles, gait disturbances, urinary inconti-
nence, and paresthesias. These clinical features 
progress over time if the child is left untreated.

Histologically, the mass is composed of clusters 
of mature adipocytes separated by collagenous 
bands, usually associated with other tissues such as 
striated muscle, cartilage, bone, nerve cells, epen-
dyma, and aberrant neuroglial tissue. Sometimes, 
these aberrant tissues form hamartomatous masses, 
called dysraphic hamartomas, which may become 
macroscopically visible on imaging. Although con-
genital intraspinal lipomas are anatomically stable 
lesions (Pierre-Kahn et al. 1997), they may grow 
harmonically with the physiological increase of adi-
pose tissue throughout childhood (Knittle et al. 
1979), as well as in conditions such as pregnancy 
and obesity.

Embryologically, spinal lipomas are abnormali-
ties of primary neurulation. According to traditional 
views, they originate from focal premature disjunc-
tion of the cutaneous ectoderm from the neuroec-
toderm, allowing the mesenchyme to penetrate into 
the neural tube and to contact the primitive ependy-
ma, which induces it to differentiate into fatty tissue 
(Naidich et al. 1983). An alternative theory postu-
lates an abnormality of the dorsal mesoderm that 
could either be primitive or secondary to defective 
induction from the neural tube (Catala (1997).

Lipomyelocele

In spinal lipomas with a dural defect, the anatomic 
position of the placode–lipoma interface varies de-
pending on the size of the lipoma and the degree of 
expansion of the subarachnoid spaces. Lipomyelo-
celes (synonym: lipomyeloschisis) are characterized 
by a placode–lipoma interface located within the spi-
nal canal. MRI is the imaging modality of choice to 
demonstrate both the bony defect and the subcutane-
ous fat extending into the spinal canal and attaching 
to the spinal cord (Fig. 1.7); the latter is typically low-
lying, and the placode–lipoma interface may extend 
over several vertebral levels. It may be smooth and 
regular or large and irregular, with stripes of adipose 
tissue that permeate the spinal cord and penetrate 
into the ependymal canal. Hydromyelia is usually 
present in these cases. The size of the spinal canal 
may be increased in relation to the size of the lipoma, 
but the size of the subarachnoid space ventral to the 
cord is consistently normal, marking an important 
difference from lipomyelomeningoceles.
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Fig. 1.7a-c. Lipomyelocele in a 7-month-old girl. a Sagittal T1-
weighted image shows large subcutaneous lipoma with fatty tissue 
creeping through a wide posterior bony spina bifi da into the spi-
nal canal to connect with the spinal cord (arrow). Note dysraphic 
hamartoma composed of bone (surgical observation) within the 
subcutaneous mass (arrowhead). b,c Axial T1-weighted images 
show lipoma obliterates and expands the spinal canal, and is con-
tinuous with subcutaneous lipoma through a wide posterior bony 
spina bifi da (arrows, c)

a

b

c

Lipomyelomeningocele

In lipomyelomeningoceles, the placode–lipoma 
interface lies within a posterior meningocele, i.e., 
anatomically outside the anatomical borders of 
the spinal canal. Lipomyelomeningoceles may pro-
duce a constellation of MRI features and individual 
cases typically differ from one another because of 
the variable size of the meningocele and lipoma, 
as well as the variable orientation of the placode. 
An archetypal condition in which the placode–li-
poma interface lies exactly along the midline is not 
the rule but rather an exception (Tortori-Donati 
et al. 2000; Tortori-Donati et al. 2001; Rossi et 
al. 2004a,b; Tortori-Donati et al. 2005b). In most 
cases, the placode is stretched and rotated eccentri-
cally towards the lipoma on one side, whereas the 
meningocele develops on the other side (Fig. 1.8). In 
such an instance, the spinal roots that emerge from 
the side facing the meningocele have a redundant 
course and may be at greater risk for damage dur-

ing surgery, whereas those lying on the side of the 
lipoma are shorter and cause cord tethering. Un-
like with lipomyeloceles, the spinal canal is dilated 
because of expansion of the ventral subarachnoid 
spaces.

1.1.6.1.2 

Meningocele

Posterior meningocele is composed of a CSF-fi lled 
sac, lined by dura and arachnoid, which herniates 
through a posterior bony spina bifi da. Simple me-
ningoceles are commonly lumbar or sacral in loca-
tion, but thoracic and even cervical meningoceles 
are sporadically found. In general, spinal menin-
goceles are less common than is usually believed, 
accounting for only 2.4% of all CSDs (Tortori-

Donati et al. 2000). Their embryological origin 
is unknown, although it has been speculated that 
they might result from ballooning of the meninges 
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Fig. 1.8a,b. Lipomyelomeningocele in a 2-month-old girl. a Sagittal T1-weighted 
image shows large subcutaneous lipoma. The spinal cord, containing a slender 
dilatation of the ependymal canal (arrow) exits the spinal canal through a pos-
terior sacral spina bifi da to enter a small meningocele (M). Note enlargement of 
the subarachnoid space ventral to the cord and concurrent sacral abnormality, 
which places this case within the setting of the caudal agenesis syndrome. b Ax-
ial T1-weighted image shows elongated, terminal parietal placode adjoining the 
lipoma to the right side (arrowheads) while a comparatively small meningocele 
(M) develops to the left. Note that, although fat is seen to extend into the spinal 
canal, the placode-lipoma interface is located outside the spinal canal. Asterisk 
spinal canal, VB vertebral bodya

b

through a posterior spina bifi da due to the relent-
less pulsations of CSF (Tortori-Donati et al. 2000; 
Tortori-Donati et al. 2001; Rossi et al. 2004a,b; 
Tortori-Donati et al. 2005b). By defi nition, no 
part of the spinal cord enters the sac, although the 
nerve roots and, more rarely, a hypertrophied fi lum 
terminale may course within the meningocele. The 
spinal cord itself is completely normal structurally, 
although it usually is tethered to the neck of sacral 
meningoceles (Fig. 1.9). Associated anomalies, such 
as fi lar lipomas, diastematomyelia, and caudal agen-
esis, are not uncommon.

1.1.6.1.3 

Myelocystocele

Myelocystoceles are rare malformations composed 
of a herniation of the spinal cord, containing a hy-
dromyelic cavity, within a meningocele. In these 
skin-covered malformations, neurulation of the 
spinal cord is practically complete with the sole 
exception of a limited portion, corresponding to a 
small placode, that connects with the inner cutane-
ous surface (limited dorsal myeloschisis).

Myelocystoceles are classifi ed into terminal and 
nonterminal, depending on whether the malforma-
tion involves the apex of the conus medullaris or an 
intermediate segment of the spinal cord.

Terminal Myelocystocele

Terminal myelocystoceles are located at the lumbo-
sacral level and are composed of a cystic expansion 
of the central canal of the caudal spinal cord, pro-
duced by terminal hydromyelia (“syringocele”) that 
herniates into an expanded dural sheath (“menin-
gocele”). A subcutaneous lipoma is usually associ-
ated, so that the abnormality could perhaps be better 
defi ned as a “lipomyelocystocele” (Fig. 1.10) (Rossi 
et al. 2004a,b). The terminal spinal cord cyst com-
municates with the ependymal canal of the spinal 
cord and the outer dural sac communicates with the 
subarachnoid space, but the two cavities do not com-
municate with each other (Byrd et al. 1995; McLone 
and Naidich 1985; Peacock and Murovic 1989).

Patients with terminal myelocystoceles are mark-
edly impaired neurologically, with no bowel or 
bladder control and poor lower-extremity function 
(Warder 2001). The prognosis is mainly related to 
the associated anomalies, usually belonging to the 
OEIS constellation (omphalocele, extrophy of the 
cloaca, imperforate anus, spinal anomalies) (Carey 
et al. 1978; Smith et al. 1992).

The embryological origin of terminal myelocysto-
celes has not yet been determined. Current theories 
postulate a perturbation of CSF dynamics (Byrd et 
al. 1995; McLone and Naidich 1985; Peacock and 
Murovic 1989). Inability of CSF to egress from the 
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Fig. 1.9a,b. Posterior sacral meningocele in a 7-month-old girl with concurrent caudal agene-
sis and diastematomyelia. a Sagittal T1-weighted image show large sacral cerebrospinal fl uid-
fi lled mass (M). The overlying skin is continuous, without dehiscence of the subcutaneous 
fat. The conus medullaris is low and tethered to the neck of the meningocele (arrow). Note 
concurrent sacrococcygeal agenesis. Horizontal white line shows scan plane level of image b. 
b Axial T1-weighted image shows associated diastematomyelia (arrows) with hydromy-
elia involving the right hemicorda

b

Fig. 1.10a,b. Terminal myelocystocele in a 5-month-old girl. a Sagittal T1-weighted image shows complex mass comprised of 
a large subcutaneous lipoma containing a large meningocele (M) into which the spinal cord (sc) herniates. The fl uid-fi lled 
cavity superfi cial to the cord corresponds to terminal hydromyelia, i.e., the syringocele (S). b Axial T1-weighted image 
shows the spinal cord (sc) exits the spinal canal and splays (arrowheads) to engulf a large terminal hydromyelic cavity, the 
syringocele (S). External to it, the meningocele (M) also is displayed. VB vertebral body. The overall picture is extremely 
complex, due to the markedly distorted anatomy. On initial imaging analysis, we were unable to recognize the real nature 
of the syringocele; therefore, our presumptive diagnosis was lipomyelomeningocele. Only on surgery, displaying continuity 
of the syringocele with the interior of the spinal cord, was the diagnosis of terminal myelocystocele eventually established. 
This case exemplifi es why these lesions could perhaps be better defi ned as “lipomyelocystoceles.”

a

b
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neural tube could cause the terminal ventricle to 
balloon into a cyst that disrupts the overlying mes-
enchyme; therefore, the terminal myelocystocele 
could be viewed as a severe, disruptive variety of a 
persistent terminal ventricle (Tortori-Donati et 
al. 2000; Tortori-Donati et al. 2001; Rossi et al. 
2004a,b; Tortori-Donati et al. 2005b).

Nonterminal Myelocystocele

The CSDs with a subcutaneous mass occurring at 
the cervical or thoracic level are exceedingly rare, 
and are signifi cantly different from those occurring 
at the lumbosacral level. These lesions are charac-
terized by a large skin-covered meningocele with a 
thin neck crossing a narrow posterior spina bifi da. 
The contents of the sac may be represented by an 
expanded hydromyelic cavity lined by the posterior 
wall of the spinal cord (i.e., a nonterminal myelo-
cystocele) or by a thin fi broneurovascular stalk that 
attaches to the dome of the meningocele, probably 
better defi ned as abortive forms of nonterminal my-
elocystocele (Rossi et al. 2006).

The embryogenesis of these rare malformations 
is believed to be a minimal abnormality of primary 
neurulation, represented by localized failure of the 
fi nal fusion of the apposed neural folds after most of 
neurulation has been completed, a mechanism that 
was called limited dorsal myeloschisis (Pang and 
Dias 1993). This results in failure of the cutaneous 
ectoderm to separate from the neuroectoderm with 
a resulting fi broneurovascular stalk emanating from 
the dorsal aspect of the spinal cord and penetrating 
through a narrow dorsal dural opening to connect 
to the skin. The presence of a hydromyelic cavity 
that dissects the fi broneurovascular stalk results in 
the formation of a full-blown myelocystocele.

Clinically, patients with nonterminal myelocys-
toceles are signifi cantly less impaired than those 
with terminal myelocystoceles, with most neonates 
having a normal neurological exam at birth. Neu-
rological deterioration may ensue after surgical 
repair without release of the intraspinal tethering 
structures or due to associated diastematomyelia or 
hydrocephalus.

On MRI, full-blown nonterminal myelocystoceles 
show hydromyelia ballooning into a cyst that pro-
trudes out of the spinal canal and into a meningocele 
(Fig. 1.11). In abortive myelocystoceles, a thin stalk 
emanating from the dorsal aspect of an otherwise 
normal spinal cord and fanning out into a posterior 
meningocele is detected. In both cases, the dome of 
the meningocele is covered by thick, squamous epi-

thelium, and the spinal cord caudad to the abnor-
mality is normal. A Chiari-II malformation may be 
associated in approximately 40% of cases (Pang and 
Dias 1993; Rossi et al. 2006).

1.1.6.2 

CSDs without Subcutaneous Mass

1.1.6.2.1 

Simple Dysraphic States

This category of abnormalities is embryologically 
heterogeneous, as it comprises defects related to 
both primary and secondary neurulation; however, 
they may be grouped from a clinical perspective, 
since they represent the most common abnormali-
ties found in infants or children who complain 
with TCS but usually do not have signifi cant low-
back  cutaneous stigmata (Raghavan et al. 1989; 
 Tortori-Donati et al. 1990).

Intradural and Intramedullary Lipoma 

Intradural and intramedullary lipomas differ from 
lipomas with dural defects in that they are contained 
within an intact dural sac but are otherwise similar 
to them both pathologically and embryologically. 
Intradural lipomas are located along the midline 
in the groove formed by the dorsal surface of the 
unapposed folds of the placode, and may bulge 
posteriorly in the subarachnoid spaces elevating 
the pia mater. Large lipomas may displace the cord 
laterally, resulting in an off-midline, fl attened or 
bumped placode–lipoma interface (Fig. 1.12). In rare 
instances, lipomas are completely intramedullary. 
Intradural lipomas commonly involve the lumbo-
sacral spine and usually present with TSC, whereas 
cervicothoracic lipomas generally produce insidious 
signs of spinal cord compression.

On MRI, lipomas are detected as masses that are 
isointense with subcutaneous fat on all sequenc-
es, including those acquired with fat suppression 
( Tortori-Donati et al. 2000; Tortori-Donati et 
al. 2001; Rossi et al. 2004a,b; Tortori-Donati et al. 
2005b).

Filar Lipoma

Filar lipoma is an anomaly of secondary neurula-
tion characterized by a fi brolipomatous thickening 
of the fi lum terminale. The incidental fi nding of 
fat within the fi lum terminale in the normal adult 
population, estimated from unselected MRI studies, 
is 1.5–5% (Brown et al. 1994; Uchino et al. 1991). In 
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Fig. 1.11a,b. Thoracic nonterminal myelocystocele, 2-day-old male newborn. a,b Sagittal GRE T2*-weighted images show 
that the posterior aspect of the spinal cord is pinched posteriorly (large arrowheads, b) and stretched through a narrow 
posterior spina bifi da, to then re-expand into a large, trapped hydromyelic cavity (H) contained within a large subcutaneous 
mass. The stretched walls of the spinal cord are visible (arrowhead, a,b) as they separate the hydromyelic cavity from exter-
nal, slightly dilated subarachnoid spaces (thick arrow, b). Note localized hydromyelia just above the origin of the posterior 
stalk (arrow, a), a quite common occurrence with nonterminal myelocystoceles. (Case courtesy of J. Van Goethem)

a b

Fig. 1.12a-c. Intradural lipoma in a 4-month-old girl. a Sagittal T1-weighted image shows large lipoma fi lling the bottom of 
the thecal sac and connecting to a low-lying spinal cord (arrow). Note that there also is overgrowing subcutaneous tissue. 
This case could superfi cially resemble a lipomyelocele (compare with Fig. 1.7); however, note continuity of the superfi cial 
fascia (arrowheads) separating the subcutaneous from the intraspinal fat. b Coronal T1-weighted image shows the lipoma 
prevailingly develops to the right and connects to the right side of the conus tip (arrow). c Axial T1-weighted image shows 
the lipoma fi lls the thecal sac almost completely and engulfs the conus tip, which is displaced to the left (arrows)

ba

c
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the absence of TCS, a fatty fi lum is therefore consid-
ered an anatomic variant. The exact embryological 
mechanisms by which fi lar lipomas arise remains 
undetermined, although impaired canalization of 
the tail bud and persistence of cells capable of dif-
ferentiating into adipocytes are suggested factors 
(Uchino et al. 1991). 

On MRI (Fig. 1.13) adipose tissue with resultant 
thickening of the fi lum terminale is detected as a 
hyperintense stripe on sagittal T1-weighted images. 
Because the fi lum frequently lies slightly off the 
midline, axial and coronal T1-weighted images are 
also useful to identify this abnormality, especially 
when the lipoma itself is thin.

Tight Filum Terminale

The tight fi lum terminale is often misnamed as 
“tethered cord,” a term that should only be used to 
describe the clinical syndrome (see section 1.1.3.4). 
A tight fi lum terminale is a short, hypertrophic fi -
lum that produces tethering and impaired ascent of 
the conus medullaris. Different from what is com-
monly believed, isolated cases are extremely un-
common, while the abnormality is more frequent 
in patients with diastematomyelia or dermal sinuses 
(Tortori-Donati et al. 2000; Tortori-Donati et 

al. 2001; Rossi et al. 2004a,b; Tortori-Donati et al. 
2005b). A low-lying conus medullaris is frequently, 
albeit not necessarily, associated. The tip of the co-
nus medullaris lies inferior to L2 in the vast majority 
of cases (Warder 2001).

Embryologically, the tight fi lum terminale has 
been related to abnormal retrogressive differentia-
tion of the secondary neural tube (perhaps lack of 
apoptosis) producing a thicker-than-normal fi lum. 
Often, a subjective perception of an increased thick-
ness of the fi lum on MRI (Fig. 1.14) remains un-
confi rmed, because an exact measurement cannot 
reliably be obtained; however, the fi lum terminale 
should not exceed 2 mm in diameter in normal in-
dividuals (Yundt et al. 1997).

Dermal Sinus

A dermal sinus is an epithelium-lined fi stula that 
extends from the skin surface inward to a variable 
depth, and sometimes pierces the dura to reach the 
intradural compartment. The lumbosacral region 
is the most common location, although cervical, 
thoracic, and occipital locations are also described 
(Scotti and Harwood-Nash 1980; Barkovich et 
al. 1991). Clinical examination reveals a midline 
dimple or pinpoint ostium, often associated with a 

Fig. 1.13a,b. Filar lipoma in a 12-year-old girl with tethered cord syndrome. a Sagittal T1-weighted image shows that the 
fi lum terminale is largely replaced by fat (arrows). The spinal cord is not low-lying (conus terminus at L1) but does show an 
excessive taper and contains slender hydromyelic cavity (arrowhead). b Axial T1-weighted image shows slightly off-midline 
fi lar lipoma (arrow). Note typical posterior position of the fi lar lipoma within the thecal sac, consistent with the normal 
anatomic location of the fi lum

a

b
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Fig. 1.14a,b. Tight fi lum terminale in a 9-year-old boy with tethered cord syndrome. a 
Sagittal T1-weighted image shows low-lying thickened fi lum terminale (arrow) with teth-
ered, low conus medullaris. The spinal canal is abnormally large. Horizontal white line 
shows scan plane level of image b. b Axial T2-weighted image confi rms thickening of the 
fi lum terminale (arrow) in its normal posterior position in the thecal saca

b

hairy nevus, capillary hemangioma, or dyschromic 
area. The location of the cutaneous opening of a 
dermal sinus tract differs from that of a sacrococ-
cygeal fi stula in that the dermal sinus tracts are 
found above the intergluteal cleft and usually are 
directed superiorly, whereas the sacrococcygeal pits 
are found within the natal cleft extending either 
straight down or inferiorly. Because the latter are 
anatomically located below the level of the bottom of 
the thecal sac, dysraphic abnormalities are typically 
not associated, and imaging studies are usually not 
required (Weprin and Oakes 2000). Although the 
ostium is usually evident at birth, some children are 
not brought to medical attention until complications 
such as local infection or meningitis ensue.

Embryologically, dermal sinus tracts are tradi-
tionally believed to result from focal incomplete 
disjunction of the neuroectoderm from the cutane-
ous ectoderm (Elton and Oakes 2001). They are 
easily recognized on sagittal MR images as thin hy-
pointense stripes that course obliquely within the 
subcutaneous fat, more often in a caudally oblique 
direction (Fig. 1.15), whereas they are more diffi cult 
to detect on axial scans. While their course is quite 
easily recognized until the posterior elements of the 
spine are reached, the intraspinal portion of the tract 
is usually not detectable on MRI, which makes it dif-
fi cult to assess the true extent of the tract itself and, 

particularly, whether it pierces the dura to involve the 
intradural compartment. In a considerable amount of 
cases, dermal sinuses are associated with dermoids, 
generally located at the level of the cauda equina or 
near the conus medullaris and probably resulting 
from an encasement of part of the dermal sinus tract 
(Fig. 1.15). Such an association was found in 11.3% of 
cases in our series (Tortori-Donati et al. 2000), but 
may be higher. Dermoids show variable MRI features 
depending on their content. Some portions may be 
hyperintense on T1-weighted images, but the mass 
may be isointense to CSF on both T1- and T2-weight-
ed images and, therefore, may be diffi cult to discern. 
Infected dermoids display intense contrast enhance-
ment that may become ring-like with abscessation.

Persistent Terminal Ventricle

The terminal ventricle, called “fi fth ventricle” in 
the older scientifi c literature (Kernohan 1924), is 
a small cavity lined by ependyma within the co-
nus medullaris, corresponding to the caudal end 
of the ependymal canal, that is always identifi able 
on postmortem examinations but must achieve a 
certain size to become visible on MRI (Coleman et 
al. 1995). It is embryologically related to preserva-
tion of the continuity of the terminal ventricle of 
secondary neurulation with the central canal of the 
spinal cord. The latter point is critical because fail-
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ure of regression of the terminal ventricle associated 
with ineffi cient connection to the central canal may 
produce a terminal myelocystocele, which is a much 
more severe abnormality.

By itself, the persistent terminal ventricle is as-
ymptomatic, but cases have been reported in which 
a huge cystic dilation was associated with low-back 
pain, sciatica, and bladder disorders (Sigal et al. 
1991). It is unclear whether these “terminal ven-
tricle cysts” are developmental variants or result 
from pathological changes eventually resulting into 
obstruction of the connection between the termi-
nal ventricle and the central canal (Coleman et al. 
1995). Differentiation of a persistent terminal ven-
tricle from hydromyelia is based on the location 
within the conus medullaris immediately above the 
fi lum terminale; however, when continuity is detect-
ed with the central canal above, the distinction may 
become philosophical (Fig. 1.16). Intramedullary 
tumors are easily excluded by morphology, isointen-
sity with CSF, and absence of gadolinium enhance-
ment. The size of the cavity usually does not change 
on follow-up exams.

1.1.6.2.2 

Complex Dysraphic States

Gastrulation is characterized by the development of 
the notochord, a potent inductor that is involved in 
the formation of not only the spine and spinal cord, 
but also of several other organs and structures in the 
human body; therefore, spinal dysraphisms originat-
ing during this period will characteristically show a 
complex picture in which not only the spinal cord, 
but also other organs are impaired. Due to this com-
plex picture, disorders of gastrulation are also called 
complex dysraphic states (Dias and Walker 1992). 
In the vast majority of cases, these abnormalities are 
covered by skin, and no telltale subcutaneous masses 
are present. The only exceptions are hemimyelocele 
and hemimyelomeningocele (see section 1.1.5.2).

Embryologic Basis for Classifi cation of Complex 
Dysraphic States 

Failures of notochordal development have been cat-
egorized into two subsets: (a) disorders of midline 
notochordal integration; and (b) disorders of seg-
mental notochordal formation (Tortori-Donati et 
al. 2000; Tortori-Donati et al. 2001; Rossi et al. 
2004a,b; Tortori-Donati et al. 2005b). While the 
former results in longitudinal spinal cord splitting, 
the latter results in the absence of a notochordal 

Fig. 1.15 Dermal sinus and dermoid in a 4-month-old girl. 
Sagittal T2-weighted image shows dermal sinus coursing 
obliquely through the subcutaneous fat (arrows). Hyperin-
tense dermoid (D) apparently originating from bottom of the 
dermal sinus (open arrow) connects with a low-lying conus 
medullaris. A fatty stripe along the posterior aspect of the 
cord generates chemical shift artifact (arrowheads)

Fig. 1.16 Persistent terminal ventricle in a 4-year-old boy. 
Sagittal T2-weighted image shows dilatation of the ependy-
mal canal that slightly expands the conus medullaris
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segment and, therefore, of the corresponding spine 
and spinal cord segment.

Disorders of Midline Notochordal Integration

Embryologically, prospective notochordal cells are 
derived from the Hensen’s node, and stream in 
equal numbers from both sides of the node past 
the primitive pit to migrate between the hypoblast 
and the primitive endoderm in the midline. Midline 
integration is the process by which the two paired 
notochordal anlagen fuse in the midline to form a 
single notochordal process. The cause of failed mid-
line notochordal integration has been the source of 
continuing debate among authors, and several pos-
sible explanations have been proposed (Faris and 
Crowe 1975; Pang et al. 1992; Prop and Fensdorf 
1967). The eventual malformation depends on the 
severity of the abnormality and the outcome of the 
repair efforts of the embryo. Several malformations 
belong to this broad group. The full expression of the 
abnormality is the so-called dorsal enteric fi stula, in 
which a connection between the skin surface and 
the bowel, crossing a complete duplication of the 
spine and spinal cord, is established due to persis-
tence of the neurenteric canal, which connects the 
epiblast to the primitive endoderm during gastrula-
tion. This condition is extremely rare and has only 
exceptionally been described (Hoffman et al. 1993). 
Malformations that may be embryologically related 
to the persistence and further differentiation of lim-
ited portions of the neurenteric canal are more fre-
quent; these include bowel duplications, neurenteric 
cysts and fi stulae, diastematomyelia, and according 
to some views, dermal sinuses.

Disorders of Segmental Notochordal Formation

Programmed cell death, or apoptosis, is a process of 
cell elimination that occurs during normal develop-
ment and represents a crucial phenomenon in vari-
ous steps of embryogenesis. According to one theory 
(Tortori-Donati et al. 2000; Tortori- Donati et 
al. 2001; Rossi et al. 2004a,b; Tortori-Donati et 
al. 2005b) prospective notochordal cells that are 
wrongly specifi ed in terms of their rostrocaudal 
positional encoding could be eliminated so that, 
eventually, fewer cells or even no cells will form 
the notochord at a given abnormal segmental level. 
The consequences of such a segmental notochordal 
paucity are manifold and affect the development 
of the spinal column and spinal cord as well as of 
other notochord-induced organs. If the prospective 
notochord is depleted, a wide array of segmental ver-

tebral malformations, including segmentation de-
fects, indeterminate or block vertebrae, or absence 
of several vertebrae, will result. Moreover, lack of 
neural induction and absence of a fl oor plate will 
result in fewer prospective neuroectodermal cells, or 
even no cells at all, being induced to form the neural 
tube in the pathological segment. The resulting mal-
formation will basically depend on the segmental 
level and the extent of the abnormality along the 
longitudinal embryonic axis, resulting in interfer-
ence on the subsequent processes of primary and/or 
secondary neurulation. In the vast majority of cases, 
the abnormality involves the caudal extremity of the 
embryo, resulting in caudal agenesis. Much less fre-
quently, the abnormality involves an intermediate 
notochordal segment, thereby resulting in segmen-
tal spinal dysgenesis (Tortori-Donati et al. 2000; 
Tortori-Donati et al. 2001; Rossi et al. 2004a,b; 
Tortori-Donati et al. 2005b).

Diastematomyelia

Diastematomyelia is the most frequent form of ab-
normal midline notochordal integration. Diastema-
tomyelia (literally “split cord”) refers to a variably 
elongated separation of the spinal cord in two, usually 
symmetric, halves. Whether this diastematomyelia 
represents true cord splitting or, rather, incomplete 
cord duplication has been the subject of enduring 
debate. Observations indicate that there is in fact 
a continuous spectrum of abnormality ranging all 
the way between a partially cleft cord contained in a 
single dural tube at one end, and a completely dupli-
cated spinal cord contained within dual dural tubes 
with an intervening bony spur at the other end. The 
term “split cord malformations” (SCM) has been in-
troduced to describe this malformative continuum 
(Pang 1992; Pang et al. 1992); however, we believe 
this is just an English translation of the originally 
from Greek derived term, diastematomyelia, which 
is deeply rooted into common use. We therefore 
encourage retaining the traditional denomination, 
which has the advantage of being widely recognized 
and accepted in the literature.

Embryologically, abnormal midline notochordal 
integration results into a variably elongated segment 
in which the midline notochord is replaced by two 
paired notochordal processes separated by interven-
ing primitive streak cells. These “heminotochords” 
will join each other at either (i.e., cranial and caudal) 
end of the defect. Each “heminotochord” induces a 
separate “hemi”-neural plate, which will then neu-
rulate independently to form a “hemi”-neural tube. 
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The resulting malformation essentially depends on 
the developmental fate of the intervening primitive 
streak tissue, which is a totipotential tissue capable 
of differentiating into ecto-, meso-, and endodermal 
lineages. If this intervening tissue differentiates into 
cartilage and bone, the two hemicords eventually 
will be contained into two individual dural sacs sep-
arated by an osteocartilaginous spur. Conversely, if 
the primitive streak tissue is reabsorbed or only re-
sults into a thin fi brous septum, the two hemicords 
eventually will lie within a single dural tube. This 
basic, albeit somewhat oversimplifi ed, mechanism 
represents the foundation of the classifi cation of di-
astematomyelia into two groups (Pang et al. 1992).

Diastematomyelia Type I

Diastematomyelia type I consists of two hemicords 
contained within individual dural tubes, separated 
by a bony or osteocartilaginous septum that extends 
from the vertebral body to the neural arches (Pang et 
al. 1992). This rigid septum is entirely  extradural.

Clinically, patients often display a hairy tuft ly-
ing high relatively cephalad along the back, which 
is considered to be a very reliable clinical marker 
of diastematomyelia (Tortori-Donati et al. 2000; 
Tortori-Donati et al. 2001; Rossi et al. 2004a,b; 
Tortori-Donati et al. 2005b). Affected children 
usually present with scoliosis and a tethered cord 
syndrome (TCS).

Radiological abnormalities involve both the 
spine and spinal cord. Vertebral anomalies, includ-
ing bifi d lamina, widened interpediculate distance, 
hemivertebrae, bifi d vertebrae, fused vertebrae, and 
narrowing of the intervertebral disk space, may al-
ready be apparent on conventional X-ray. Scoliosis is 
common and is seen in 30–60% of these individuals. 
The radiological hallmark (Naidich and  Harwood-
Nash 1983; Pang et al. 1992) is the osseous or os-
teocartilaginous septum (the “spur”), which divides 
the spinal canal into two separate halves, each con-
taining an independent dural tube, in turn contain-
ing a hemicord. Although in the archetypal case 
the spur connects the vertebral body to the neural 
arch along a midsagittal plane, “atypical” spurs are 
common. The spur may course obliquely and may 
be incomplete, in which case it may originate either 
from the vertebral body or from the neural arch. In 
some cases, the spinal canal is divided unequally, 
resulting in two asymmetric hemicords. CT may be 
performed in order to obtain a three-plane evalua-
tion of the spur for presurgical evaluation; however, 
especially in young children, the spur may be mostly 

cartilaginous and is therefore inadequately visual-
ized on CT.

MRI is the imaging modality of choice for a thor-
ough investigation of this abnormality (Fig. 1.17). In 
most cases, the spur is located at the thoracic or lum-
bar level and lies at the caudal end of the cord split-
ting. As a consequence, the two hemicords usually 
surround the spur tightly before fusing with each 
other to form a normal spinal cord below, whereas 
rostrally the splitting is much more elongated; there-
fore, there is a craniocaudal sequence of partial cleft-
ing, complete diastematomyelia within a single dural 
tube, diastematomyelia with dual dural tubes with 
intervening spur, and reunion of the two hemicords.

There may be a number of associated fi ndings in 
this condition. Hydromyelia is very common and 
may involve the normal cord both above and be-
low the splitting, as well as one or both hemicords 
(Schlesinger et al. 1986). A tight fi lum terminale is 
very commonly associated to diastematomyelia, in 
our experience more often than it exists as an isolated 
anomaly. Failure of neurulation of one hemicord pro-
duces a hemimyelocele or hemimyelomeningocele.

Diastematomyelia Type II

Diastematomyelia type II is embryologically a less 
severe form than type I. The basic difference is that 
there is not an osteocartilaginous spur to divide 
the spinal canal. As a consequence, there is a single 
dural tube housing both hemicords (Naidich and 
Harwood-Nash 1983; Pang et al. 1992). Patients 
may have a less severe neurological impairment than 
those with the type I, basically because TCS usually 
is not a factor (Pang 1992).

Three variants of diastematomyelia type II exist, 
i.e., absence of a septum, presence of an intervening 
fi brous septum, and partial cord splitting (Tortori-

Donati et al. 2000; Tortori-Donati et al. 2001;  Rossi 
et al. 2004a,b; Tortori-Donati et al. 2005b); of these, 
absence of whatever septum is, by far, the most com-
mon (Fig. 1.18). In such a case, the diagnosis is rela-
tively straightforward both on correctly placed axial 
and coronal MRI sequences; however, it is common-
place that most radiologists basically rely on sagittal 
MR images for initial spinal assessment and further 
decision on if and how to proceed with additional se-
quencing. Unfortunately, diastematomyelia type II 
may be especially diffi cult to appreciate on sagittal 
MR images, where the only indicative sign is an appar-
ent thinning of the spinal cord resulting from partial 
averaging with the intervening subarachnoid space 
between the two hemicords. A midline,  nonrigid, 
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Fig. 1.17a-e. Diastematomyelia type I with hydromyelia in a 
1-year-old girl. a Sagittal and b coronal T1-weighted images 
show bony spur (S) containing high-signal bone marrow and 
projecting into the spinal canal. The spur is located at the 
bottom end of the cord splitting. The two hemicords (hc) are 
visible above the spur. There also is hydromyelia involving 
the spinal cord above the splitting (H). Multiple vertebral 
segmentation defects involving the lumbar spine and sac-
rum are revealed by rudimentary intervertebral disks (ar-
rowheads, a). c–e Axial T2-weighted images show the mal-
formation sequence from cephalad to caudad: c hydromyelia 
(H); d split spinal cord (hc) within a single dural sac; and e 
split spinal cord (hc) with dual dural sacs and intervening 
bony spur (S) that connects the vertebral body to an abnor-
mally thick neural arch

b

d

a

c

e
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fi brous septum is sometimes detected at surgery, 
accounting for rare cases of TCS in the setting of dia-
stematomyelia type II (Pang 1992). These septa may 
be identifi ed on axial and coronal T2-weighted im-
ages as thin hypointense stripes interposed between 
the two hemicords. Rare cases of partial cord split-
ting are characterized by an incomplete separation of 
the two hemicords, which remain joined by a midline 
bridge; these are the mildest forms of diastematomy-
elia (Tortori-Donati et al. 2000; Tortori-Donati 
et al. 2001; Rossi et al. 2004a,b; Tortori-Donati 
et al. 2005b). Hydromyelia may be present with the 
same features as in diastematomyelia type I. The co-
nus medullaris is typically low, and there is a strong 
association with a tight fi lum terminale. Associated 
vertebral anomalies are usually milder than in type I, 
and are represented by butterfl y vertebrae in most 
cases. Posterior spina bifi da is often present, whereas 
scoliosis is usually absent.

Caudal Agenesis (Caudal Regression Syndrome)

Caudal agenesis (CA), or caudal regression syn-
drome (Duhamel 1961), is a broad header group-
ing a heterogeneous constellation of anomalies that 
comprise total or partial agenesis of the caudal por-
tion of the spinal column, anal imperforation, geni-
tal anomalies, bilateral renal dysplasia or aplasia, 
pulmonary hypoplasia, and lower limb abnormali-
ties. The term caudal agenesis is preferred to caudal 
regression syndrome, as the latter implies a concept 
of excessive regression of the embryonic tail that 
cannot be adequately applied to tail-less animals, 
such as humans. Sacrococcygeal agenesis may be 
part of complex syndromes, such as OEIS (ompha-
locele, cloacal exstrophy, imperforate anus, and 
spinal deformities) (Carey et al. 1978), VACTERL 
(vertebral abnormality, anal imperforation, cardiac 
anomalies, tracheoesophageal fi stula, renal abnor-
malities, limb deformities) (Smith et al. 1992), and 

Fig. 1.18a-c. Diastematomyelia type II without septum in a 
13-year-old girl. a Sagittal T1-weighted image shows a low-
lying spinal cord with apparent focal thinning (open arrow) 
resulting from partial averaging with the intervening sub-
arachnoid space between the two hemicords. There is associ-
ated fi lar lipoma (thin arrow). Also note multiple vertebral 
segmentation abnormalities. b,c Axial T2-weighted images 
clearly show the two hemicords (arrows, b) contained into 
a single dural tube, with no intervening septum. Note bifi d 
spinous processes (arrows, c) at the level of the conus tip

a

b

c



26 A. Rossi, C. Gandolfo, A. Cama, and P. Tortori-Donati

the Currarino triad (partial sacral agenesis, ano-
rectal malformation, and presacral mass: teratoma 
and/or meningocele) (Currarino et al. 1981; Dias 
and Azizkhan 1998; Gudinchet et al. 1997). The 
association with maternal diabetes mellitus (1% of 
offspring of diabetic mothers) is well established. 
Also, in humans CA can be inherited as an autoso-
mal-dominant condition (Catala 2002).

The degree of vertebral abnormality in CA may 
range extensively, from isolated agenesis of the coc-
cyx to absence of the sacral, lumbar, and lower tho-
racic vertebrae; however, the vast majority of these 
anomalies involve absence of the coccyx and part of, 
or the whole, sacrum. The degree of sacral agenesis 
may vary, with S1 through S4 present in individual 
cases. Sacral aplasia may also be asymmetric, with 
resulting total or subtotal hemisacrum that may, 
in turn, be unilateral or bilateral (Pang 1993). Full 
appreciation of the heterogeneous spectrum of ver-
tebral malformation requires anteroposterior and 
lateral X-ray fi lms, which constitute an essential 
part of the neuroradiological work-up. Computed 
tomography may be necessary for clarifi cation of 
particularly complex conditions.

Classically CA is categorized into two variants 
depending on the location and shape of the conus 
medullaris: either high and abrupt (type I) or low 
and tethered (type II). This categorization is very ad-
equate in that it effectively groups patients into two 
quite homogeneous groups, characterized not only 
radiologically, but also by different embryology and 
clinical picture. Embryologically, CA is consistent 
with abnormal formation of a caudal segment of the 
notochord and corresponding paraxial mesoderm, 
resulting in a correspondingly segmental abnor-
mality of neural induction. The cause of the origi-
nal abnormality is unknown, but it may be related 
to abnormal genetics at the level of Hensen’s node. 
Depending on the longitudinal extent of the defect, 
interference will be generated with either both pri-
mary and secondary neurulation (CA type I, more 
severe) or with secondary neurulation alone (CA 
type II, less severe); therefore, the crucial embryo-
logical watershed between the two varieties is the 
interface between primary and secondary neurula-
tion (i.e., the junction between the true notochord 
and the tail bud) corresponding to the caudal end of 
the future neural plate (Tortori-Donati et al. 2000; 
Tortori-Donati et al. 2001;  Rossi et al. 2004a,b; 
Tortori-Donati et al. 2005b). This site has been 
the source of continuing debate among authors: 
current evidence places it at S3 (Nievelstein et al. 

1993). As a consequence, the degree of spinal cord 
aplasia correlates metamerically with the degree of 
the spinal malformation, with a greater elongation 
of vertebral aplasia in the type I than in the type II 
(Nievelstein et al. 1994).

Type-I CA

In type-I CA, not only the tail bud, but also part 
of the true notochord, fails to develop. As a conse-
quence, there will be interference with both the pro-
cesses of primary and secondary neurulation, and 
the fi nal vertebra to form will be S3. In other words, 
depending on the severity of the original damage 
the eventual degree of vertebral aplasia may range 
from absence of the coccyx and lower midsacrum 
to aplasia of all coccygeal, sacral, lumbar, and lower 
thoracic vertebrae, although the last vertebra is L5 
through S2 in the vast majority of patients.

Because absence of a notochord causes failed 
neural induction, there will be aplasia of the caudal 
metameres of the spinal cord, resulting in the typi-
cally abrupt (i.e., without normal taper) spinal cord 
terminus that nearly always is club or wedge shaped 
(Fig. 1.19) and high-lying (most often opposite T12, 
but sometimes opposite L1) (Barkovich et al. 1989; 
Pang 1993; Nievelstein et al. 1994). The cauda equi-
na also has an abnormal course that has been termed 
the “double bundle shape” (Pang 1993). The thecal 
sac tapers below the cord terminus, and also ends at 
an unusually high level with a gross correspondence 
to the degree of cord aplasia, i.e., the higher the cord 
terminus, the higher the termination of the thecal 
cul-de-sac. Associated caudal anomalies, such as an-
terior meningoceles and teratomas, are sometimes 
found, although much less frequently than in type-II 
CA, and unlike in the latter, the cord is not tethered 
to these caudal anomalies. This accounts for the neg-
ligible incidence of the tethered cord syndrome and 
progressive neurological deterioration in these pa-
tients, contrary to those with type-II CA. In fact, chil-
dren with type I typically have a stable neurological 
defect that is due to their “fi xed” spinal cord dysplasia 
(Pang 1993). In particular, their motor defi cit tends to 
parallel the extent of the bony abnormality, whereas 
sensory impairment is much less predictable from the 
radiographic appearance.

Type-II CA

In type-II CA, the whole or a part of the tail bud 
fails to develop, but the true notochord is unaffected; 
therefore, primary neurulation occurs normally, 
while there is interference only with the process of 
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Fig. 1.19a-c. Type-I caudal agenesis in a 15-month-old girl. a Sagittal T1-weighted image shows subtotal sacrococcygeal agen-
esis, with S2 as the last visible vertebra, articulating with aberrant osteocartilaginous conglomerate (black arrow). The cord 
terminus is wedge-shaped and lies opposite T12 (white arrow). There is “double bundle” arrangement of the nerve roots of 
the cauda equina (arrowheads). The dural sac tapers abruptly and ends abnormally high (thick arrow). b Axial T1-weighted 
image at the level of T12 shows bulky cord terminus surrounded by anterior and posterior nerve roots (arrows). c Axial 
T1-weighted image at the level of L1 shows presence of the nerve roots (arrows) but absence of the conus tip (asterisk). This 
“ghost conus” appearance is a common and telltale occurrence with type-I caudal agenesis
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secondary neurulation. As a consequence, the de-
gree of vertebral dysgenesis is less severe than in 
type I, with at least S4 present as the last vertebra. 
Correspondingly, only the most caudal portion of 
the conus medullaris (corresponding to the meta-
meres formed by secondary neurulation) is absent; 
however, the latter condition is diffi cult to recognize 
on imaging, because the conus itself is stretched cau-
dally and tethered to a tight fi lum, lipoma (Fig. 1.20), 
terminal myelocystocele, lipomyelomeningocele, or 
the neck of an anterior sacral meningocele.

Because of this situation, children with type-II 
CA typically present with a tethered cord syndrome 
and are at risk for further neurological deteriora-

tion, which is why they often are referred for neu-
rosurgical interventions. In a minority of cases, 
teratomas or other caudal tumors are found. On 
clinical examination, these low-back masses must 
be differentiated from overgrowing fatty tissue that 
is sometimes present in these patients at the level of 
the buttocks.

Imaging studies in the type-II CA may be diffi cult 
to interpret, especially when one is looking for small 
teratomatous masses along the walls of anterior me-
ningoceles, in the presacral space, or deep within 
the pelvic cavity. In these cases, presaturation slabs 
must not be placed anterior to the spinal column in 
order not to miss possible presacral abnormalities.
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Segmental Spinal Dysgenesis

Segmental spinal dysgenesis (SSD) is defi ned as the 
association of: (a) segmental agenesis or dysgenesis 
of the lumbar or thoracolumbar spine; (b) segmen-
tal abnormality of the underlying spinal cord and 
nerve roots; (c) congenital paraplegia or paraparesis; 
and (d) congenital lower limb deformities (Tortori-

Donati et al. 1999). Segmental vertebral anomalies 
may involve the thoracic, lumbar, or lumbosacral 
spine, but the thoracolumbar region is the most 
often involved. As with CA, the embryogenesis 
of SSD is believed to relate to a yet unknown ge-
netic defect interfering with the normal function of 
Hensen’s node and notochordal formation. Different 
from CA, however, an intermediate, rather than the 
most caudal, segment of the notochord is affected 
(Tortori-Donati et al. 1999). The consequences, 
however, are the same in that segmental notochordal 
abnormality causes segmental lack (or abnormal-
ity) of neural induction, resulting in a metameric 
correspondence between vertebral abnormality and 
spinal cord dysgenesis.

In the most severe cases, the spinal cord at the 
level of the abnormality is thoroughly absent, and the 
bony spine is focally aplastic. As a result, the spine 
and spinal cord are “cut in two,” with resulting acute 
angle kyphosis (Fig. 1.21). Between the two spinal seg-

ments, the spinal canal is extremely narrowed or even 
totally interrupted. The lower spinal cord segment is 
invariably bulky and low-lying. A horseshoe kidney 
is typically lodged in the concavity of the kyphosis. 
Newborns with this severe form of SSD are paraple-
gic at birth and typically show hypotrophic and de-
formed lower limbs with equinocavovarus feet.

In less severe cases, the spinal cord is focally hy-
poplastic and will therefore appear narrower than 
normal on MRI studies, but is not interrupted. 
There is no disconnection of the bony spine either, 
although bony stenosis of the spinal canal and verte-
bral abnormalities typically involve the pathological 
segment (Tortori-Donati et al. 1999).

1.2 
Congenital Abnormalities of the Cranio-
Cervical Junction

Congenital or acquired abnormalities of the oc-
cipital bone, foramen magnum, or the fi rst two 
cervical vertebrae may decrease the potential space 
for the lower brainstem and cervical cord and can 
therefore result in compression of the cerebellum, 

Fig. 1.20a-c. Type-II caudal agenesis in a 9-year-old boy with VACTERL association. a Sagittal T1-weighted and b sagittal 
T2-weighted images show the spinal cord is low and tethered to an intradural lipoma (arrows, a). The thecal sac terminates 
abnormally high (arrowheads, a,b). Notice extensive vertebral anomalies; however, the degree of sacrococcygeal abnormal-
ity is less severe than in the type I, with a nonsegmented S3-4 rudiment present in this case. c Axial T1-weighted images 
confi rms fi lar lipoma (arrow) and shows abnormal vertebral neural arch
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Fig. 1.21a,b. Segmental spinal dysgenesis in 2-year-
old girl. a,b Sagittal T2-weighted images show acute 
thoracolumbar kyphosis with complete interruption 
of the spinal column. There are two completely sepa-
rated spinal cord segments (sc). The upper one ends 
several vertebral levels above the gibbus, whereas the 
lower one is bulky and low. Note horseshoe kidney (K) 
lodged into the kyphotic concavity, a typical arrange-
ment in severe forms of segmental spinal dysgenesis ba

lower cranial nerves, cervical spinal cord, cervical 
nerve roots, or their vascular supply. Clinical fi nd-
ings may be variable. Often, patients present with a 
head tilt or torticollis. Pain may be present either 
due to compression of the C2 nerve root and greater 
occipital nerve or to local musculoskeletal dysfunc-
tion. Myelopathy may cause both motor and sen-
sory disturbances; the former includes weakness, 
spasticity, hyperrefl exia, and muscular atrophy; the 
latter includes paresthesia, loss of pain and tem-
perature sensation, abnormal vibration sensation, 
and Lhermitte’s sign. Brainstem and cranial nerve 
defi cits include sleep apnea, internuclear ophthal-
moplegia, nystagmus, hoarseness, dysarthria, and 
dysphagia.

1.2.1 

Bony Abnormalities

1.2.1.1 

Basilar Invagination

Basilar invagination indicates an occipitocervical 
dysplasia in which there is upward herniation of the 
margins of the foramen magnum into the posterior 
fossa, a process that may be accompanied by impinge-
ment of structures, such as the odontoid on the me-
dulla oblongata with fl exion of the head (Fig. 1.22). 

The term is not synonymous with basilar impression, 
which indicates a secondary form of invagination 
caused by bone softening (Castillo and Mukherji 
1995) as in Paget’s disease, rickets, or osteogenesis 
imperfecta, or by bone destruction related to tumor, 
infection, or trauma. Instead, the basilar invagina-
tion results from abnormal development of the en-
dochondral bone at the skull base and/or abnormal 
development of the atlas and axis of the cervical spine 
(C1 and C2).

Measurements used to evaluate basilar in-
vagination on skull radiographs and CT include 
(Zimmerman 2005):
Chamberlain's line, which joins the posterior margin 

of the foramen magnum to the posterior margin 
of the hard palate. In normal conditions, the tip 
of the odontoid should not be more than 5 mm 
above Chamberlain's line.

McGregor's line, which is from the lowermost point 
of the occipital squama through the posterior 
margin of the hard palate. The tip of the odontoid 
should not be more than 7 mm above McGregor's 
line.

Digastric line, which is drawn between the right and 
left digastric notches and can be visualized on an 
anteroposterior skull radiograph or on a coronally 
reconstructed CT. The digastric line is supposed 
to be 11 mm (±4 mm) above the middle of the at-
lanto-occipital joint. Basilar invagination is pres-



30 A. Rossi, C. Gandolfo, A. Cama, and P. Tortori-Donati

Fig. 1.22a,b. Complicated basilar invagination in an 18-year-old tetraplegic boy. a Sagittal reformatted CT scan shows as-
similation of C1–C2, upward protrusion of the cervical spine with respect to the clivus, and marked stenosis of the foramen 
magnum (arrowheads). b Sagittal T2-weighted image shows hyperintensity of the bulbomedullary junction (arrows) related 
to edema due to mechanical compression

a

b

ent when the atlanto-occipital joint is at or above 
the digastric line.

The role of MRI is basically in the evaluation of 
the cervico-medullary junction for possible edema 
due to mechanic compression and the search of as-
sociated abnormalities, such as the Chiari-I malfor-
mation (Fig. 1.23).

1.2.1.2 

Achondroplasia

Achondroplasia is autosomal dominant, with a fre-
quency of 1 in 26,000 live births (Rousseau et al. 
1994; Shiang et al. 1994) and as many as 80% spon-
taneous mutations. Clinical manifestations are char-
acterized by short-limbed, short-trunked dwarfi sm 
with a large head (Hecht et al. 1985). Newborns with 
this condition may be hypotonic at birth, possibly as 
a result of brainstem compression, which may also 
cause sleep apnea and dysphagia. Most patients are 
intellectually normal.

On imaging, there is a small skull base involv-
ing the region of the sphenoid and a small posterior 

Fig. 1.23 Basilar invagination associated with Chiari-I mal-
formation (bulbar variant) in a 10-year-old boy. Sagittal T2-
weighted image shows protrusion of the odontoid process 
above the Chamberlain line (white line). There is associated 
tonsillar descent (thin arrow). Also note cervicomedullary 
kink (open arrow) which, together with tonsillar ectopia and 
bulbar elongation, constitutes the so-called bulbar or my-
elencephalic variant of the Chiari-I malformation
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 fossa because of underdevelopment of portions of 
the sphenoid and occipital bones, which can produce 
compression of the cervicomedullary structures at 
the region of the foramen magnum (Fig. 1.24). The 
cross-sectional area of the foramen magnum is re-
duced in the vast majority of patients. Stenosis of 
the jugular foramina causes retrograde venous hy-
pertension that hinders cerebrospinal resorption, 
frequently causing communicating hydrocephalus. 
Spinal canal stenosis is typical and especially in-
volves the cervical and lumbar portions of the canal. 
The sacrum is horizontalized.

1.2.1.3 

Down Syndrome

Anatomic abnormalities of the craniocervical junc-
ture are common in patients with Down syndrome, 
and comprise C1 hypoplasia and assimilation, hypo-
plasia of the odontoid process of C2, and ligamen-
tous laxity of the atlantooccipital and atlantoaxial 
joints (White et al. 1993). These conditions pre-
dispose to anterior or posterior subluxation with 
distortion of the subarachnoid spaces and compres-
sion of the medulla and/or spinal cord. Functional 
atlantoaxial instability may be demonstrated and 
measured dynamically both with conventional ra-
diograms and CT as well as on MRI. It is crucial that 

Fig. 1.24a,b. Achondroplasia in a 2-year-old boy. a Sagittal T2-weighted image shows 
stenosis of the foramen magnum caused by prominence of the posterior lip of the 
foramen magnum, indenting the posterior aspect of the bulbomedullary junction 
(arrow). Note stenosis of the spinal canal with the posterior margins of the in-
tervertebral disks impinging on the ventral aspect of the thecal sac. b Coronal 2D 
time-of-fl ight MR angiogram shows the jugular foramen is also stenotic bilater-
ally (arrows), predisposing to venous hypertension and communicating hydro-
cephalusa

b

trained personnel perform these potentially harm-
ful maneuvers in order not to cause, or further ag-
gravate, spinal cord compression.

1.2.1.4 

Klippel-Feil Syndrome

The Klippel-Feil deformity is a complex of osseous 
and visceral anomalies that includes low hairline, 
platybasia, fused cervical vertebrae with short neck, 
and deafness (Fig. 1.25). The classical clinical triad 
consists of short neck, limitation of head and neck 
movements, and low-set posterior hairline. Bony 
malformations may entrap and damage the brain 
and spinal cord. The disorders of the lower verte-
bral region may become symptomatic in adolescence 
or adult life. The pathogenesis has been related to 
anomalous somitic segmentation between gesta-
tional weeks 4 and 8. Associated CNS abnormalities 
include occipital cephalocele, Chiari-I malformation, 
syringes, microcephaly, and hydrocephalus. Several 
associated abnormalities, such as scoliosis, posterior 
bony spina bifi da, absence of ribs, conductive hear-
ing loss, mirror movements, unilateral renal ectopia 
with dilated collecting system, microtia, and preaxial 
polydactyly, have also been reported. The pattern of 
bony fusion may involve more than one level, pro-
ducing the “wasp waist sign” when two adjacent lev-



32 A. Rossi, C. Gandolfo, A. Cama, and P. Tortori-Donati

els are involved (Nguyen and Tyrrel 1993). Cervical 
spondylosis, disk herniation, and secondary degen-
erative changes are more common at levels adjacent 
to fused vertebrae (Ulmer et al. 1993). Spontaneous 
and progressive neurological sequelae and neuro-
logical injury may follow minor neck trauma.

1.2.2 

Chiari Malformations

Chiari malformations are a heterogeneous group of 
abnormalities grouped under a common heading 
because they were initially described by the same 
Austrian pathologist H. Chiari, in two papers pub-
lished at the end of the nineteenth century (Chiari 
1891, 1896). The Chiari malformations comprise the 
common, widely known types I and II, the rare type 
III, and a fourth type whose defi nition and autono-
mous dignity is still debated among authors (Cama 
et al. 1995). Although all these entities share com-
mon features, such as a variable degree of reduction 
in size of the posterior fossa and (with the exception 
of the type IV) herniation of portions of the cer-

ebellum into the foramen magnum, it is accepted 
that type I (resulting from a mesodermal hindbrain 
abnormality) should be separated from the other 
types that are related to neural tube closure defects 
(Tortori-Donati et al. 2005a).

1.2.2.1 

Chiari-I Malformation

1.2.2.1.1 

Background

The Chiari-I malformation is characterized by down-
ward displacement of elongated, peg-like cerebellar 
tonsils through the foramen magnum into the up-
per cervical spinal canal, sometimes associated with 
descent and distortion of the bulbo-medullary junc-
tion and often complicated by hydrosyringomyelia 
and/or hydrocephalus. Although the extensive use 
of MRI has revealed that caudal tonsillar ectopia is 
much more common than was previously believed, 
understanding of the pathogenesis, clinical mani-
festations, and treatment of this abnormality is still 
controversial (Milhorat et al. 1999).

1.2.2.1.2 

Pathogenesis

It is believed that the anomaly is primarily related to a 
disorder of the paraxial mesoderm and, particularly, 
to hypoplasia of the occipital bone due to underde-
velopment of the occipital somites, with reduced vol-
ume and overcrowding of the posterior cranial fossa, 
which contains a normally developed hindbrain 
(Nishikawa et al. 1997). The possible association 
with other skeletal developmental abnormalities, 
such as basilar invagination, further reduces the size 
of the posterior fossa, thereby increasing overcrowd-
ing and downward herniation of nervous structures. 
The vast majority of cases occur sporadically.

The Chiari-I malformation is a primary malfor-
mative condition that should be differentiated from 
acquired forms of caudal herniation of the hind-
brain that may occur secondary to CSF hypotension 
(either iatrogenic or spontaneous), raised intracra-
nial pressure (i.e., in intracranial tumors), or venous 
hypertension (i.e., in arteriovenous malformations). 
While radiological fi ndings may be at fi rst glance in-
distinguishable from those of Chiari I, there is com-
plete reversal of tonsillar descent after treatment of 
the predisposing condition, as is documented by 
follow-up MRIs. We believe that the term “acquired 

Fig. 1.25 Klippel-Feil syndrome in an 8-year-old boy. Sagittal 
T1-weighted image shows fusion of most cervical and su-
perior thoracic vertebral bodies, with only one individually 
recognizable normal intervertebral disk (arrowhead). Note 
also fusion of the posterior vertebral elements. The crani-
ocervical junction and spinal canal are normal in this case
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Chiari-I malformation,” sometimes used to describe 
this condition (Payner et al. 1994), is a misnomer 
that should be abandoned.

1.2.2.1.3 

Clinical Findings

A signifi cant proportion of patients (14–56% of 
cases; Elster and Chen 1992; Park et al. 1997; 
Meadows et al. 2000) are neurologically normal 
at presentation, and the diagnosis is made when an 
MRI is performed for another reason. The clinical 
signifi cance and appropriate management of these 
patients often remains uncertain (Wu et al. 1999). 
When present, symptoms are often vague, ambigu-
ous, and may last months to years prior to diagnosis. 
Initial symptomatology may include headache, head 
tilt, neck pain, dysphagia, numbness, weakness, in-
coordination, nystagmus, and ataxia, among other 
symptoms ( Elster and Chen 1992; Park et al. 1997; 

Milhorat et al. 1999;Wu et al. 1999). Although the 
degree of tonsillar descent grossly correlates with 
the presence of signs and symptoms, cranial and 
brain measurements have not been found to cor-
relate signifi cantly with the prognosis and the in-
cidence of complications (Christophe and Dan 
1999). When present, hydrocephalus and hydro-
syringomyelia generally overshadow other clinical 
manifestations. Scoliosis is found in 28% of cases 
(Milhorat et al. 1999).

1.2.2.1.4 

Imaging Findings

Caudal ectopia of the cerebellar tonsils into the fora-
men magnum is the hallmark of the Chiari-I mal-
formation (Fig. 1.26). Measurement of the degree of 
downward displacement is critical in order to make 
the diagnosis. The extent of this ectopia is measured 
on a midsagittal MR image from the tips of the cer-

Fig. 1.26a-c. Chiari-I malformation (classical form) in a 12-year-old 
boy. a Sagittal T1-weighted image shows caudal tonsillar ectopia (ar-
row). The posterior fossa is small. b Coronal T2-weighted image shows 
tonsillar ectopia is greater to the right (arrows). c Axial T1-weighted 
image shows crowding of the foramen magnum due to the presence of 
the tonsils (T) behind the medulla oblongata

a b

c
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ebellar tonsils to a line drawn from the basion to 
the opisthion. There has been a signifi cant amount 
of controversy concerning the exact degree of ton-
sillar ectopia that should be regarded as abnormal 
(Elster and Chen 1992; Milhorat et al. 1999). 
In our clinical experience we have used 3 mm as a 
cut-off for normal individuals in the pediatric age 
group, and considered ectopia greater than 5 mm 
to be defi nitely pathological. Mild (i.e., 3–5 mm) 
ectopia was considered signifi cant in cases of: (a) 
neurological signs or symptoms that can be related 
to hindbrain compression; (b) peg-like deformation 
of the tonsils; or (c) a syrinx.

There is a signifi cant incidence of hydrosyringo-
myelia and hydrocephalus in patients with Chiari-I 
malformations. The CSF cavities may extend over 
variable distances along the spinal cord (Fig. 1.27). 
They involve more often the cervical spinal cord, 
but may also be holocord. They involve the me-
dulla (i.e., syringobulbia) in a minority of patients. 
 Hydrocephalus is more common in patients who 
also have hydrosyringomyelia (Milhorat et al. 
1999) due to the fact that both result from impaired 
CSF fl ow at the foramen magnum due to abnormal 
pulsatile motion of the cerebellar tonsils, producing 
a selective obstruction of CSF fl ow from the cranial 
cavity to the spine during systole. These phenomena 
may be dynamically observed on MRI using fl ow-
sensitive techniques (Puyol et al. 1995). Because hy-
drosyringomyelia (HSM) is a signifi cant contributor 
to the clinical picture and to the eventual outcome, 
it is critical that all patients with a diagnosis of Chi-
ari-I malformation undergo MR imaging of the spi-
nal cord. The reverse is also true, in that all patients 
with an apparently isolated HSM should be investi-
gated for a possible Chiari-I malformation.

In a minority of cases, bulbar elongation with a 
prominent obex and, sometimes, a true posterior 
cervico-medullary kinking may be seen in associa-
tion to the tonsillar descent. These cases have been 
referred to as the «bulbar» or «myelencephalic» vari-
ant of the Chiari-I malformation (Tortori- Donati 
et al. 2005a). This variant probably results from a 
smaller posterior fossa as compared with classical 
Chiari-I malformation, with an increased degree of 
neural overcrowding and downward displacement 
of the medulla. It is noteworthy that associated 
skeletal anomalies, such as platybasia and basilar 
invagination, are also relatively more common in 
patients with the bulbar variant (Fig. 1.23) than in 
classical Chiari-I malformation (Tortori-Donati 
et al. 2005a).

1.2.2.2 

Chiari-II Malformation

1.2.2.2.1 

Background

The Chiari-II malformation is a congenital abnor-
mality of the hindbrain characterized by a smaller 
than normal posterior cranial fossa with downward 
displacement of the vermis, brainstem, and fourth 
ventricle into the foramen magnum and cervical 
spinal canal. The Chiari-II malformation is found 
in all patients with open spinal dysraphisms (i.e., 
myelomeningoceles and myeloceles) (Cama et al. 
1995; Tortori-Donati et al. 2000; Tortori-Donati 
et al. 2005a), although, because the severity of the 
hindbrain malformation may be extremely variable, 
a number of patients may have a nearly normal-sized 
posterior fossa with minimal, or even absent, cau-
dal hindbrain displacement. Although greater than 
90% of patients with Chiari-II malformation have 
open spinal dysraphisms, a minority of cases is dis-

Fig. 1.27 Chiari-I malformation with hydromyelia in a 
13-year-old girl. Sagittal T1-weighted image shows ectopic 
cerebellar tonsils in the foramen magnum (arrow). There is 
associated hydromyelia that involves the whole cord from C4 
downwards to the conus medullaris (not shown). Multiple 
haustrations are a typical fi nding with Chiari-I-associated 
hydromyelia
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covered in patients with closed spinal dysraphisms, 
especially myelocystoceles (Rossi et al. 2006).

1.2.2.2.2 

Pathogenesis

According to the McLone and Knepper theory 
(McLone and Knepper 1989), the medial walls of 
the primitive central canal of the neural tube (“neu-
rocele”) normally appose and occlude the neurocele 
transiently during primary neurulation. Defective 
biosynthesis of cell surface glycoproteins causes the 
neurocele to remain patent, thereby allowing CSF 
to fl ow downwards and leak freely through the spi-
nal defect into the amniotic cavity. This results in 
chronic CSF hypotension with collapse of the rhomb-
encephalic vesicle (developing fourth ventricle) 
which in turn causes lack of induction of the peri-
neural mesenchyme of the posterior cranial fossa. As 
a consequence, both the cerebellum and brainstem 
eventually are forced to develop within a smaller 
than normal posterior fossa to the extent that the 
vermis and cervicomedullary junction eventually 
herniate caudally through the foramen magnum.

1.2.2.2.3 

Clinical Findings

The most common early symptom of this condition 
is respiratory stridor, often occurring within 1 or 
2 weeks of birth and usually disappearing sponta-
neously within a few days, or at most 3 months. On 
occasion, it may be associated with signs of hind-
brain dysfunction, such as diffi cult swallowing, in-
termittent apnea, aspiration, cessation of breathing, 
and arm weakness. Symptoms such as breathing and 
swallowing diffi culties are probably related to the 
disorganization of brainstem nuclei rather than to 
mechanical distortion (Narayan et al. 2001). Hy-
drocephalus, usually appearing within 72 h of sur-
gical correction of the spinal abnormality, presents 
with signs of raised intracranial pressure, that in-
clude bradycardia, opisthotonus, hypertonic upper 
limbs, hyperrefl exia, headache, and seizures.

1.2.2.2.4 

Imaging Findings

The Chiari-II malformation is characterized by a host 
of pathological features that generate a complex pic-
ture on neuroradiological investigations. Although 
caudal hindbrain displacement is the principal ab-

normality, there is a wide array of anomalies that 
involve the supratentorial compartment, the skull 
and meninges, and the spine and spinal cord; how-
ever, only the abnormalities pertaining the cranio-
cervical junction are discussed here. As with other 
brain malformations, MRI is the single best neu-
roimaging modality; however, CT still plays a role 
in the depiction of bony abnormalities, other than 
in the follow-up of patients undergoing CSF shunt-
ing procedures. Shunt malfunctions, cord tethering, 
trapped fourth ventricle, and hydrosyringomyelia 
are frequent causes of relapsing ventricular dilata-
tion. Because these children often undergo CT scan-
ning for evaluating ventricular size, care should be 
employed to limit X-ray exposure.

As was previously detailed, the principal osseous 
abnormality is represented by a smaller than normal 
posterior cranial fossa, resulting from abnormal 
development of the occipital somites due to insuf-
fi cient expansion of the rhombencephalic vesicle. 
The foramen magnum is enlarged in approximately 
three fourths of cases. The posterior margin of the 
odontoid process is frequently scalloped, and the 
upper portion of the cervical canal is widened. The 
posterior arch of the atlas is often incompletely de-
veloped; in such case, a thick fi broelastic band that 
constricts the underlying nervous structures bridg-
es the intervening gap.

Because the posterior fossa is smaller than normal, 
there is a lack of vital space for the nervous struc-
tures of the hindbrain, which are squeezed out of the 
posterior fossa during their growth. This process re-
sults in the pathological hallmark of the Chiari-II 
malformation, i.e., a caudal displacement of the in-
ferior vermis, medulla, cervicomedullary junction, 
and sometimes the fourth ventricle into the foramen 
magnum and upper cervical canal, forming a cas-
cade of herniations that is particularly well depicted 
on sagittal MR images (Fig. 1.28). As a result, there 
is crowding of the foramen magnum with chronic 
constriction exerted by bony and fi brous structures 
on the herniating brain. This may result in mechan-
ically induced ischemia of the inferior vermis and 
cervicomedullary junction, revealed by increased 
signal on T2-weighted MR images (Fig. 1.29). Nota-
bly, the cerebellar tonsils are not herniated even in 
severe cases, marking an important difference with 
the Chiari-I malformation.

The cervicomedullary deformities have been cat-
egorized into three types (Wolpert et al. 1988). In 
the type-1 deformity, the fourth ventricle and me-
dulla do not descend through the foramen magnum, 
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Fig. 1.28a,b. Chiari-II malformation in a 14-h-old male newborn with sacral myelomeningocele. a Sagittal T1-weighted image 
and b sagittal T2-weighted image show a very small posterior cranial fossa and the typical cascade of herniations constitut-
ing the hallmark of the Chiari-II malformation. Specifi cally, there is downward displacement of the vermis, forming the so-
called cerebellar peg (arrow), while the medulla is also displaced caudally and buckles below the cervical spinal cord which 
is kept in place by the dentate ligaments, forming the cervicomedullary kink (arrowhead). In this case, the fourth ventricle 
is collapsed, making it a Wolpert’s type-3a deformity (see text for discussion). Additional features include supratentorial 
hydrocephalus with a dilated suprapineal third-ventricular recess and a thickened quadrigeminal plate

a b

Fig. 1.29 Chiari-II malformation with cerebellar peg edema in a 
20-h-old female newborn with sacral myelomeningocele. Sagittal 
T2-weighted shows hyperintensity of the cerebellar peg extending 
upwards all the way to the nodulus (arrows) representing edema due 
to mechanical compression and vascular compromise. The posterior 
fossa is small and contains a correspondingly small fourth ventricle. 
Note that, unlike the previous case (see Fig. 1.28) there is no cervi-
comedullary kinking, making it a Wolpert’s type-1 deformity (see 
text for discussion). Additional features include hypertrophic inter-
thalamic mass and quadrigeminal plate. Note that hydrocephalus 
has not appeared yet
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and the only deformity is a cerebellar peg through 
the foramen magnum. In type 2, the fourth ventricle 
descends vertically through the foramen magnum in 
front of the cerebellar peg. In type 3, the medulla is 
buckled below the spinal cord, forming the cervico-
medullary kink behind the cord itself. This type is 
further categorized depending on whether the fourth 
ventricle is collapsed (type 3a) or dilated (type 3b).

1.2.2.3 

Chiari-III Malformation

The original paper by Chiari (Chiari 1891) included 
the description of a case of cervical spina bifi da 
combined with multiple hindbrain anomalies. Since 
then, the defi nition of the Chiari-III malformation 
has been expanded to include patients with hernia-
tion of the hindbrain in a low occipital and/or high 
cervical cephalocele in combination with pathologi-
cal and imaging features of Chiari-II malformation, 
such as a small posterior fossa, tectal beaking, en-
larged suprapineal third ventricular recess, and so 
forth (Castillo et al. 1992).

The cephalocele consistently involves the occipi-
tal bone below the inion, with possible extension 

Fig. 1.30a-c. Chiari-III malformation in a 2-month-old girl. a Sagittal T1-weighted image shows enormous occipito-cervical 
cephalocele basically containing cerebrospinal fl uid, but also brain. Additional fi ndings include a hypoplastic brain stem 
(white arrow) tectal beak (black arrow) enlarged interthalamic mass (asterisk) and corpus callosum dysgenesis (arrowhead). 
b,c Axial T1-weighted images show both occipital lobes, containing markedly enlarged occipital horns, herniate into the 
cephalocele, while the cerebellar hemispheres (C) abridge the sessile base of the cephalocele. There is no vermis to be found. 
The pons is markedly hypoplastic (white arrow, b) and tectal beaking is confi rmed (black arrow, c)

b

a

c

into the high cervical (C1–C3) spine, and contains 
at least a part of the cerebellum, but may also con-
tain the occipital lobe(s) (Fig. 1.30) and a severely 
distorted brainstem. Purely cervical cephaloceles 
must contain cerebellar tissue in order to match the 
Chiari-III defi nition.

1.2.2.4 

Chiari-IV Malformation

In his 1896 paper, Chiari described a fourth type of 
hindbrain anomaly, corresponding to severe cerebel-
lar hypoplasia (Chiari 1896); however, subsequent 
investigators discarded the term “Chiari-IV malfor-
mation.” In 1996, Tortori-Donati reintroduced the 
term to designate the association of severe cerebel-
lar hypoplasia in patients with myelomeningocele 
(Tortori-Donati et al. 1996). Such association ap-
pears to represent a well-defi ned, albeit rare, con-
dition. Pathological and imaging fi ndings of this 
condition (Fig. 1.31) include absent or severely hy-
poplastic cerebellum, small brainstem, and large 
posterior fossa CSF spaces, as opposed to caudal cer-
ebellar displacement and collapsed posterior fossa 
CSF spaces seen in typical Chiari-II patients.
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2.1 
Introduction

Knowledge of the normal anatomy and development 
of vertebrae, as well as of the changes in the verte-
bral bone marrow and spinal cord according to age 
are mandatory to interpret radiological images of 
these regions accurately. Imaging of the spine can 
be performed by conventional radiography, ultra-
sonography (US), computerized tomography (CT), 
digital subtraction angiography (DSA) or magnetic 
resonance imaging (MRI). With conventional radi-
ography, anteroposterior (AP), lateral, and oblique 
projections of the vertebral column, as well as spe-
cifi c structural imaging, should be obtained (e.g. AP 
open mouth for the odontoid process). Conventional 
radiographs provide valuable information regard-
ing the bony structures of the spinal column, facet 
joints, disc spaces, and foramina, while only limited 
information regarding the paraspinal soft tissues 
can be obtained. The spinal cord is well seen with 
US in the fi rst few months of life, but at a later age 
visualization of the cord is not satisfactory. US ex-
amination of the dural sac during spinal surgery is 
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K E Y  P O I N T S

Stages of spinal development on MRI

Stage I (< 1 mo)
Ossifi ed portion of the vertebral body is 
oval
Cartilaginous endplates are relatively large
T1-WI: bone marrow and nucleus pulposus 
are hypointense; cartilaginous endplates 
are hyperintense

Stage II (1–6 months)
Size and SI of ossifi ed portion of vertebral 
body increases
T1-WI SI of cartilaginous structures 
decreases
Decrease of SI gradually in vertebral body 
by 2 years
Vertebral bodies have a horizontal band 
with high SI

Stage III (6 months–5 years)
Vertebral bodies become rectangular
T1-WI SI of the bodies exceeds that of discs
At 5 years the SI of vertebral bodies > discs 
on T1-WI
Vertebral body bone marrow has a rela-
tively low SI, basivertebral plexus has high 
SI on T2-WI
Intervertebral discs are narrower compared 
to adults
Posterior elements are cartilaginous initial-
ly and have high SI on T2-WI compared to 
muscle; ossifi cation begins by 1st  year and 
become relatively hypointense on T2-WI

Atlantodental distance

Neutral 2–3 mm

Increase 2 mm in fl exion

Cervical interspinous distance

Increases with fl exion at C1–C2

Interspinous distance >1.5× compared to 
adjacent levels: ligamentous injury possible

Prevertebral soft tissue

 6 mm at C3 in children

Widening in expiration

Normal variants in the pediatric cervical 
spine:

Ossiculum terminale
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Bifi d odontoid

Cleft in posterior neural arches

Ponticulus posticus

Pseudosubluxation 

Wedging of vertebral bodies

Pseudo widening of interpeduncular dis-
tance

Spina bifi da occulta

Normal variants in the pediatric thoracic and 
lumbosacral spine:

Neurocentral synchondroses

Cleft in posterior neural arches

Wedging of vertebral bodies

Spina bifi da occulta

Vascular grooves

Ring apophyses

Pediculate thinning

“Bone-within-bone”

Degenerative disc disease

More common than generally thought in 
children and adolescents

Scheuermann’s disease, Schmorl’s nodes and 
limbus vertebrae are different manifesta-
tions of degenerative disc disease

Not all degenerative discs are symptomatic

Why some children are affected is not 
known

Repeated, subclinical traumas
Individual susceptibility

Spondylodiscitis: in children, persisting vas-
cular channels may allow direct inoculation 
of the intervertebral disc. Following bactere-
mia, the infection begins within the disc and 
extends to the adjacent endplate

Spinal tumors:

Intramedullary
Majority in children are astrocytoma fol-
lowed by ependymoma
Hemangioblastoma, oligodendroglioma, 
and paraganglioma are rare in children

Intradural extramedullary
Less frequent in children: meningioma, 
nerve sheath tumors 
More frequent in children: dermoids

Extradural
More frequent in children: osteosarcoma

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

–
–

�

�

�
–

–

�
–

–

�
–



  The Spine and Spinal Cord in Children 45

helpful for imaging evaluation and surgical plan-
ning. Multislice CT demonstrates the vertebral col-
umn, vascular structures and discs very well to-
gether with better visualization of the spinal cord 
and paraspinal soft tissues, while conventional CT 
demonstrates the vertebral body and posterior ele-
ments very well with only limited visualization of the 
soft tissues and spinal cord. Color-3D images of the 
entire vertebral column, paraspinal soft tissues and 
vascular structures can be obtained with multislice 
CT. DSA is still the gold standard for imaging and 
interventional procedures of spinal vascular struc-
tures. However, DSA is a time consuming, invasive 
technique that has the disadvantage of high levels of 
radiation, the risk of nephrotoxicity due to the con-
trast agents, spinal cord ischemia, etc. In addition, 
spinal DSA also has limitations in patients with tho-
racoabdominal aortic aneurysm. MR imaging has 
become the modality of choice for imaging of the 
spinal cord, thecal sac, nerve roots, epidural space, 
vascular structures, neural foramina, vertebral 
body, intervertebral discs, facet joints, spinal liga-
ments and also paraspinal soft tissues. New MR im-
aging techniques such as diffusion (DWI), perfusion 
(PWI), functional imaging (fMRI) and magnetic 
resonance spectroscopy (MRS) provide more spe-
cifi c, detailed and physiological information about 
the spine and spinal cord and also enable quantita-
tive evaluation. Contrast-enhanced (high dose) spi-
nal MRA is a very promising technique, particularly 
for screening examinations of the spinal veins and 
arteries. Increased temporal and spatial resolution 
enable us to differentiate arteries and veins lying 
in close proximity. This differentiation may not be 
precise due to the bidirectional fl ow of the segmen-
tal arteries, course and/or anatomical similarities of 
the veins and arteries. However, spinal MRA can be 
used to demonstrate the anterior spinal artery and 
artery of Adamkiewicz and in screening for AVF 
and AVM (Backes et al 2004). Spinal CSF fl ow can 
also be demonstrated and measured reliably using 
MRI. The pulsatile motion of the cerebrospinal fl uid 
(CSF) is characterized by a cranio-caudad fl ow dur-
ing arterial systole, followed by a caudo-craniad fl ow 
during diastole and shows a biphasic pattern corre-
sponding to the cardiac cycle. The CSF fl ow poste-
rior to the spinal cord is slightly earlier than the fl ow 
anterior to the cord (Bhadelia et al. 1995, Henry-
Feugeas et al 1993). Although CSF fl ow velocities 
are variable depending on the size of the dural sac 
and spinal canal, generally maximum systolic ve-
locity is not more than 10 cm/s at the cervical level 

and even lower at the distal levels (Bhadelia et al. 
1995, Henry-Feugeas et al 1993). It is also possible 
to differentiate syringomyelic circulating cysts from 
non-circulating cysts (Brugiéres et al 2004). Flow 
imaging is also helpful for the accurate diagnosis 
of transdural spinal cord herniation. Application of 
DWI in the spine and spinal cord has been limited 
and more research is required. The small size of 
the spinal cord, the surrounding CSF, their motions 
and also swallowing and breathing artifacts make 
spinal DWI diffi cult. Slight contamination due to 
partial volume effects of the surrounding CSF may 
confound quantitative measurements at the edge 
of the cord (Thurnher and Bammer 2004). Al-
though there are several recently introduced DWI 
techniques for the spine and spinal cord, each with 
their advantages and disadvantages, there is still 
no consensus for the optimal diffusion weighted 
sequence. Animal studies have demonstrated that 
DWI is more sensitive for spinal cord injury, my-
elopathy and treatment monitoring. Although, it is 
not possible to distinguish between gray and white 
matter, diffusion maps showed lower diffusivity in 
the center of the cord while higher diffusivity was 
demonstrated in the lateral and posterior regions 
(Thurnher and Bammer 2004). Water diffusivity 
in the direction parallel to the fi bers was found to 
be 2.5 times higher than the average diffusivity per-
pendicular to the fi bers (Ries et al. 2000). Diffusion 
tensor imaging promises the characterization of the 
structural integrity of the spinal cord fi bers (Ries et 
al. 2000). ADC values mainly depend on the size of 
the extracellular space, and correlate with quantita-
tive measurements of axonal density. ADC values 
were found to be increased with the expansion of 
the extracellular space (Mottershed et al. 2003). 
Line-scan diffusion imaging was found to be a fea-
sible technique for pediatric patients (Robertson 
et al. 2000). Spinal cord fMRI might have relevance 
for preoperative evaluation of tumors and to evalu-
ate pain processing, although currently there are 
no clinical indications (Stracke et al. 2004). There 
are still major problems and limitations for spinal 
fMRI. The area of interest with expected neuronal 
activity is very small and very high spatial resolu-
tion and signal to noise ratio (SNR) are required. 
The imaging technique should be less susceptible for 
surrounding bony and ligamentous structures, and 
should include cardiac, respiratory and fl ow gating 
due to its motion of respiration, cardiac motion and 
surrounding CSF fl ow. The most important tech-
nique is echo planar imaging (EPI) gradient echo 
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imaging. Most of the research has been performed in 
the cervical and upper thoracic spine. The feasibility 
of fMRI of the spinal cord has been demonstrated, 
even though the time course of the hemodynamic 
response function is not yet known. fMRI of the 
spinal cord was performed initially with a motor 
task and also somatosensory stimulation (Stroman 
et al. 2002; Backes et al. 2001).

2.2 
Development and Normal Radiological 
Appearance of the Pediatric Spine

The spinal column develops in three stages: mem-
brane development, chondrifi cation, and ossifi ca-
tion (Kirks and Griscom 1998). The dorsal neural 
tube forms at the 25th gestational day. Lateral to the 
closing neural tube the mesenchyma forms somites 
which are precursors of the vertebrae. At 6–8 weeks 
of gestation, chondrifi cation of vertebral bodies oc-
curs, later at 9 weeks of gestation, ossifi cation be-
gins. The fi rst ossifi cation of the vertebral bodies 
occurs in the lower thoracic and upper lumbar spine 
and the fi rst ossifi ed neural arches occur in the cer-
vical region. Between the vertebral bodies there are 
remnants of the notochord, which become part of 
the nucleus pulposus. 

The cervical (C) and lumbar (L) lordosis and 
thoracic (T) kyphosis of the spinal column are less 
pronounced in neonates. As the child grows and 
after upright posture and walking are established, 
the normal curvatures of the spine becomes more 
prominent (Kirks and Griscom 1998; Swischuk 
1997). When the neck is in neutral position, absence 
of lordosis can be seen in children up to 16 years of 
age (Lustrin et al. 2003). 

2.2.1 

Normal Radiological Appearances of the 

Cervical Vertebrae in Children 

The atlas (C1) has three ossifi cation centers: one 
anterior arch and two posterior neural arches. The 
anterior arch can be seen as an ossifi cation center by 
the fi rst year of life. It fuses with the neural arches by 
the seventh year of age. Fusion of the neural arches 
of C1 and C2 posteriorly occurs by the 3 years of age 
(Lustrin et al. 2003). 

The axis (C2) has the most complex development 
of all vertebrae. It has four ossifi cation centers at 
birth: two for the neural arches, one for the body, 
and one for the odontoid process. The os terminale, 
a secondary ossifi cation center, appears at the tip of 
the odontoid process between 3–6 years of age and 
fuses by the age of 12 years. The body of C2 also fuses 
with the odontoid process by 3–6 years of age. This 
fusion line (the remnant of the cartilaginous syn-
chondrosis) can be seen until the age of 11 ( Lustrin 
et al. 2003). 

C3 through C7 show a similar developmental pat-
tern. Three ossifi cation centers are present at each 
level: one for the vertebral body and two for the neu-
ral arches. The body fuses with the neural arches by 
age of 3–6 years and the neural arches fuse posteri-
orly by age of 2–3 years. Epiphyseal plates are seen 
as sclerotic lines at the superior and inferior aspects 
of the vertebral bodies, especially visible at the an-
terior corners on lateral plain fi lm (Fig. 2.1a). They 
fuse with the vertebral bodies during early adult-
hood. Secondary ossifi cation centers are also visible 
at the tips of the spinous and transverse processes 
and articulating facets just before puberty and may 
persist until the third decade (Lustrin et al. 2003). 
Uncinate processes, paired little projecting struc-
tures extending from superolateral aspect of the 
vertebral body, are present only in the cervical ver-
tebrae. They articulate with the inferolateral aspect 
of the suprajacent cervical vertebra and form a joint 
that is often referred to as “uncovertebral joint” or 
“joint of Luschka” (Fig. 2.1b) (Jinkins 2000). 

For a proper and correct evaluation of MRI of the 
pediatric spine, normal spinal development stages 
must also be known. The spinal development can be 
divided into three stages. Birth to 1 month is stage 
I, 1 month to 6 months is stage II, and 6 months to 
5 years is stage III (Foster et al. 2004). At birth, the 
ossifi ed portion of the vertebral body is oval and 
its cartilaginous endplates are relatively large. The 
vertebral bone marrow and nucleus pulposus are 
hypointense while the cartilaginous endplates are 
hyperintense on T1-WI (Fig. 2.2). In stage II, the 
size and signal intensity of the ossifi ed portion of 
the vertebral body increases and the signal inten-
sity of the cartilaginous structures decreases. This 
decrease in signal gradually spreads to the entire 
vertebral body by the second year of life (Fig. 2.3). 
Vertebral bodies have a high signal horizontal 
band that corresponds to the basivertebral plexus 
(Fig. 2.4). By stage III, the vertebral bodies have a 
rectangular shape and the signal intensity of the 
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Fig. 2.3a,b. Sagittal T1-WI (a) and T2-WI (b) of the lumbar spine 
show increased signal of the vertebral bodies in this 1-year-old 
infant. The cartilaginous structures show decreased signal when 
compared to images of the newborn baby

a b

Fig. 2.2a,b. Sagittal T1-WI (a) shows large and hyperin-
tense cartilaginous endplates (arrows) of the vertebral 
body while vertebral bone marrow and nucleus pulposus 
are hypointense in the newborn. Between the hyperin-
tense cartilaginous endplates, hypointense vertebral 
body is also seen. T2-WI (a) demonstrates hyperintense 
intervertebral discs and hypointense cartilaginous end-
plates. Signals of vertebral bodies are more hypointense 
than endplates

a b

Fig. 2.1a,b. Lateral (a), and AP (b) radiographs 
demonstrate the epiphyseal plate as a sclerotic 
line at the inferior aspect of the C4 (arrow, a) in 
a 15-year-old boy. Note also the uncovertebral 
joints (joint of Luschka) (arrow, b)

a b
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Fig. 2.4. Axial T2-WI demonstrates neural foramina with 
spinal nerves and basivertebral vein in a thoracic vertebral 
body

Fig. 2.5a–d. Sagittal T1-WI (a) and T2-WI (b) of a 2-year-old-boy, as well as T1-WI (c) and T2-WI (d) of 3-year-old boy 
demonstrate signal intensity changes of the vertebral bodies which exceed intervertebral disc signals during stage III 
(6 months–5 years old)

a b c d

bodies exceeds that of the intervertebral discs. At 
5 years of age, the signal intensity of the vertebral 
bodies is greater than that of the discs on T1-WI 
in more than 90% of the population (Figs. 2.5, 2.6) 
(Foster et al. 2004). Vertebral body bone marrow 
has a relatively low signal, while the basivertebral 
plexus has a high signal on T2-WI. The interver-
tebral discs are narrower when compared to the 
adults. The posterior elements are cartilaginous 

initially and have high signal on T2-WI compared 
to muscle. They begin to ossify by the fi rst year of 
life and contain red marrow and become relatively 
hypointense on T2-WI (Foster et al. 2004).

Physiologic as well as pathologic marrow signal 
changes are readily detectable on MRI. Sagittal im-
ages are the most useful images for depicting bone 
marrow changes of the vertebral bodies. The signal 
of the marrow depends on the relative amounts of 
fat and water within the marrow and the selected 
sequence. T1-WI show anatomy and signal changes 
between fatty (yellow) and hematopoietic (red) mar-
row well. Children have more red marrow which has 
more cellular material, protein and water, and thus 
has longer T1 relaxation times than yellow marrow. 
On T1-WI, red marrow has similar or slightly higher 
signal intensity than muscle. Vertebral red marrow 
changes to yellow marrow when the child grows up 
(Lustrin et al. 2003). After the fi rst decade, the sig-
nal intensity of the vertebral body marrow is higher 
on T1-WI than that of the intervertebral disc signal 
(Figs. 2.5, 2.6). Yellow marrow replaces the red mar-
row in a diffuse or focal spotted pattern over years 
(Foster et al. 2004). 

2.2.1.1 

Atlantodental Distance

The atlantodental distance is defi ned as the distance 
between the anterior aspect of the dens and the pos-
terior aspect of the anterior arch of the atlas. In 
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Fig. 2.6a-d. Sagittal T1-WI (a) and T2-WI (b) of 10-year-old girl and T1-WI (c) and T2-WI (d) of an 11-year-old boy illustrate 
that the signal intensity of vertebral body bone marrow is higher than the disc signal on T1-WI

a b c d

neutral position, generally 2–3 mm distance is seen 
on lateral radiographs. A normal increase in the 
distance up to 2 mm (atlantodental distance should 
be less than 5 mm in total) is expected on fl exion ra-
diographs of the neck, but, if no increase is observed 
in the atlantodental distance, it is also considered 
normal (Swischuk 2002).

2.2.1.2 

Interspinous Distance

Lack of lordosis in the neutral position of the neck 
may be a normal fi nding in children. Increase in dis-
tance between the tips of the spinous processes of C1 
and C2 with fl exion of the neck in children is a nor-
mal fi nding. If a ligamentous injury is present, the 
interspinous distance is more than 1.5 times greater 
than the upper and lower normal interspinous dis-
tances (Lustrin et al. 2003).

2.2.1.3 

Prevertebral Soft Tissue Thickness

A prevertebral soft tissue thickness up to 6 mm at 
the level of C3 is normal in children. Widening of the 
prevertebral soft tissues can be a normal fi nding due 
to expiration. A lateral radiograph in inspiration 
and in mild extension should be obtained to evalu-
ate the soft tissue thickness accurately (Lustrin et 
al. 2003).

2.2.2 

Normal Variations of the Cervical Vertebrae in 

Children

Normal anatomic variations must also be known 
in order to prevent diagnostic pitfalls. Common 
normal fi ndings of cervical vertebrae are given in 
Table 2.1.

2.2.2.1 

Clefts of C1

Clefts in the anterior and posterior ring of C1 are 
normal fi ndings and can be seen on CT (Fig. 2.7). 
They have smoothly corticated edges (Swischuk 
1997, 2002).

2.2.2.2 

Cervical Pseudosubluxation

A normal physiologic displacement can be seen be-
tween C2–3 and C3–4 on lateral radiographs of chil-
dren. Pseudosubluxation of the cervical spine can 
also be seen at C4–5 (Swischuk 1997, 2002).

2.2.2.3 

C3 and C4 Wedging

Anterior wedging of the vertebral bodies, especially 
at C3 and at times at C4, is also a normal fi nd-
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Table 2.1. Common normal fi ndings of cervical vertebrae

� Ossiculum terminale

� Bifi d odontoid

� Cleft in posterior neural arches

� Ponticulus posticus (a small bridge of bone resulting 
from complete ossifi cation of the atlanto-occipital mem-
brane reaching the posterior notch of C1)

� Pseudosubluxation 

� Wedging of vertebral bodies

� Pseudo widening of interpeduncular distance

� Spina bifi da occulta

Fig. 2.7. Axial CT image demonstrates clefts in the anterior 
and posterior arches of C1

ing, commonly seen in infants and young children. 
When the child grows up, this wedging resolves 
(Swischuk 1997).

2.2.3 

Normal Radiological Appearances of the 

Thoracic and Lumbar Vertebrae in Children 

In the thoracic and lumbar region, there are four 
chondrifi cation centers, two for the vertebral body, 
and two for the posterior elements, separated by a 
dorsoventral sheath of notochord in the midline. 
The chondrifi cation centers of the vertebral body 
and neural arches fuse in the midline anteriorly and 
posteriorly in that order. On lateral radiographs of 
neonates the vertebral bodies are rectangular in 
shape in the thoracic region and ovoid shape in the 
lumbar region. Synchondroses between the verte-
bral body and the posterior neural arches are easily 
seen in newborns (Fig. 2.8). Synchondroses between 
the vertebral bodies and the posterior arches begin 
to disappear fi rst in the cervical region, reaching 
the lumbar region at 6 years of life. In contrast, the 
posterior arches of the lumbar vertebrae begin to 
fuse in the fi rst year of life and this progresses cra-
nially. The cervical laminae fuse lastly in the third 
year of life. Anterior and posterior vascular chan-
nels are also prominent in infants (Fig. 2.9). Lateral 
anterior vascular channels usually disappear. The 

Fig. 2.8a,b. Conventional radiograph (a) and CT image (b) demonstrate syn-
chondroses between the vertebral body and the posterior neural arches (ar-
rows)a

b
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posterior vascular channels may still be visible in 
adulthood. Vertebral ring apophyses appear at ap-
proximately 6 years of age in the middle and lower 
thoracic and upper lumbar areas (Fig. 2.10). They 
fuse with vertebral bodies by the age of 18 (Kirks and 
Griscom 1998). The normal radiographic appear-
ance of the vertebral column at different ages are 
shown in Figures 2.11 and 2.12.

There are three primary ossifi cation centers of the 
sacrum: one for the body and two for the posterior 
neural arches. The sacrum is formed by fi ve partially 
or completely fused segments. Fused transverse 
processes of the sacrum articulate laterally with the 
iliac bones and form the sacroiliac joints. There are 
four ventral and four dorsal sacral neural foramina. 
These foramina transmit the ventral and dorsal di-
visions of the upper sacral spinal nerves (S1–S4). 
The number of segments of the coccyx varies from 
three to fi ve. These are fused or partially fused rudi-
mentary vertebral segments (Jinkins 2000).

2.2.4 

Normal Variations of the Thoracic and Lumbar 

Vertebrae in Children

Common normal variations of thoracic and lum-
bosacral vertebrae are given in Table 2.2.

Fig. 2.9. Grooves of the anterior vascu-
lar canals of the vertebral bodies are 
seen (arrows)

Fig. 2.10. Lateral radiograph shows that 
the vertebral ring apophyses are visible 
in the anterior superior and anterior in-
ferior corners of the vertebral bodies

Fig. 2.11. AP radiograph of a newborn demonstrates “bone-within-bone” appearance

Table 2.2. Common normal fi ndings of thoracic and lum-
bosacral vertebrae

� Neurocentral synchondroses

� Cleft in posterior neural arches

� Wedging of vertebral bodies

� Spina bifi da occulta

� Vascular grooves

� Ring apophyses

� Pediculate thinning

� “Bone-within-bone”
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Fig. 2.12a–j. AP and lateral radiographs in children of different ages ranging between 8 months and 15 years [8 months (a,b), 
1 year old (c,d), 2 years old (e,f), 6 years old (g,h), 15 years old (i,j)] demonstrate the changes in the shape of the vertebral 
bodies and posterior elements by age

a b c d e

f g h i j
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2.2.4.1 

Bone-Within-Bone

A “bone-within-bone” appearance of the thoracic 
and lumbar vertebral bodies is frequently seen 
on radiographs of normal neonates (Kirks and 
Griscom 1998) (Fig. 2.11). 

2.2.4.2 

Spina Bifi da Occulta

The posterior neural arches are separated by a car-
tilaginous cleft and are seen as a narrow vertical 
lucent line on AP radiographs in infants. This cleft 
disappears through ossifi cation by 3–5 years of age. 
A persisting cleft is most frequently seen at S1. Other 
persisting clefts may be present at L5, C1, C7 and T1 
in decreasing order. When isolated, these clefts are 
benign conditions and called spina bifi da occulta 
(Kirks and Griscom 1998).

At the cervicothoracic, thoracolumbar and lum-
bosacral levels some variations may be visible such 
as extra (cervical) ribs, hypoplastic or absent (12th) 
ribs and lumbalization of the fi rst sacral vertebra 
due to cranial shift of vertebral processes or as fi rst 

lumbar ribs and sacralization of the fi fth lumbar 
vertebra due to caudal shift of vertebral processes. 
These shifts occur in approximately 30% of people 
in different segments and different arrangements 
(Kuhn et al. 1993).

2.2.5 

Other Structures of the Spine 

2.2.5.1 

Neural Foramina

The intervertebral neural foramina are the lateral 
pathways for the nerves. The boundaries of the neu-
ral foramina are: anteriorly, the posterior surface 
of the suprajacent and subjacent vertebrae and be-
tween them intervertebral disc, superiorly, the in-
ferior aspect of the suprajacent vertebral pedicle, 
posteriorly, the anterior surface of the superior ar-
ticular process, inferiorly, superior surface of the 
subjacent vertebral pedicle (Fig. 2.13a). The spinal 
neural foramina contain the spinal nerve/sheath 
complexes, meningeal nerves, blood vessels and fat 
(Figs. 2.4, 2.13).

Fig. 2.13a,b. Lateral radiograph (a) demonstrates neural fo-
ramina (arrow) and facet joints (arrowhead). On a sagittal 
T2-WI (b) the neural foramina can be observed in greater 
detaila

b
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2.2.5.2 

Facet Joints

The paired superior and inferior articular processes 
of the vertebrae form a pair of articulations between 
vertebral segments called facet (zygapophyseal) 
joints (Fig. 2.13). Facet joints vary in shape, size and 
spatial orientation according to the vertebral level.

2.2.5.3 

Spinal Ligaments

The posterior longitudinal ligament (PLL) extends 
from the posterior surfaces of the bodies of C1–C2 
to the posterior surface of the clivus and is called 
the tectorial membrane. The anterior longitudinal 
ligament (ALL) extends from the anterior surface of 
the body of C2 and anterior arch of C1 to the anterior 
surface of the clivus (Fig. 2.14). The anterior atlan-
tooccipital membrane, the apical odontoid ligament, 
and the cruciate ligament can be found between the 
ALL and PLL (Jinkins 2000). The ALL and PLL cover 
the entire anterior and the posterior surfaces of the 
spinal column. 

The alar ligaments are present between the 
odontoid tip and the occipital condyles bilaterally. 
The transverse atlantal ligament passes between 
the synovial joint (posterior to the odontoid proc-
ess) and the tectorial membrane and extends hori-

zontally between the lateral masses of C1 (Jinkins 
2000). Ligamenta fl ava (yellow ligaments) are paired 
ligaments and originate and insert into the lamina 
of two adjacent vertebral bodies and are seen well 
on axial images of CT or MR. The interspinous liga-
ments connect the spinous processes. They are more 
prominent in the lumbar region and thinner in the 
thoracic region. The supraspinous ligament inter-
connects the tips of the spinous processes of C1–L5. 
It extends from C1 to the external protuberance of 
the occipital bone as the ligamentum nuchae.

2.2.5.4 

Discs

Intervertebral discs are present between C2–C3 up 
to the sacrum. Intervertebral discs have a central 
nucleus pulposus and an outer annulus fi brosus. 
The nucleus pulposus is large at birth and has mu-
coid material. Over time the mucoid material is re-
placed with fi brocartilage. The intervertebral discs 
are thickest in the lumbar spine and the thinnest 
in the upper thoracic spine (Jinkins 2000). The in-
tervertebral disc spaces are seen on AP and lateral 
radiographs. Discs are demonstrated best on T2-WI, 
especially on sagittal images.

2.2.5.5 

Arterial Supply and Venous Drainage of Spinal and 

Spinal Cord 

Segmental spinal arteries supplying the vertebrae 
(e.g., intercostals, lumbar, sacral paraspinal arteries) 
originate from the aorta. A series of radiculomedul-
lary arteries supply the spinal cord. Radiculomed-
ullary arteries may originate from segmental spinal 
arteries, vertebral arteries, ascending cervical artery, 
deep cervical artery, intercostals arteries, lumbar and 
sacral paraspinal arteries, and iliac arteries. The ante-
rior cervical and thoracic radiculomedullary arteries 
form the anterior spinal artery of the cord. The poste-
rior cervical and thoracic radiculomedullary arteries 
form the posterior spinal artery of the cord. 

The basivertebral vein drains the vertebral body 
and is located at its center (Fig. 2.4). There is a ve-
nous plexus around the vertebral body and poste-
rior elements. Spinal segmental veins drain to the 
vena cava. An epidural venous plexus draining the 
spinal cord is located between the dura of the thecal 
sac and the periosteum of the vertebrae surround-
ing the spinal cord. Longitudinal anteromedian 
and posteromedian veins and a pair of anterior and 

Fig. 2.14. Sagittal T2-WI demonstrates the tectorial mem-
brane (extension of the posterior longitudinal ligament) (ar-
row) and anterior longitudinal ligament (arrowhead)
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posterior radiculomedullary veins connects to the 
epidural venous plexus. Also, longitudinal antero-
lateral and posterolateral veins connect to the epi-
dural venous plexus (Jinkins 2000).

2.2.5.6 

Spinal Meninges

The meninges of the spine are continuous with cra-
nial meninges and consist of pachymeninges (dura 
mater) and leptomeninges (arachnoid mater and pia 
mater). Vessels and nerves exiting and entering the 
thecal sac have a thin covering layer of leptomenin-
geal cells throughout their course in the subarach-
noid space (Jinkins 2000).

2.2.5.7 

Spinal Cord 

The spinal cord ends at the level of L2 in newborns, 
and at the level of L1 in adults. The spinal cord is 
wider in the cervical region and gradually gets nar-
rower through the thoracic region; later, a little wid-
ening is seen at the lumbar region. These changes in 
caliber of the cord are in harmony with the changes 
of the diameter of the spinal canal.

The spinal cord is clearly visualized with ultra-
sonography in neonates through the acoustic window 
of the incompletely ossifi ed posterior spinal arches. 
The visibility of the cord decreases with age. The 
normal spinal cord is seen as a hypoechoic tubular 
structure that has hyperechoic outer contours that 
are formed by dura mater and a hyperechoic central 
part (central spinal canal or commissural tracts) on a 
longitudinal image on a sagittal view (Fig. 2.15). The 
anechoic space around the cord is the subarachnoid 
space. At its end the cord forms the conus medulla-
ris that is continuous with the fi lum terminale which 
is seen as an echogenic linear structure surrounded 
by nerve roots. Vascular pulsations and movements 
of the cord by respiration and crying of the baby are 
seen in real time on US (Siegel 1996).

The brain stem–cervical spinal cord junction and 
cervical spinal cord are readily demonstrated on 
sagittal MRI. Sagittal MRI also shows the slightly 
bulbous but tapering conus medullaris at the L2 re-
gion and also distal to the cord the fi lum terminale 
and nerve roots called cauda equina. The thecal sac 
ends at S1 or S2, but sometimes lower down to S5. 
Sometimes the most distal portion of the central 
canal is dilated and oval shaped. This is called a 
“ventriculus terminalis” and is a normal variation 

(Swischuk 1997; Lustrin et al. 2003). The cervical 
spinal canal and cord is wider than the thoracic spi-
nal canal and cord. Especially in the thoracic region, 
turbulent CSF fl ow dorsal to the cord forms hetero-
geneous signal areas, but laminar fl ow of the CSF 
ventral to the cord creates homogenous signal void 
areas in the subarachnoid space.

2.3 
Degenerative Disc Disease in Childhood: 
Scheuermann’s Disease, Schmorl’s Nodes, 
and Limbus Vertebrae

Degenerative disc disease in older children and ado-
lescents is more common than generally thought 
(Swischuk et al. 1998). There is a tendency to con-
sider that Scheuermann’s disease, Schmorl’s nodes 
and limbus vertebrae are different manifestations 
of degenerative disc disease (Begg 1954; Heithoff 
et al. 1994). Disc degeneration is not completely un-
derstood and not all degenerative discs are sympto-
matic (Wood et al. 1995). Dehydration of discs oc-
curs with increasing age so degenerative disc disease 
is a well known disease of adulthood, but why some 
children are affected is not known yet. It is probable 
that repeated, subclinical traumas and individual 
susceptibility play a role in the development of the 
disease process. With time, tears occur in the an-
nulus fi brosus and fi ssures form in the vertebral 

Fig. 2.15. Longitudinal sonographic image of the distal cord. 
The spinal cord is seen as a hypoechoic tubular structure. 
The dura forms the outer hyperechoic contours (arrow). 
Hyperechoic central line represents central spinal canal 
(arrowhead)
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endplates. Under continuous high pressure, nuclear 
material can extrude through the vertebral end-
plates and later into the vertebral bodies, a process 
which results in the formation of Schmorl’s nodes 
and limbus vertebrae. When small, numerous extru-
sions occur through the endplates Scheuermann’s 
disease ensues (Begg 1954). These conditions can 
overlap and can be seen together in any patient. 
Schmorl’s nodes can occur in different locations as 
central, anterior, posterior or lateral. On plain fi lms, 
a notch at the vertebral endplate through the body is 
seen. The notch itself and high signal disc material 
within are visible on sagittal T2-WI (Fig. 2.16). Loss 
of disc space height, disc dehydration and hernia-
tion of disc material into the vertebral end plates 
are common fi ndings in these disorders. So it seems 
reasonable to group these diseases together as de-
generative disc disease (Swischuk et al. 1998).

The nuclear material can undermine the ring 
epiphysis anteriorly, posteriorly or laterally and 
separate it from the vertebral body so limbus ver-
tebra occurs (Swischuk et al. 1998). On plain fi lms, 
a triangular shaped bony fragment separated from 
the vertebral body is seen at the anterior or lateral 
corner of the body. High signal disc material sepa-
rating the bony fragment from the body can be dem-
onstrated easily with T2-WI. 

Scheuermann’s disease frequently occurs in the 
thoracic spine region but lumbar and even sacral re-
gions can also be affected (Swischuk et al. 1998). 
Multiple disc spaces are narrowed and endplates 
have irregular shapes due to extrusions of the disc 
materials in Scheuermann’s disease and these fi nd-
ings can be demonstrated with plain fi lms and par-
ticularly on MRI clearly (Fig. 2.16). In most of the 
cases multiple levels are affected and the changes 
are extensive. 

2.4 
Spinal Infections

Spinal infection is a signifi cant cause of morbidity 
and mortality. Infl ammation of the spine can oc-
cur in pyogenic, granulomatous, autoimmune, idi-
opathic and iatrogenic conditions. Spinal infections 
can be thought of as a spectrum of diseases compris-
ing spondylitis, discitis, spondylodiscitis, pyogenic 
facet arthropathy, epidural infection, meningitis, 
polyradiculopathy and myelitis. Despite the avail-
ability of advanced imaging techniques, the diag-
nosis of spinal infection remains challenging. The 

Fig. 2.16a–c. Sagittal T2-WI (a–c) demonstrate narrowed disc spaces and irregular endplates with Schmorl nodes in a 15-
year-old girl with Scheuermann’s disease. Decreased signal intensities of the discs are also evident

a b c
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differential diagnosis with degenerative disease, 
non-infectious infl ammatory lesions and spinal ne-
oplasms is diffi cult, and the clinical features can be 
subtle and misleading. Delays in diagnosis can lead 
to increased morbidity and mortality (Bouchez et 
al. 1985; Danner and Hartmann 1987; Feldenzer 
et al. 1987). Appropriate and prompt diagnosis can 
be achieved through a combination of imaging and 
microbiological examination. Spinal infections can 
be categorized into three groups according to the 
involved compartment:
1. Extradural infections (osseous spine, epidural 

space, facet joints, and paraspinal soft tissues)
2. Intradural extramedullary infections
3. Intramedullary infections

The symptoms, radiological fi ndings and treat-
ment approaches may change depending on the in-
volved compartment.

2.4.1 

Extradural Infections 

2.4.1.1 

Osseous Spine (Spondylitis)

2.4.1.1.1 

Pyogenic Spondylitis

The axial skeleton is a frequent site of infections and 
accounts for approximately 2%–7% of all cases of 
osteomyelitis (Tyrell et al. 1999; Dagirmanjian et 
al. 1999; Stabler and Reiser 2001). The lumbar spine 
is the most common site for pyogenic spondylitis, 
followed by the cervical spine. Involvement of pedi-
cles, laminae and spinous process is much less com-
mon (3%–12%) and when it does occur, one should 
think of tuberculosis (TB) (Babinchak et al. 1997; 
Smith and Blaser 1991). Most cases of discitis and/
or spondylitis are treated empirically according to the 
imaging fi ndings. Therefore, it is diffi cult to compile 
correct statistical data regarding the etiologic mi-
crobial agents. However, Staphylococcus aureus ac-
counts for approximately 60% of infections, followed 
by Diplococcus, Streptococcus and Enterobacter. The 
incidence of discitis and spondylitis caused by Salmo-
nella is increased in patients with sickle cell disease. 

In children, persisting vascular channels may 
allow direct inoculation of the intervertebral disc. 
Following bacteremia, the infection begins within 
the disc and extends to the adjacent endplate. In 

adults, micro-organisms arrive in the vertebrae via 
end-arteriolar arcades of metaphyseal equivalent 
areas which are subchondral plates adjacent to the 
disc, particularly in the anterior part of the verte-
bral body (Ross 1996). Through the disrupted cor-
tical bone, the infection extends to subligamentous 
paravertebral, epidural spaces, to adjacent disc and 
to the contiguous vertebrae. An untreated infection 
may lead to signifi cant deformity of the spine and to 
severe neurological defi cits, particularly paraplegia 
and tetraplegia. Mortality ranges between 18%–31 
% (Smith and Blaser 1991). 

Plain radiographs are usually the initial imaging 
study, but their sensitivity and specifi city is very low. 
Plain X-ray fi lms usually fail to show early signs of 
infection and a negative result does not exclude the 
presence of the infection. The earliest radiographic 
signs depend on the initial location of the infection. 
Loss of defi nition and irregularity of the vertebral 
endplate, usually commencing anterosuperiorly, 
may be observed after 2–8 weeks if the infection is 
initially located in the vertebrae.  An increase in disc 
space height may be demonstrated if the disc is the 
initial location. This is later followed by a decrease of 
disc height in both types of infection. Gradual devel-
opment of osteolysis results in poorly defi ned end-
plates. Cortical erosions of the vertebral endplates 
on both sides of the narrowed disc and an associated 
paraspinal mass are the radiographic hallmarks of 
pyogenic infection. In a later stage, reactive changes 
with sclerosis, new bone formation with osteophy-
tosis, kyphotic deformity and bony ankylosis may 
also be seen. Digital radiographs must be viewed 
with window settings for both bone and soft tissue 
for better evaluation.

The sensitivity of CT is higher, but it lacks specifi -
city. Therefore, CT plays a minor role in the diagnosis 
of early spondylitis and disc space infection. CT pro-
vides fi ne bone detail, shows the amount of calcifi ed 
bone tissue and also demonstrates the degree of spinal 
canal involvement in terms of lytic fragmentation and 
cortical erosion, disc hypodensity and gas within the 
disc, paraspinal soft tissue infi ltration with oblitera-
tion of fat planes, and sclerosis. Epidural involvement 
may be missed due to beam hardening artifacts espe-
cially in the cervicothoracic region. Sagittal reformat-
ted and 3D images demonstrate reduced disc height. 
Spiral CT with thin-slice collimation and multiplanar 
reconstructions is needed. New multi-detector row 
scanners provide a signifi cant diagnostic advantage 
(Stabler and Reiser 2001). Percutaneous vertebral 
biopsy is usually performed under CT guidance. 
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MRI is the method of choice for diagnosing spond-
ylitis. The increase in extracellular water content in 
the production of exudates containing WBC and 
fi brin within vertebral marrow (a manifestation 
of infl ammatory reaction and associated ischemic 
changes) and reactive bone marrow stimulation are 
responsible for the abnormal signal which is a non-
specifi c sign for the infection (Figs. 2.17–2.19). De-
creased signal intensity on T1-WI probably results 
from a replacement of fat cells by non-neoplastic 
stimulated proliferating bone marrow cells produc-
ing WBC (Figs. 2.17–2.19) (Stabler and Reiser 2001). 
Spin echo sequences should be preferred over gradi-
ent echo sequences for T1-WI. In younger patients, on 
T1-WI, bone marrow edema may be masked by red 
marrow. High signal intensity of the affected areas of 
the vertebral body and disc is typically observed on 
T2-WI (Figs. 2.17–19). FSE images are not optimal for 
the evaluation of infectious diseases due to the bright 
signal of marrow and can mask the bone edema if fat 
saturation is not used. STIR technique has slightly 
higher sensitivity for detecting areas of involvement 
than T2-WI, but, STIR sequences do not depict fi ne 
anatomic detail. These sequences can help in showing 
vertebral and disc disease; epidural extension may 
not be adequately assessed, since the abnormal sig-
nal obtained may be isointense with the high signal 
of CSF. PDWI may be helpful, presumably because of 
the higher protein content of the infl ammatory exu-
dates. Bone marrow edema can also be evaluated by 
using opposed-phase gradient recall echo (Fig. 2.17). 
Normal marrow exhibits low signal intensity with 
signal subtraction of the water- and fat-bound pro-
ton components, whereas edema exhibits high signal 
intensity. Spinal diffusion weighted imaging has also 
been initiated and has proven to be helpful in the dif-
ferentiation of long-standing infections (Fig. 2.17) 
(Calli et al. 2001). 

The use of intravenously administered contrast 
material is mandatory. Enhancement is the earliest 
sign of infection; it is pathognomonic in the acute 
infl ammatory episode and, even in subacute and 
chronic infection, contrast enhancement may per-
sists to a varying degree for several weeks or months 
(Figs. 2.17–19). Contrast material also helps to dif-
ferentiate the disc, the vertebral body and the phleg-
mon. It enhances inhomogeneously, and appears as 
a peripherally enhancing mass with a hypointense 
liquefactive center. This differentiation is important 
for treatment planning, surgery being indicated for 
an abscess, whereas there is a more conservative ap-
proach for phlegmon (Figs. 2.17, 2.18). When contrast 

enhancement no longer occurs, active infl ammation 
can be excluded. Fat suppressed T1-WI can be help-
ful to improve contrast between tissues. Measuring 
the percentage of enhancement has been shown to 
be a reliable method to quantify diffuse bone mar-
row changes (Stabler and Reiser 2001). 

MRI fi ndings of spondylitis and discitis from 
acute to advanced stages include (Figs. 2.17–2.19):
1. The earliest sign of an infectious process is the 

altered signal intensity of the disc or bone marrow 
on both T1- and T2-WI. Typically, the disc shows 
a low signal intensity on T1-WI, and an increased 
signal on T2-WI. As the disease progresses, the 
intervertebral disc frequently cannot be distin-
guished from the infected vertebrae without con-
trast, and the disc height is invariably reduced.

2. Contrast enhancement of the infected area.
3. Blurring and loss of defi nition of the vertebral 

endplate(s). 
4. Irregularity and destruction of the endplates with 

interruption of the normal signal void of cortical 
endplate.

5. Soft tissue involvement (epidural space and/or 
paraspinal soft tissues) with inhomogeneous signal 
change and inhomogeneous contrast enhance-
ment. 

6. Cervical instability may occur due to the lysis of 
transverse ligament during pyogenic osteomyeli-
tis of C1–C2 vertebrae. 

7. Cervical spondylitis can progress anteriorly and 
may cause the formation of an obstructing ret-
ropharyngeal abscess anteriorly and mediastinitis 
inferiorly.

8. Thoracic spondylitis can also cause mediastinitis, 
empyema and pericarditis, while lumbar spondy-
litis can cause peritonitis and subdiaphragmatic 
abscess. 

9. Intravertebral vacuum clefts are pathognomonic; 
the signal in vertebral body is dramatically reduced 
on T1- and T2-WI because of the presence of gas 
within the dead bone (Rothman 1996). 

10. Reactive bone changes, new bone formation, scle-
rosis, vertebral body height changes, kyphosis 
and ankylosis are also late stage changes of the 
spondylitis. Sclerosis is more common in pyogenic 
spondylitis than in TB (Rothman 1996).

The outcome of the treatment is infl uenced by 
the type of infection and by the degree of neuro-
logic compromise before treatment. There is an 
increasing tendency towards conservative therapy, 
percutaneous drainage of abscess or a combina-
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Fig. 2.17a–g. Sagittal T2-WI (a), precontrast T1-WI (b), postcontrast T1-WI (c), in-phase gradient echo (d), out-of-phase 
gradient echo (e), DWI (f) and ADC map (g) demonstrate L1–L2 aspergillus spondylodiscitis. There is signal intensity 
change of neighboring vertebrae with prominent destruction and loss of endplate cortical continuity at the caudal part of 
the L1 vertebral body. In- and out-of-phase images are helpful to demonstrate the infection. Discitis is also seen with signal 
change, contrast enhancement and disc space height decrease. DWI shows increased signals with increased ADC values 
corresponding to edema secondary to the infl ammation
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tion of both rather than surgical intervention. It is 
therefore critical to monitor treatment response, 
particularly in the immunodefi cient population 
(Gillams et al. 1996).

MRI is also helpful in monitoring the treatment. 
Important milestones to remember are:
1. The earliest sign of improvement is reduction in 

paravertebral soft tissue swelling.
2. This is followed by he appearance of a high signal 

intensity rim at the edge of the lesion (mean 15 
weeks).

3. Higher marrow signal on T1-WI and FSE-T2-WI 
than noninvolved marrow. (The reconstituted 
marrow is predominantly fatty and appears to be 
of higher signal intensity than normal marrow 
and degeneration of hematopoietic marrow is 
probably caused by obliteration of the intramed-
ullary vessels, preventing repopulation with red 
marrow cells) (Stabler and Reiser 2001).

4. Low signal within the marrow on both T1- and 
T2-WI (may be a refl ection of reactive sclerosis 
and fi brosis due to healing).
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5. High marrow signal on STIR, PD- and T2-WI 
decreases.

6. The disc space remains narrowed, but high disc 
signal intensity decreases on STIR and T2-WI.

7. The new bone formation bridging the disc space 
can also be seen.

8. Resolution of canal compromise.
9. Progressive reduction in contrast enhancement. 

Increasing or persisting contrast enhancement 
with clinical improvement and increasing destruc-
tion does not necessarily indicate treatment fail-
ure (Stabler and Reiser 2001).

Several noninfectious conditions can mimic 
the appearance of pyogenic spondylitis. The dif-
ferential diagnosis includes: degenerative endplate 
changes, dialysis arthropathy, Charcot joint, anky-
losing spondylitis, rheumatoid arthritis, pseudoar-
throsis, vertebral lymphoma, multiple myeloma, 
chordoma, metastases, avascular necrosis, hemo-
philia, chronic recurrent multifocal osteomyelitis 
and erosive intervertebral osteochondrosis.

2.4.1.1.2 

Nonpyogenic Infections

A granulomatous reaction is a nonspecifi c response 
of tissues to an antigenic stimulus. Such a reaction 
has been identifi ed in a wide range of diseases in-
cluding bacterial, fungal or viral infections, neoplas-
tic, autoimmune and idiopathic disorders. Bacterial 
granulomatous organisms that have been implicated 
in spinal infections including Mycobacterium and 
Brucella species.

2.4.1.1.3 

Tuberculous Spondylitis

Tuberculosis of the spine accounts for 1% of all TB 
infections and 25%–60% of all bone and joint TB in-
fections (Chotivichit et al. 1999; Sharif et al. 1995). 
Spinal involvement may be the initial manifestation in 
children. The incidence of TB has increased in recent 
years, not least due to the rise in AIDS cases. TB spond-
ylitis may present with atypical fi ndings that mimic 
metastatic disease (Villoria et al. 1995). The lower 
thoracic and lumbar vertebrae are the most commonly 
involved sites, whereas the sacrum and cervical region 
are less frequently implicated. Involvement of more 
than one vertebral segment is usual.

Neither the clinical examination nor the radio-
logical fi ndings may be reliable in differentiating 

atypical forms of spinal TB from other infections, or 
from neoplasm. The age of the lesion and its degree of 
caseation necrosis are possible explanations for the 
different appearances of TB. In many cases, the im-
aging fi ndings are more suggestive of neoplasm than 
of the pyogenic spondylitis, since the disc spaces are 
spared (Fig. 2.18). Multiple vertebral body involve-
ment is the rule and skip lesions occur in up to 4% of 
the cases; intervertebral joints are also common sites 
for TB (Fig. 2.18) (Gillams et al. 1996). The infection 
usually originates at the anterior subchondral bone, 
adjacent to the vertebral endplates (Fig. 2.18). The in-
fection process spreads underneath the longitudinal 
ligaments, most frequently along the anterior longi-
tudinal ligament (Fig. 2.18). Adjacent vertebrae and 
multiple vertebral bodies and discs may be involved 
and skip lesions can be encountered (Fig. 2.18). The 
intervertebral disc remains intact for a longer time 
and is destroyed more slowly in TB spondylitis than 
in pyogenic spondylitis; this may be due to the rela-
tive lack of proteolytic enzymes (Fig. 2.18) ( Gillams 
et al. 1996). When both neighboring vertebral bodies 
are involved, the disc may lose its nutrition and be 
involved secondarily. During the destructive proc-
ess, bony fragments may migrate into the surround-
ing structures, including spinal canal and periverte-
bral soft tissues (Fig. 2.18). Paraspinal involvement 
is frequent with formation of a large abscess that 
may extend to the hip, pelvis and into the lower limb. 
It may contain calcifi cations, and reaches a maxi-
mum size within 2 months with/without marked 
epidural extension, epidural abscess and even cu-
taneous fi stula formation. Anterior vertebral oste-
olysis/wedging, compression fracture and gibbus 
deformity, as well as scoliosis are also common in 
untreated cases (Fig. 2.18). Generally, heterogene-
ous contrast enhancement is observed with a central 
non-enhancing portion and a peripheral enhancing 
rim. The involved ligaments, epidural mass and in-
fl amed meninges may also enhance. Reactive new 
bone formation may simulate an ivory vertebra if it 
is abundant during the healing process. Ankylosis 
may also be seen. Odd locations and involvement of 
pedicles (very often affected), laminae and spinous 
processes with sparing of the vertebral body does 
occur (2%–10%) and all should raise suspicion of TB 
(Chotivichit et al. 1999; Sharif et al. 1995). 

CT examinations show extensive destruction of 
the vertebral endplates with fragmentation, bone 
sequestration, large paravertebral abscess and fre-
quently epidural infection. In contradistinction to 
pyogenic spondylitis, the cortical defi nition of the 
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Fig. 2.18a–g. Sagittal (a), axial T2-WI (b), postcontrast sagittal T1-WI (c) demonstrate C4–C5 TB spondylitis mimicking a 
mass lesion. The C4 and C5 vertebral bodies and intervening discs were involved and destroyed while C3–4 and C5–6 discs 
are spared. Retropharyngeal and anterior epidural extension with marked impingement and posterior displacement of the 
spinal cord is seen. Also evident is a large paraspinal soft tissue abscess extending to the right and anteriorly. The postcon-
trast image shows peripheral contrast enhancement with central necrosis. Sagittal T2-WI (d) and postcontrast T1-WI (e) of 
another patient show TB involvement of multiple thoracic vertebrae with extension underneath the anterior longitudinal 
ligament, and sparing of the intervertebral discs. Due to the vertebral body collapse, a gibbus deformity is seen. Sagittal 
T2-WI (f) and postcontrast T1-WI (g) of a different case show involvement of multiple lumbar segments with skip lesions. 
There is marked destruction of the L4 vertebra. There is formation of an epidural abscess with peripheral contrast enhance-
ment is also seen
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affected vertebrae is invariably lost (Sharif et al. 
1995). Migrating bony fragments into surrounding 
structures including the spinal canal can be demon-
strated clearly with CT. Calcifi cation of paraspinal 
mass with thick irregular rim contrast enhancement 
associated with vertebral osteomyelitis is pathogno-
monic for TB.

Differential diagnosis of TB spondylitis includes 
pyogenic spondylitis, metastasis, lymphoma, eosi-
nophilic granuloma and fungal spondylitis. If there 
is sclerosis of a pedicle, one should also take into ac-
count osteoid osteoma, osteoblastoma and Brodie’s 
abscess (Gillams et al. 1996). 

2.4.1.1.4 

Parasitic Infestations

Echinococcosis, onchocerciasis, toxoplasmosis and 
toxocariasis can also be seen in spine. Hydatid dis-
ease is found in bone in 0.5%–2% of all cases. Involve-
ment of the vertebral column occurs in about one-half 
of the osseous cases (Akhan et al. 1991). Although all 
parts of a vertebra may be affected, there appears to 
be a predilection for the central part and pedicles of 
thoracic vertebrae as a result of portovertebral shunts 
(Iplikcioglu et al. 1991; Robinson 1959; Morhed 
1977). Discs and disc space are usually not involved 
and the dura always remains intact (Sharif 1992). 
Vertebral lesions differ from cerebral lesions with 
their microvesicular confi guration and invasiveness 
(Ozek 1994). Hydatid cysts involving the bone have 
thinner walls due to the reduced fi brotic and infl am-
matory response of the host. The hydatid cysts do not 
show their specifi c spherical shape but permeate and 
slowly destroy cancellous bone, where there is less 
resistance, until the cortex is reached and penetrated 
by the growing parasite (Fig. 2.18).

2.4.1.2 

Facet Joint Infections

If there is no evidence of spondylitis, discitis or an 
epidural abscess, the facet joints should be evaluated 
carefully. CT abnormalities include loss of subchon-
dral bone associated with the facet joint, loss of den-
sity of ligament fl avum and obliteration of fat planes 
(Babinchak et al. 1997). MRI shows swelling of the 
capsule and periarticular soft tissue of the facet joint. 
Pus or joint effusion may be seen. Peripheral contrast 
enhancement is seen on postcontrast images. The dif-
ferential diagnosis includes neoplastic diseases, ero-
sive arthritis, histiocytosis and scleroderma. 

2.4.1.3 

Spinal Epidural Infections

Once thought to be a rare clinical entity, recent epi-
demiologic studies point to an increasing prevalence 
of spinal epidural infection (SEI) in which early di-
agnosis and appropriate treatment dramatically al-
ters the clinical outcome (Smith and Blaser 1991; 
Van Tassel 1994). SEI may be classifi ed as acute and 
chronic depending on the duration of the clinical 
symptoms. 

SEI can be caused by many kinds of bacteria. 
S. aureus is the leading cause (62%–67%), followed 
by M. tuberculosis (Mendonca 2002). The most fre-
quently involved sites are the lower thoracic and lum-
bar regions (Tang et al. 2002). Epidural abscesses 
are almost always located in the posterior portion 
of the spinal canal; there is a very low incidence of 
anterior location, unless there is an association with 
osteomyelitis. Epidural abscesses alone tend to be 
more extensive than those secondary to spondylitis 
(Post et al. 1988; Hitchon et al. 1992). Other pathol-
ogies such as meningitis, subdural abscesses, facet 
infection and retroperitoneal abscesses can be seen 
in association with SEI. 

Plain radiographs are generally the initial mo-
dality used, but provide little information. CT is 
valuable to demonstrate paraspinal extension and 
associated bone destruction. Administration of an 
intrathecal contrast agent is useful to fully delineate 
the epidural collection and its relationship with spi-
nal cord (Smith and Blaser 1991). However, MRI 
is the modality of choice with the highest sensitiv-
ity. MRI demonstrates a soft tissue mass within the 
epidural space encroaching upon the dural sac or 
spinal nerves (Fig. 2.18). Sagittal views are preferred 
for assessment of cranial or caudal extension. Axial 
views are useful to defi ne the exact location of the 
epidural collection. The MRI signal depends on the 
contents of the lesion. Frequently, an elongated iso- 
or hyperintense epidural mass lesion is observed, 
with hypointense thickened, displaced dura on T1- 
and T2-WI. Cord compression is almost always the 
presenting clinical symptom of SEI and can be easily 
detected with MRI. Postcontrast images are helpful 
to differentiate the epidural phlegmon from abscess. 
Urgent surgical intervention is indicated for abscess 
while a more conservative approach is the favored 
treatment modality in the case of phlegmon. With-
out treatment, patients generally show a progres-
sive downhill course (Van Tassel 1994; Tang et al. 
2002). Epidural abscesses can occasionally be seen 
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as tiny loculations in the posterior epidural space 
which can be easily confused with CSF fl ow phe-
nomenon particularly when located in the thoracic 
spine. The use of intravenous contrast medium or 
the application of gradient-echo sequences is rel-
evant in such circumstances (Tyrrell et al. 1999). 
Associated spinal cord signal change presumed to 
represent edema may also be seen. 

Spinal epidural TB infections are generally iso-
intense when compared to the cord on T1-WI and 

show mixed signal intensity on T2-WI (Bernaerts 
et al. 2003). Uniform enhancement will be seen if 
the infl ammatory process is phlegmonous and pe-
ripheral enhancement if abscess or caseation has oc-
curred (Sharif et al. 1995). Hydatid disease of the 
epidural space is rare. The imaging appearance of 
a hydatid cyst usually comprises spherical lesion(s) 
with clearly defi ned borders containing fl uid with 
intensity similar to that of CSF on both CT and MRI 
(Fig. 2.19) (Gupta and Chang 2001). Lack of periph-

Fig. 2.19a–f. Sagittal (a) and axial (b) T1-WI demonstrate extradural hydatid cysts located in the vertebral body, anterior 
epidural space and paravertebral soft tissues. The hydatid cyst with an ill-defi ned border is located at the left posterior 
part of the vertebrae. The spinal cord is displaced posteriorly by the epidural hydatid cyst. The sagittal images clearly show 
displacement of the dura by the hydatid cyst in the anterior epidural space. There is another hydatid cyst located on the 
left side in close proximity to the posterior wall of the aorta. Sagittal T2-WI (c) and postcontrast T1-WI (d) of another case 
demonstrate multiple intradural hydatid cysts in the lumbar region associated with vertebral body hydatid cyst. Axial T2-WI 
(e) and T1-WI (f) of a different patient demonstrate unique intramedullary hydatid cyst together with multiple intradural, 
extradural and paraspinal hydatid cysts located in the cervical region. (Images courtesy of Abdulhakim Coskun)
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eral enhancement and mural components are the 
differentiating features from abscesses.

The differential diagnosis includes metastatic 
disease and epidural hematomas in different stages 
(Gupta and Chang 2001; Sharif 1992; Gero et al. 
1991).

2.4.2 

Intradural Extramedullary Infections

Spinal meningitis has a lower incidence when com-
pared to its intracranial counterpart. The etiology 
varies with patient age, especially in pediatric cases. 
In neonates, Streptococci account for almost 50% of 
the infections followed by E. coli and Listeria, while 
in young infants H. infl uenza accounts for almost 
60% of cases followed by Neisseria and Pneumo-
cocci. In older children Neisseria, Pneumococci and 
Staphylococci are the main causative agents (Van 
Tassel 1994). Subdural abscess is very rare com-
pared to epidural abscess with less than 50 cases 
reported in the literature (Ozates et al. 2000).

Imaging studies are helpful for the precise diag-
nosis, identifi cation of complications and treatment 
monitoring. Plain radiographs and CT have a lim-
ited role in the diagnosis. On MRI, precontrast T1-
WI may be either normal or may reveal nonspecifi c 
abnormalities, unless there is an associated bone 
infection. T2-WI are of limited use since the bright 
signal intensity of the CSF obscures the meningeal 
structures. Postcontrast T1-WI may show infl amed 
dura or nerve sheath with possible involvement of 
the spinal cord. Three patterns of enhancement 
are defi ned: linear, nodular and diffuse. The linear 
enhancement is the most common pattern. How-
ever, no signifi cant correlation has been found be-
tween the pattern of enhancement and the severity 
of symptoms or the causative agent of infection. In 
spinal meningitis, the severity of contrast enhance-
ment does not correlate with the course of the dis-

ease in contrast to cranial meningitis (Rothman 
1996). Unfortunately, MR imaging has a low specifi -
city in differentiating infectious meningitis from a 
leptomeningeal neoplastic process. 

As a granulomatous disease, TB leptomeningitis 
is unique among other types of meningitis because 
of its frequent association with the spinal cord and 
nerve roots. Intradural tuberculosis commonly 
presents itself simultaneously or shortly after an in-
tracranial infection. Less often, it is associated with 
vertebral infection and rarely with a primary spinal 
meningitis (Chang et al. 1989). Tuberculoma forma-
tion may also occur in the inner aspect of the dura. 
The lesion tends to dig a crater into the cord so that 
it may be quite diffi cult to distinguish it from a du-
ral disease or from an intramedullary tuberculoma 
(Fig. 2.21) (Sharif 1992). 

Spinal TB leptomeningitis can occasionally cause 
subarachnoid block. MR imaging clearly outlines 
the extent of leptomeningeal involvement and also 
allows direct evaluation of intramedullary lesions 
and associated pathological processes of the spine 
(Figs. 2.20, 2.21) (Bernaerts et al. 2003). The imag-
ing features of spinal TB leptomeningitis are diverse 
and include: cerebrospinal fl uid loculations, oblit-
eration of the spinal subarachnoid space with loss 
of outline of the spinal cord in the cervicothoracic 
spine and thickened, clumped nerve roots in the 
lumbar region (Figs 2.20, 2.21). Precontrast images 
are not valuable and cannot show the spinal cord and 
subarachnoid space as distinct entities. Postcontrast 
MRI is essential and very useful for the demonstra-
tion of meningeal involvement and associated cord 
disease (Figs. 2.20, 2.21) (Van Tassel 1994; Chang 
et al. 1989).

Fungal meningitis is extremely rare. Patients 
with AIDS living in endemic areas are particularly 
susceptible to coccidioidomycosis. Coccidioidal 
meningitis has recently been reported and is the 
most serious form of the disease. The basal cisterns 
and upper cervical subarachnoid space are prefer-

Fig. 2.20a–i. Axial precontrast (a), axial (b) and sagittal (c) postcontrast T1-WI demonstrate intradural extramedullary TB 
leptomeningitis which causes a subarachnoid block. Cerebrospinal fl uid loculations and obliteration of the spinal subarach-
noid space with loss of outline of the spinal cord at the thoracic spine are clearly seen. The infected areas show marked 
diffuse and linear enhancement. Sagittal pre- (d) and postcontrast (e) T1-WI demonstrate obliteration of the spinal sub-
arachnoid space with loss of outline of the spinal cord in the cervical region due to Coccidioidal meningitis in another case. 
Linear meningeal enhancement is seen on postcontrast image starting from brain stem. (Images courtesy of Anton Hasso, 
USA). Sagittal (f), axial (g) T2-WI, sagittal (h), axial (i) postcontrast T1-WI demonstrate thickened and clumped roots in 
an arachnoiditis case. The exudative material around the nerve roots results in the obliteration of nerve root sheaths and 
subarachnoid space. Mild contrast enhancement is also evident
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Fig. 2.21a–d. Sagittal precontrast T1- and T2-WI (a) and postcontrast T1-WI (b), axial pre- (c) and postcontrast (d) T1-WI 
demonstrate thickened leptomeninges and disappearance of anterior subarachnoid space with marked meningeal enhance-
ment of TB meningitis and myelitis. Expansion of the cord is also evident. Tuberculoma is seen as a typically hypointense 
nodular lesion surrounded by high signal edema on T2-WI which enhances on the postcontrast image
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entially involved (Fig. 2.20). Thickened, infl amed 
cervical meninges may cause spinal cord infarction 
and hydrocephalus (Van Tassel 1994). Candidiasis 
and histoplasmosis may also present as leptomen-
ingitis.

Cysticercosis is the most common parasitic 
infection of the CNS. It is caused by systemic in-
festation of the larval form of Taenia solium. The 
occurrence of intradural-extramedullary cyst-
icercosis is thought to be the result of direct CSF 
seeding of the larvae throughout the subarachnoid 

space from a source in the cerebrum. Spinal dis-
ease is rare. Leptomeningeal cysticercosis is more 
common than intramedullary disease. The rim 
enhancement of a discrete intradural-extramed-
ullary cyst and homogeneously enhancing sheet-
like arachnoiditis may be well demonstrated on 
contrast-enhanced MRI. Congenital lesions such 
as arachnoid and dermoid and hydatid cysts 
(Fig. 2.19) should be considered in the differen-
tial diagnosis of spinal cysticercosis (Mendonca 
2002; Leite et al. 1997).
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Arachnoiditis is an infl ammatory process of the 
spinal leptomeninges, seen as intradural clumping 
of the spinal nerve roots (Fig. 2.20). The exudative 
material around the nerve roots eventually causes 
adhesions, fi nally resulting in the obliteration of 
nerve root sheaths and clumping of the roots. T2-
WI in the axial plane can display centrally clumped 
or peripheral adherent roots (Fig. 2.20). Contrast 
enhancement of nerve roots is an infrequent fi nd-
ing that is often an uncertain and less helpful for 
the correct diagnosis (Smith and Blaser 1991; Van 
Tassel 1994; Mendonca 2002; Sharif 1992).

MRI fi ndings in patients with intradural ex-
tramedullary infections are quite similar to those of 
leptomeningeal tumor spread. Fine linear enhance-
ment of the cord surface may be also detected in sar-
coidosis (Sharif 1992). 

2.4.3 

Intramedullary Infections

Infection of the spinal cord is relatively uncommon 
and may be caused by bacteria, viruses, fungi and 
parasites. Schistosomiasis is common in children 
(Rossi and Tortori-Donati 2004). The diagnosis 
of intramedullary infection in infants and children 
may be diffi cult and delayed due to the insidious 
course of the disease and late onset of clinical fi nd-
ings. Often the diagnosis is only made after irrevers-
ible neurologic impairment has already occurred 
(Simon et al. 2003). The clinical presentation can 
be acute or chronic. The process usually begins as 
myelitis and may progress to abscess. MRI may pro-
vide many valuable and useful clues leading to the 
correct diagnosis (Van Tassel 1994). MRI fi ndings 
are variable and cover a wide spectrum from mild 
edema, swelling with mild or no contrast enhance-
ment to prominent edema and abscess formation 
with diffuse, patchy or ring enhancement consistent 
with the stage of the infection. Intramedullary areas 
of high signal intensity, expansion of the cord and 
necrotic center are well seen on T2-WI (Figs. 2.21, 
2.22). Without any known predisposing factors, the 
diagnosis can be exceedingly diffi cult. An infected 
syrinx may also simulate an intramedullary abscess 
particularly in the pediatric age group. Abnormal 
signal intensities on T2-WI and contrast enhance-
ment diminish gradually during the treatment. 

The incidence of intramedullary granulomatous 
infection is relatively low with TB as the most com-
mon cause. The MR fi ndings are similar to intracra-

nial tuberculomas. Focal spinal cord swelling, high 
signal edema, low signal nodular lesion (tubercu-
loma) on T2-WI (which is a differentiating feature 
from a pyogenic abscess) and nodular contrast en-
hancement on T1-WI are frequently detected fi nd-
ings (Fig. 2.21) (Bernaerts et al. 2003; Gero et al. 
1991). Intramedullary high signal intensities, expan-
sion of the cord and necrotic center are well seen on 
T2-WI. Diffuse, patchy or ring-shaped enhancement 
are consistent with the stages of the intramedullary 
abscess (Fig. 2.21). Syringohydromyelia, a well-
known complication of tuberculous radiculomyeli-
tis, generally results from infl ammatory edema and 
ischemia in the early period of the disease, whereas 
chronic arachnoiditis is the hallmark of late-onset 
cases. 

The imaging features of intramedullary tubercu-
losis are generally nonspecifi c. Therefore, the dif-
ferential diagnosis is broad including neoplastic, 
infl ammatory, demyelinating, vascular and other 
granulomatous disorders. 

Viruses are the most common agents to infect the 
spinal cord; herpes virus, poliovirus, coxsackie genus 
and HIV are the most frequently encountered ones. 
Although encephalitis is the most common manifes-
tation, some herpes viruses may also cause myelitis 
and polyradiculitis (Mendonca 2002). Herpes zoster 
infection may cause the subsequent onset of neuro-
logical symptoms after the appearance of a vesicular 
rash corresponding to dermatomal distribution. The 
etiology of the myelitis during herpes infection is still 
unclear and may be due to viral infection, allergic re-
action, autoimmune vasculitis, etc. The virus is rarely 
isolated from the CSF, but antivirus antibody titers 
may be found to be elevated. MR features of herpes 
myelitis are nonspecifi c and indistinguishable from 
other forms of myelitis (Fig. 2.22). Intramedullary 
lesions usually tend to be located ipsilateral to the 
cutaneous rash. CMV is a common opportunistic 
virus that causes viral myelitis. Precontrast MR im-
ages demonstrate a thickened cauda equina with dif-
fuse enhancement of the nerve roots, the surface of 
the conus and the meninges on postcontrast T1-WI. 
There are three kinds of polioviruses (types 1, 2 and 3) 
causing poliomyelitis by invading the motor neurons 
of the cord and brain stem causing fl accid asymmet-
ric muscle weakness. On MRI, PD- and T2-WI reveal 
a hyperintense band along the entire ventral surface 
of the cord with no enhancement (Mendonca 2002). 
HIV-1 is the causative agent of AIDS and may itself 
alone cause spinal infection or the fi nal immunologic 
defi cit of AIDS also facilitates spinal infection. Viral 
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Fig. 2.22a–e. Intramedullary infection. Sagittal (a) and axial (b) T2-WI demonstrate fusiform enlargement of the cervical 
spinal cord due to viral myelitis. High signal is mostly seen in the posterior part of the cord, between the posterior roots. 
Sagittal T2-WI (c), pre- (d) and postcontrast (e) T1-WI of another patient demonstrate intramedullary cysticercosis. The 
cyst is located within the enlarged spinal cord with signal similar to CSF and shows peripheral enhancement. There is mild 
edema around the cyst

myelitis is among the many potential causes of acute 
transverse myelopathy. Vacuolar myelopathy and 
tract pallor are the other known causes of AIDS-re-
lated myelopathy. MRI plays an essential role in the 
evaluation of myelopathy in AIDS patients. MRI of 
vacuolar myelopathy is characterized by widespread 
signal abnormalities extending along the white matter 
tracts and symmetrically on multiple contiguous sec-
tions while tract pallor is characterized by gracile tract 
abnormality. Cord edema is not a prominent fi nding 

in HIV myelitis and vacuolar myelopathy, in contrast 
to toxoplasmosis and lymphoma (Mendonca 2002). 
The differential diagnosis of an enhancing lesion in 
the spinal cord in AIDS patients includes CMV, Her-
pes simplex virus type 2, fungal myelitis, lymphoma 
and other neoplasms. The presence of hemorrhage in 
the lesion may suggest Herpes simplex virus type 2. 
CMV and herpes infections, tuberculosis, nocardio-
sis, toxoplasmosis and lymphoma may all cause me-
ningeal enhancement while this is not a usual imaging 
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feature in cryptococcal infection (Mendonca 2002). 
Toxoplasmic myelitis caused by T. gondii, which is an 
intracellular protozoan, should be suspected in im-
munocompromised patients with an intramedullary 
lesion. MR imaging shows diffuse hyperintensity on 
T2-WI with nodular enhancement. Differential diag-
nosis includes intramedullary tumors, infl ammatory 
conditions such as multiple sclerosis, transverse my-
elitis, myelopathies and ADEM.

Fungal infections of the spinal cord can be caused 
by pathogenic and saprophytic fungi. A. fumigatus 
is the most common pathogen and invasive and life 
threatening forms are mostly seen in immunocom-
promised patients. Granuloma and abscess forma-
tion are also common. Fungal spinal cord abscesses 
have a nonspecifi c appearance of ring-enhancing 
medullary mass lesion. Candidiasis is generally 
an opportunistic disease. In the spine, the disease 
presents in different forms such as spondylodisci-
tis, intramedullary abscess and arachnoiditis. An 
intramedullary abscess cannot be differentiated by 
imaging alone but must be considered in the immu-
nocompromised patient (Lindner et al. 1995). 

In spinal cord involvement by cysticercosis, MRI 
typically shows cystic areas with similar signal in-
tensity to that of CSF (Fig. 2.22). Occasionally, the 
scolex can be identifi ed as an isointense mural nod-
ule within the cyst cavity. With progressive degener-
ation, cysts may show irregular peripheral enhance-
ment. Neoplasia (primary and secondary neoplastic 
cysts), hydatid cysts (Fig. 2.19) and posttraumatic 
changes (posttraumatic syrinx) should be consid-
ered in the differential diagnosis.

2.5 
Spinal Tumors

Traditionally, spinal neoplasms are categorized by 
location as extradural, intradural extramedullary 
and intradural intramedullary, even though this 
classifi cation sometimes represents an overgener-
alization. Nevertheless, a topographic classifi cation 
by compartment is useful because the symptoms, ra-
diological fi ndings, treatment planning and surgical 
approach all depend on the anatomic compartments 
in which the spinal tumors are localized rather than 
their histological characteristics.

The role of neuroradiology in spinal tumors con-
sists of lesion detection, delineation, characteriza-

tion, image-guided biopsies, treatment planning and 
treatment of patients with interventional procedures, 
such as vertebroplasty of the metastatic, painful com-
pression fractures, and treatment monitoring. MRI is 
the imaging modality of choice for all spinal tumors. 
T1 acquisitions are very sensitive for the detection of 
these lesions and also demonstrate the morphology 
in detail. Vertebral body lesions usually are of low 
signal intensity surrounded by the higher signal of 
normal fat-containing marrow on T1-WI. However, 
the signal intensity of the vertebral body bone mar-
row is not very bright in young patients and in the 
patients with anemia or chronic diseases. Lesions can 
not be demonstrated well due to the low background 
signal. For this reason, SE or FSE with fat saturation, 
or STIR should be applied to improve the sensitivity. 
Vertebral lesions usually demonstrate high signal 
on T2-WI. FSE acquisitions must be used with cau-
tion because the persistent high marrow signal may 
obscure the pathology. In such conditions, fat satu-
rated sequences may help. Contrast enhancement is 
helpful for differentiation of the tumor from normal 
marrow, delineation of the lesion, demonstration of 
epidural and soft tissue extension, demonstration of 
cord compression and also identifi cation of more ac-
tive tumor regions as targets for biopsy. Enhancing 
low signal lesions often become isointense with the 
surrounding high signal marrow-tissues and back-
ground and consequently become hardly detectable. 
For this reason, fat saturated postcontrast T1-WI are 
essential. Enhancement patterns are extremely vari-
able. This variability of enhancement often occurs 
even in different metastatic lesions within the same 
patient. DWI sequences are helpful for differentiation 
of the osteoporotic fractures from either neoplastic or 
infectious causes of collapsed vertebrae. It was shown 
that all benign compression fractures were hypo-
isointense to normal vertebrae while pathologic 
fractures were hyperintense and ADC values differs 
(Calli et al. 2001).

2.5.1 

Extradural Tumors

Extradural tumors occur outside the dura and typi-
cally arise from the osseous spine and adjacent soft 
tissues. In the extradural space, nonneoplastic lesions 
are much more common than neoplasms. With the 
exception of vertebral hemangioma, benign tumors 
in the extradural space are infrequent compared to 
malignant lesions, especially to metastases.
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2.5.1.1 

Primary Extradural Tumors

2.5.1.1.1 

Primary Benign Extradural tumors

Vertebral Hemangioma 

Vertebral hemangiomas (VH) are slow-growing be-
nign vascular tumors of the spinal column, present 
in approximately 11% of all patients (Schmorl and 
Junghans 1971). Approximately two thirds of the 
lesions are solitary and most of them are located 
in the vertebral body. A total of 60% occur in the 
thoracic region, while 29% are found in the lumbar 
region, 6% in the cervical region, and 5% in the sac-
rum (Schmorl and Junghans 1971). The majority 
of these lesions are asymptomatic and discovered 
incidentally. The thickened vertical trabeculae of 
hemangiomas cause parallel linear densities, which 
result in a striped “jail bar” or honey-combed ap-
pearance of the vertebral body on plain fi lms. Exten-
sion into the posterior elements can occur. On axial 
CT and MR images, the thickened trabeculae seen 
in cross-section give a typical spotted appearance to 
the vertebral bodies (Fig. 2.23). Angiographic fi nd-
ings vary from normal to marked hypervascular 
strain. The sensitivity of the MRI is very high in 
the detection of hemangiomas and also demonstra-
tion of the paravertebral and epidural extension. VH 
are seen as round, relatively well-delineated lesions 
which tend to have increased signal intensity on 
both T1- and T2-WI (Fig. 2.23). This high signal re-
fl ects the adipose tissue (fat) in these lesions, rather 
than a hemorrhagic component. Hemangiomas can 
occasionally have a somewhat lower amount of fatty 
tissue and appear even diffusely hypointense. These 
lesions often enhance markedly with contrast ma-
terial, and may be associated with an extradural 
soft tissue mass. Hemangiomas containing lower 
amounts of fatty tissue may be more aggressive 
(Tekkok et al. 1993). Extraosseous hemangioma 
may also be seen in association with or without VH 
and usually tends to lack fatty tissue and appears 
isointense on T1-WI with dural sac and spinal cord 
compression. Differential diagnosis consists of me-
tastasis, and focal fat depositions (Masaryk 1991).

Osteoid Osteoma

Osteoid osteoma comprises 11%–12% of all benign 
bone tumors (Sze 2002). The most common loca-
tions in the spine are the lumbar region (59%), fol-
lowed by the cervical (27%), thoracic (12%), and 

sacral (2%) regions (Gamba et al. 1984). Osteoid 
osteomas involve the posterior elements in 75% of 
cases while the vertebral body is affected in only 
7% (Sze 2002).

Plain fi lms and CT demonstrate the classic imag-
ing fi ndings of a lucent nidus surrounded by bony 
sclerosis (Swee et al. 1979). Some reports have stated 
that the lesion should be classifi ed as osteoblastoma 
if the diameter is greater than 1.5 cm. However, this 
is not generally accepted and there are also reports 
stating that osteoblastoma is an entirely different 
histopathological entity (Orbay et al. 1999). A small 
amount of calcium can be present in the nidus. There 
may be extensive bony sclerosis which obscures the 
exact location of the nidus on plain fi lms. If the 
initial plain fi lms and CT are negative and clinical 
suspicion is still high for an osteoid osteoma, radio-
nuclide bone scans, a highly sensitive method for 
detecting the nidus, are generally recommended. 
Osteoid osteomas are focally “hot” on bone scan. 
Osteoid osteomas demonstrate a heterogeneous ap-
pearance on MRI. Noncalcifi ed portions of the nidus 
show increased signal intensity on the T2-WI while 
the calcifi ed portion of the nidus and the surround-
ing bony sclerosis demonstrate low signal intensity 
on T1- and T2-WI. The nidus is frequently rich in 
vascularity and enhances markedly following con-
trast media administration. This enhancement may 
help not only to localize the nidus but also to dif-
ferentiate it from nonenhancing lytic lesions, such 
as Brodie’s abscess (Sze 2002). Associated reactive 
soft-tissue mass with inhomogeneous signal on T1-
WI, and increased signal on T2-WI can also be dem-
onstrated by MRI. 

Osteoblastoma

Osteoblastomas are uncommon bone tumors. They 
account for 1% of all primary bone neoplasms and 
have a particular predilection for the spine, where 
25%–50% of the cases are located (Sze 2002). Os-
teoblastomas occur most often in the posterior el-
ements with a predilection for the lumbar spine, 
followed by the thoracic and cervical spine.

Plain fi lms and CT typically show an expansile 
lytic lesion with a lucent or ossifi ed center (Fig. 2.24). 
The margins are often, but not always, well defi ned. 
Although less pronounced than in osteoid osteoma, 
there may be a dense sclerotic reaction associated 
with osteoblastoma. CT also shows associated soft 
tissue masses and epidural extension (Fig. 2.24). Ar-
eas of hemorrhage or calcifi cation show inhomogene-
ous signal on MRI. A thin rim of signal void as a result 



  The Spine and Spinal Cord in Children 71

Fig. 2.23a–d. Axial CT (a), axial 
(b) and sagittal (c) T2-WI and 
sagittal T1-WI (d) demonstrate 
thickened vertical trabeculae of 
L2 body with the typical spot-
ted appearance on the right side. 
Vertebral hemangioma shows in-
creased signal intensity on both 
T1- and T2-WI

a b
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of the bony shell may be visible (Fig. 2.24) (Nguyen 
and Hersh 1992). Irregular linear areas of signal 
void may be seen, corresponding to osseous trabecu-
lae (Nguyen and Hersh 1992). Regions of vascular-
ized stroma can be seen with high signal on T2-WI 
(Fig. 2.24). The lesion shows enhancement on post-
contrast images. Associated reactive soft-tissue mass 
with inhomogeneous signal on T1-WI and increased 
signal on T2-WI can also be demonstrated by MRI. 

Aneurysmal Bone Cyst

Aneurysmal bone cysts (ABC) are also encountered 
in the spine (12%–20%). They can be associated 
with other lesions such as giant cell tumor (GCT), 
chondroblastoma, chondromyxoid fi broma, fi brous 

dysplasia and nonossifying fi broma. Most of them 
occur in the lumbar spine and are located in the 
posterior elements. The pedicle and neural arch are 
the most frequently affected sites. 

Plain fi lms show a lytic, expansile lesion gener-
ally with intact cortex and honey-combed trabecu-
lated appearance; the lesion may lead to vertebral 
collapse and vertebra plana. Extension into the 
spinal canal can also be seen. CT shows lucent and 
hyperdense areas, septations and lobulations in de-
tail (Fig. 2.25). Following contrast media adminis-
tration, particularly, septal enhancement show the 
lobulations in detail. MRI also demonstrates the 
lobulations and septations as a thin, well-defi ned 
low signal rim. The signal of the cystic sections of 
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Fig. 2.24a–c. Axial CT (a), T2-WI (b) and postcontrast T1-WI (c) dem-
onstrate enlarged mass lesion of the left superior articular process of 
L2 of an osteoblastoma. Cortical breakthrough is seen at the postero-
lateral part of the tumor. Associated reactive soft-tissue changes with 
inhomogeneous signal on T1-WI and increased signal on T2-WI are also 

a

c
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the lesion depends on the contents of the cysts. They 
are usually hyperintense on T2-WI and iso-hypoin-
tense to cord on T1-WI. Fluid–fl uid levels with vari-
ous signal intensities representing hemorrhage of 
different age with various stages of evolution can 
also be observed (Fig. 2.25). The differential diagno-
sis includes osteoblastoma, GCT and telangiectatic 
osteosarcoma. 

Sacrococcygeal Teratoma

Sacrococcygeal teratoma occurs rarely. It has ma-
lignant potential and is more frequent in girls. 
Plain fi lm and CT show a pelvic mass with coc-
cygeal erosion, calcifi cations and with bowel loops 
and bladder displacement. These lesions tend to 
be hypointense on T1-WI, hyperintense on T2-WI 

and the solid portion of the tumor enhances mark-
edly. 

2.5.1.1.2 

Primary Malignant Extradural Tumors

Primary Lymphoma

Lymphoma can involve the spine as an isolated pri-
mary lesion or as part of a systemic disease. Over 
85% of cases are non-Hodgkin’s lymphoma (NHL). 
Plain X-ray fi lms show a wide spectrum of radio-
graphic manifestations, ranging from a permeative 
moth-eaten appearance to a more lytic geographic 
area of bony destruction and to rare osteosclerotic 
lesions. Infi ltration of the vertebral bodies results in 
focal or diffuse areas of decreased signal on T1-WI 
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due to the replacement of fatty marrow by cellular 
elements. Focal areas of tumor infi ltration typically 
show slightly increased signal intensity or even hy-
pointensity on T2-WI. The appearance is suggestive 
but nonspecifi c and is identical to metastatic disease, 
particularly those of hypercellular primary tumors, 
as well as plasmacytoma or multiple myeloma. 

Osteosarcoma

Osteosarcomas are malignant tumors of the pediat-
ric age group. They are more frequent in boys. Pri-
mary spinal osteosarcomas are unusual. Secondary 
osteosarcomas are more common. Osteosarcomas 
are usually located centrally in the vertebral body. 
Osteoblastic and/or osteolytic lesions can be seen 
on plain X-ray fi lms and CT with prominent de-
struction. MRI is superior to CT for detection and 
delineation. The content of the mass affects the sig-
nal intensity. Usually, areas of cortical thinning and 
loss of cortical continuity are seen. Osteosarcomas 
demonstrate heterogeneous signal on both T1- and 
T2-WI. Osteosarcoma enhances immediately; the 
enhancing areas should be chosen as targets for the 
biopsy. 

Ewing Sarcoma

Primary spinal Ewing sarcoma of the spine is rare, 
while secondary tumors are relatively common. Ew-
ing sarcoma is frequent before the second decade. 
Plain fi lms and CT show lytic changes with lamel-
lated periosteal reaction, bone spicules and a large 

soft tissue mass. They are hypointense on T1-WI 
and hyperintense on T2-WI with soft tissue involve-
ment (Fig. 2.26). Ewing sarcoma enhances moder-
ately (Fig. 2.26).

2.5.1.2 

Secondary Extradural Tumors

2.5.1.2.1 

Metastatic Disease to the Spine and Extradural Space

Metastasis is the most common extradural malig-
nant spinal tumor. Almost every malignancy can 
involve the spine or the soft tissues in the epidural 
space, but Ewing sarcoma, neuroblastoma, os-
teogenic sarcoma, rhabdomyosarcoma, Hodgkin 
lymphoma and soft tissue sarcomas are the most 
common primary tumors that metastasize to the 
vertebrae (Figs. 2.26, 2.27) (Fornasier and Horne 
1975).

Metastatic lesions may involve any portion of the 
vertebra and epidural space. The vertebral body is 
frequently the initial site followed by involvement 
of the epidural space and pedicles (Osborn 1994). 
Spinal metastatic lesions are most often destruc-
tive and lytic; less frequently, they can also be os-
teoblastic and sclerotic. Typically, 40%–50% bone 
destruction is required in order to detect the bone 
metastases on plain X-ray fi lms (Parizel and 
Wilmink 1998). CT is  well suited to demonstrate 
the destructive lesions with loss of cortical conti-

Fig. 2.25a,b. Axial CE-CT (a) shows lucent and hyperdense areas, lobulations and septations with septal enhancements in 
an aneurysmal bone cyst. Axial T2-WI (a,b) also demonstrate the thin, well-defi ned low signal rim of septations. Cysts are 
hyperintense on T2-WI with fl uid–fl uid levels. (Images courtesy of Alpay Alkan)

a b
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Fig. 2.26a–c. Sagittal T2-WI (a), T1-WI (b) and axial post-
contrast T1-WI (c) demonstrate diffuse spinal infi ltration 
with signal changes and T12 collapse due to Ewing sarcoma 
metastasis. Heterogenous enhancement is seen on postcon-
trast image

nuity and infi ltrations. MRI is extremely sensitive 
and is certainly the modality of choice. The multi-
plicity of the lesions is strong evidence for a meta-
static origin (Figs. 2.26, 2.27). In the case of single 
lesions, differentiation of a metastatic lesion from a 
primary tumor or from a lesion of another etiology 
is diffi cult. Biopsy is generally necessary in these 
cases. The signal intensity of spinal metastases var-
ies according to the content of the lesions. Lesions 
are usually hypointense on T1-WI and heterogene-
ous on T2-WI, and most of them are hyperintense 
on STIR (Fig. 2.27). They enhance markedly. Post-
contrast fat saturated T1-WI are very helpful to 
demonstrate extension in detail. DWI is helpful to 
differentiate pathologic fractures from osteopenic 
fractures. Epidural metastases tend to compress 
and encase the thecal sac. Displacement of the dura, 
extension through the foramina, and destruction 
of neighboring bony structures are the imaging 
fi ndings of epidural metastasis (Fig. 2.28). They 
generally demonstrate heterogeneous enhance-
ment, depending on the primary tumor (Fig. 2.28). 
Differential diagnosis consists of MM and multiple 
VH.

2.5.2 

Intradural Extramedullary Tumors

Nerve sheath tumors and meningiomas account for 
80%–90% of intradural-extramedullary tumors. 
Other benign tumors are uncommon. 

2.5.2.1 

Primary Intradural Extramedullary Tumors 

2.5.2.1.1 

Nerve-Sheath Tumors

In the general population, nerve-sheath tumors are 
the most common intraspinal lesions. The two main 
histologic types of nerve sheath tumors, i.e. schwan-
noma and neurofi broma, are frequent in the spine, 
while ganglioneuroma is relatively rare. Schwanno-
mas are slightly more common than neurofi bromas. 
In the pediatric population, nerve-sheath tumors 
probably constitute less than 10% of all intraspi-
nal lesions. They are most commonly intradural 
extramedullary in location (58%) (Sze 2002). The 
remainder are purely extradural (27%), dumbbell-
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Fig. 2.27a–f. Sagittal cervicothoracic 
(a), thoracolumbar (b), T2-WI and 
T1-WI (c and d, respectively), post-
contrast lumbar (e) T1-WI demon-
strate diffuse infi ltration of the ver-
tebral bodies with patchy contrast 
enhancement due to neuroblastoma. 
Sagittal T2-WI (f), of another case 
demonstrates focal metastasis of 
neuroblastoma. Decrease of the an-
terior vertebral height at L3. Loss of 
superior endplate cortical continui-
ty is seen at both L3 and L4 vertebral 
body. There is also disruption of the 
posterior wall of L4 with propaga-
tion into the spinal canal
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Fig. 2.28a–f. Sagittal T2-WI (a), sagittal (b) and axial (c) postcontrast T1-WI demonstrate an epidural mass lesion of synovial 
sarcoma metastasis posterior to the L5 and S1 vertebral bodies, encasing the dural sac and enlarging the spinal canal. Dural 
elevation by the mass lesion is seen clearly on T2-WI. The mass lesion is extending laterally through the enlarged left neu-
ral foramen. The mass lesion enhances moderately and marked peripheral meningeal enhancement is seen. Almost all the 
vertebral bodies show heterogenous signal changes with heterogenous enhancement suggesting the metastatic infi ltration. 
Sagittal T2-WI (d), postcontrast sagittal (e) and axial (f) postcontrast T1-WI (g) demonstrate thoracic epidural metastasis 
in a different patient compressing and shifting the dural sac and spinal cord to anterior. The mass lesion shows marked 
homogeneous enhancement
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shaped with both an extradural and an intradural 
component (15%), and rarely, intramedullary (less 
than 1%) (Sze 2002). The most common location 
is the cervical region, followed by the lumbar and 
thoracic regions. 

Schwannomas do not envelop the adjacent nerve 
root and are generally solitary. In contrast, neu-
rofi bromas envelop the dorsal sensory root, are fre-
quently multiple, and usually are associated with 
neurofi bromatosis, even when single (Sze 2002). 
Schwannomas are lobulated, encapsulated, well-
circumscribed round or oval tumors that often 
show cystic degeneration, hemorrhage, and xan-
thomatous changes (Fig. 2.29). On the other hand, 
neurofi bromas are unencapsulated, fusiform, less 
well-defi ned lesions (Osborn 1994). Necrosis and 
cystic degeneration are rare in neurofi bromas 
(Fig. 2.29). In schwannomas, nerve fi bers do not 
course through the tumor but are confi ned to the 
capsule. Neurofi bromas usually can not be dis-
sected from the parent nerve, because it typically 
runs through the lesion and nerve fi bers are dis-
persed throughout the lesion (Osborn 1994). 

Neurofi bromatosis is a phacomatosis. The condi-
tion occurs spontaneously in 50% of cases and is an 
autosomal dominant in 50% of cases. Patients with 
neurofi bromatosis have a predisposition to develop 
other neoplasms in addition to neurofi bromas, in-
cluding intramedullary lesions, such as astrocytomas, 
ependymomas and hamartomas. Malignant degen-
eration is uncommon in nerve-sheath tumors. Those 
cases associated with neurofi bromatosis tend to occur 
at a young age and to have a worse prognosis.

Plain fi lm fi ndings of nerve-sheath tumors include 
posterior scalloping of the vertebral bodies, pedicle 
erosion and widening of the neural foramina. On CT, 
nerve sheath tumors show decreased attenuation val-
ues and present as paraspinal or intraspinal masses. 
Calcifi cation and hemorrhage are rare. Nerve-sheath 
tumors on MRI tend to have increased signal inten-
sity compared with muscle on T1-WI; it has been pos-
tulated that this may be secondary to shortening of 
the T1 relaxation time by mucopolysaccharide mol-
ecules interacting with high tissue water (Fig. 2.29). 
On T2-WI, these lesions show markedly increased 
signal intensity. The “target sign” is seen frequently 
with hyperintense rim and hypointense central area, 
which represents peripheral myxomatous and central 
fi brocollagenous tissue on T2-WI. These lesions usu-
ally enhance markedly and fairly homogeneously. Ar-
eas of cystic degeneration may cause heterogeneous 
contrast enhancement (Fig. 2.29). 

2.5.2.1.2 

Meningioma

Meningiomas of the spinal canal generally are found 
in the thoracic region (80%), followed by the cervi-
cal and lumbar regions; they are rare in children 
(Sze 2002). They tend to be encapsulated and are 
attached to the dura. When meningiomas are purely 
extradural, they tend to be malignant. 

Meningiomas in the spine are typically well-cir-
cumscribed lesions, frequently located antero- or 
posterolateral to the spinal cord, and tend to dis-
place the cord. The lesions are hypo- to iso-intense 
relative to the spinal cord on T1-WI while they are 
slightly hyperintense to the spinal cord on T2-WI 
(Fig. 2.29). Signal void areas represent calcifi cations. 
Meningiomas are hypervascular tumors which en-
hance immediately, intensely and homogeneously 
on postcontrast images (Fig. 2.29). Nerve-sheath 
tumors should be the fi rst consideration in the dif-
ferential diagnosis. 

2.5.2.1.3 

Dermoid and Epidermoid Tumors

Dermoid and epidermoid tumors are rare in the spi-
nal canal. Histologically, dermoids are differenti-
ated from epidermoids by their higher fat content. 
Dermoids appear slightly higher in signal intensity 
than CSF on T1-WI images and are hyperintense on 
T2-WI. Dermoids are found more commonly in the 
midline and most are diagnosed in children. MR 
distinguishes dermoid from lipoma by virtue of the 
nonfatty component of the lesion. 

Epidermoids do not contain fat and show signal 
characteristics similar to CSF on T1- and T2-WI. 
Epidermoids are diagnosed on proton density-
weighted, FLAIR or CISS images on the basis of their 
“cotton cheese” texture (Rubinstein 1972). Diffu-
sion weighted scans are useful to show restricted 
diffusion, although in the spine this may be techni-
cally challenging. Both of these lesions can rupture 
and cause chemical meningitis.

2.5.2.2 

Secondary Intradural Extramedullary Tumors 

2.5.2.2.1 

Spinal Leptomeningeal Tumors

Intracranial neoplasms as medulloblastoma, gliob-
lastoma multiforme, anaplastic astrocytoma, and 
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Fig. 2.29a–g. Sagittal cervical (a), thoracic (b) T2-WI, postcontrast cervical (c,d), thoracic (e,f) and axial (g) T1-WI dem-
onstrate intramedullary tumors located both in cervical and thoracic levels with fusiform enlargements and heterogenous 
enhancements of neurofi bromatosis. Markedly enhancing nodular lesions posterior to C2 and C5 are suggestive of nerve 
sheath tumors. Another markedly enhancing nodular lesion which has a broad-based dural location posterior to T7–T8 disc 
space is suggestive of meningioma

ependymoma, choroid plexus papilloma, choroid 
plexus carcinoma, pineal tumors and systemic 
tumors may spread via the CSF to the meninges. 
Establishing the presence of leptomeningeal metas-
tasis with an intracranial tumor is very important 
and may signifi cantly alter the treatment planning 
and spinal axis radiation should be employed. Sys-
temic tumors may spread to the leptomeninges by 
many mechanisms, including direct extension into 
the subarachnoid space, peripheral lymphatic in-

vasion, hematogenous dissemination or seeding 
via the choroid. Leptomeningeal tumors most of-
ten spread to the lumbosacral region (73%), prob-
ably because of the effects of gravity, with most of 
the tumor cells settling in this area (Dorwardt 
et al. 1981). These are the so-called drop metas-
tases. However, leptomeningeal metastases can 
also be seen in the cervical and thoracic regions, 
where they are more commonly posteriorly located 
( Dorwardt et al. 1981). Contrast-enhanced MR 
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Fig. 2.30a–e. Cervicothoracic sagittal (a), axial (b) T2-WI, sagittal cervicothoracic (c), thoracolumbar (d) and axial (e) post-
contrast T1-WI demonstrate a linear fi ne layer of enhancement of intradural leptomeningeal infi ltration from brainstem 
to cauda caused by medulloblastoma. Cord is encased by the infi ltration. There is also a long segment of centrally located 
intramedullary infi ltration
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examination is mandatory (Fig. 2.30). The higher 
sensitivity has made the MRI the modality of choice 
in the detection of metastatic tumors in the intra-
dural extramedullary compartment of the spine. 
Tumor spread can have a variety of appearances. 
Tumor may coat the cord or the nerve roots as a 
fi ne layer of enhancement or may be very local as 
multiple nodules (Fig. 2.30). Enhancement of the 
entire thecal sac may also be seen due to tumoral 
infi ltration in severe cases. 

2.5.3 

Intramedullary Tumors 

2.5.3.1 

Primary Intramedullary Tumors

Intramedullary spinal cord tumors represent 3% of 
all central nervous system tumors, and 25% of spinal 
tumors. Most spinal cord tumors are malignant. The 
majority of intramedullary tumors in children are 
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astrocytoma followed by ependymoma. Intramed-
ullary hemangioblastoma, oligodendroglioma and 
paraganglioma are rare in children. 

2.5.3.1.1 

Astrocytoma

Astrocytomas most often are located in the cervical 
and thoracic regions. Multisegmental involvement is 
the rule, and many intramedullary astrocytomas in-
volve both regions. The prevalence of astrocytomas 
decreases in the lower thoracic and lumbar regions, 
unlike the prevalence of ependymomas, which in-
creases in the caudal spinal canal. It is rare for astro-
cytomas to be located in the fi lum terminale, which is 
a common site for ependymomas. Most astrocytomas 
are intramedullary, although rarely they can be exo-
phytic and intradural extramedullary in location. 

Cord enlargement with marked signal intensity 
changes such as hypointensity on T1- and hyperin-
tensity on T2-WI are the imaging fi ndings (Fig. 2.31). 
The infi ltrative nature of the tumor often causes 
poorly defi ned and irregular margins. These lesions 
almost always enhance immediately (Fig. 2.31). In-
tratumoral and/or extratumoral cysts can also be 
seen. If there is no contrast uptake, extratumoral 
cysts tend to be benign. Signal intensity of both re-

active and neoplastic cysts changes according to the 
content of the cyst. Complex benign syrinxes can re-
semble cystic astrocytomas with gliosis within their 
walls. This tissue can display increased signal in-
tensity on T2-WI and can be indistinguishable from 
tumor. The use of a contrast agent is mandatory to 
evaluate the etiology of the syrinx. 

2.5.3.1.2 

Ependymoma

Ependymomas are the most common glial spinal 
cord tumors in adults; however, they may occur at 
any age, with male predominance (Sze 2002). The 
cervical cord is the most common site for the in-
tramedullary ependymomas. Ependymoma is the 
most common primary cord tumor of the lower spi-
nal cord, conus medullaris and fi lum terminale. The 
myxopapillary form is particularly common in the 
conus and the fi lum. 

MRI demonstrates spinal cord enlargement or 
mass lesion, frequently near the conus but not un-
commonly elsewhere in the spinal cord (Fig. 2.32). 
The lesions often have well-defi ned borders and are 
hypointense or isointense to the cord on T1-WI and 
are typically heterogeneous on T2-WI (Fig. 2.32). 
Areas of intratumoral hemorrhage cause a variable 

Fig. 2.31a–c. Sagittal (a), axial (b) T2-WI and sagittal postcontrast T1-WI (c) demonstrate cervicothoracic spinal cord en-
largement with heterogeneous signal abnormalities of an intramedullary astrocytoma. There are multiple irregular cysts 
at the distal part of the tumor followed by syrinx. Subarachnoid space around the cord is obliterated. Marked homogenous 
contrast enhancement is evident on the postcontrast images

a b c
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Fig. 2.32a–c. Sagittal T2-WI (a), sagittal (b) and axial (c) postcontrast T1-WI demonstrate an enlarged lumbar spinal 
cord and cauda with an associated mass lesion. Ependymoma fi lls the entire spinal canal and shows heterogeneous 
signal abnormalities with heterogeneous contrast enhancement

a cb

appearance with mixed signal intensities, due to the 
presence of different blood degradation products. 
Hemosiderin deposition is encountered frequently, 
particularly at the superior and inferior borders of 
the tumor, and appears as a “cap” with mildly hy-
pointense signal on T1-WI and markedly hypoin-
tense signal on T2-WI. This fi nding is suggestive of, 
but not pathognomonic for, ependymoma. Ependy-
momas enhance markedly and heterogeneously fol-
lowing contrast media administration (Fig. 2.32). 
Astrocytoma should be the fi rst consideration in the 
differential diagnosis.

2.5.3.2 

Secondary Intramedullary Tumors 

2.5.3.2.1 

Metastatic Disease of the Spinal Cord 

Metastatic intramedullary tumors are rare, espe-
cially when compared with extradural metastases. 
The incidence of metastasis to the spinal cord in pa-
tients with systemic carcinomas has been estimated 
from 0.9% to 8.5% (Sze 2002). The thoracic cord is 
most often involved, followed by the cervical and 
the lumbar cord. 

MRI shows a widened cord, and associated edema, 
often extending for a considerable length with low 
signal intensity on T1-WI and high signal intensity 
on T2-WI than cord (Fig. 2.30). Metastatic lesions 
may be multiple and infi ltrative with ill-defi ned 
borders. The nidus of the tumor can sometimes be 
visualized as a lower-intensity structure surrounded 
by the higher intensity edema on T2-WI. Use of an 
intravenously administered contrast agent is man-
datory and metastases always enhance markedly 
(Fig. 2.30). Hemangioblastoma should be the fi rst 
consideration in the differential diagnosis.
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Biomechanics of the Spine  3

Stephen M. Belkoff

3.1 
Introduction

The purpose of the current chapter is to review the 
normal mechanics of the spine, i.e., the structure 
and function of the various components such as 
discs, vertebral bodies, and spinous ligaments, and 
to delineate how the normal behavior of these struc-
tures is altered by age and various clinical interven-
tions. A growing segment of spine radiology involves 
not just imaging but musculoskeletal intervention 
as well. Radiologists now are performing tasks that 
previously were in the realm of neurosurgery and 
orthopaedics. Because procedures such as thermal 
ablation of the disc, vertebroplasty, and kyphoplasty 
not only address pain relief but also may alter the me-
chanical behavior of the disc and/or vertebral body, 
it is important to have a fundamental understanding 
of the biomechanics of the spine. Knowledge of the 
normal biomechanics can help the clinician under-
stand the effect a given intervention may have.

3.2 
Spine

3.2.1 

Structure

The spine is a complex structure that can be divided 
into fi ve regions: the cervical, thoracic, lumbar, and 
sacral spines; and the coccyx. Of primary interest 
are the unfused vertebrae of the cervical through 
the lumbar regions, although recently the fused 
vertebrae of the sacrum, especially with regard to 
insuffi ciency fractures, have been the subject of in-
creasing clinical interest.

The cervical region has seven vertebrae (C1–C7), 
which form a lordotic curve. The upper two vertebra 
are different in design compared with the other un-
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fused vertebra of the spine. The specialized design 
permits the unique function of these levels. The at-
las (C1) mates with the occiput of the skull, and the 
space between them allows for fl exion and extension 
but almost no rotation (White and  Panjabi 1990). 
The axis (C2) is below the atlas and, as its name im-
plies, most of the rotation that occurs in the spine 
occurs through the C1–C2 junction. There is essen-
tially no lateral bending, but some fl exion and exten-
sion. The remainder of the cervical spine (C3–C7), is 
fairly fl exible, allowing motion in fl exion/extension, 
lateral bending, and rotation (White and Panjabi 
1990).

In contrast, the thoracic spine has 12 vertebrae 
(T1–T12). By virtue of its interaction with the rib 
cage, the thoracic spine does not allow much fl ex-
ion/extension or lateral bending, but it does allow 
for some axial rotation. The curvature of the tho-
racic spine is naturally kyphotic.

In the lumbar spine, which consists of fi ve verte-
brae (L1–L5), the dominant motion is fl exion. There 
is some extension and lateral bending, but almost no 
rotation. The curvature of the lumbar spine is nor-
mally lordotic.

Regardless of the level and type of motion, mo-
tion of the spine occurs in the spaces between the 
vertebrae, i.e., in the disc and at the facet joints.

3.2.2 

Function

The spine, which transmits loads from the upper 
body through the pelvis into the lower extremities, 
is conceptually divided into three columns: ante-
rior, medial, and posterior columns (Denis 1983). 
Because the center of gravity of the human body 
is located anterior to the spinal column, the cen-
ter of gravity creates a combined load resulting in 
axial compression and an anterior bending moment 
(Fig. 3.1). When the spine is in fl exion, the instanta-
neous axis of rotation is generally in the vertebral 
bodies near the superior endplate (Panjabi et al. 
1984). The instantaneous axis of rotation may be 
considered a fulcrum and, as such, tensile forces 
must be active posterior to the fulcrum to balance 
the anterior bending moment caused by the body’s 
center of gravity. The balancing forces are provided 

K E Y  P O I N T S

Main spinal motions, minor spinal motions:

C0–C1: fl exion/extension

C1–C2: rotation

C2–C7: fl exion/extension rotation lateral 
bending

T1–T12: fl exion/extension rotation lateral 
bending

L1–L5: fl exion/extension  lateral bending

Cervical and lumbar lordosis and thoracic 
kyphosis make the spine function as a spring 
reducing impact forces

The spine transmits loads from the upper 
body through the pelvis into the lower extrem-
ities. The anterior center of gravity creates 
anterior bending and axial compression

Bone mineral density (BMD) determines com-
pressive strength:

Compressive strength ≈ BMD2

BMD < average - 1 SD = osteopenic

BMD < average - 2.5 SD = osteoporotic
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Vertebrae:

Bear the compressive load

Facet joints limit axial rotation

Disc:

Nucleus: hydrophilic mucopolysaccharides 
– 70 to 90% water

Annulus fi brosus: multiple-angled collagen 
layers

Bears the same compressive load as the ver-
tebrae

Shock absorber, resists torsion, tensile and 
shear loads

Traumatic disc herniations require not only 
compressive force but also fl exion and later-
al bending, and typically occur in the lower 
lumbar region

Spinal ligaments:

Guide motion and restrict excessive motion

Mix of collagen and elastin fi bers

Ligamentum fl avum more elastin = more 
stretch (up to 100% strain before failure 
compared with 10 to 15% for most other 
ligaments)

�

�

�

�

�

�

�

�

�

�

�

�

�



  Biomechanics of the Spine 89

Fig. 3.1. The body’s center of mass is located anterior to the 
spinal column and causes an anterior bending moment on 
the vertebral bodies. The anterior bending moment creates 
stresses on the anterior cortex of the vertebral body greater 
than would be expected from body weight alone

by the paraspinous muscles, posterior ligaments, 
and the posterior portion of the annulus fi brosis. 
During anterior fl exion (e.g., bending over to tie a 
pair of shoes), the body’s center of gravity moves 
anteriorly, increasing the bending moment on the 
spine and the compressive stresses on the anterior 
column. Bending over to pick up a load not only 
moves the center of gravity anteriorly, but it also 
increases the magnitude of the anteriorly located 
load, which, when combined with the increased mo-
ment arm, dramatically increases the compressive 
stresses on the anterior column. It is this excessive 
compressive stress that often results in vertebral 
compression fractures in osteoporotic patients. By 
defi nition, vertebral compression fractures exhibit 
disruption of the anterior column (Denis 1983).

3.2.3 

Mechanical Behavior

Compressive vertebral strength is related roughly 
to the square of the vertebral bone mineral den-
sity (BMD) (Lang et al. 1988). When a patient’s 

BMD is 1 standard deviation below the average for 
the sex-, height-, weight-, and race-matched young 
(20–30 years old) population, the patient is consid-
ered to be osteopenic. A patient with a BMD more 
than 2.5 standard deviations below that standard is 
considered osteoporotic (WHO Study Group 1994). 
In patients with osteoporosis, vertebral BMD might 
be half of what it was in their youth, which means 
their vertebral compressive strength may be as 
low as a one fourth of what it was when they were 
young. It is not surprising, then, that each year 
in the United States, more than 700,000 vertebral 
compression fractures are reported (Riggs and 
Melton 1995), 300,000–400,000 of which result in 
hospital admissions.

The lordotic and kyphotic curves of the spine 
function as a spring, allowing the spine to fl ex and 
thereby reduce impact magnitude and increase im-
pulse time compared with what would be the case if 
the spine were a perfectly straight post. The visco-
elastic nature of the spinous ligaments and interver-
tebral discs increases the impulse time even more, 
thereby reducing axial impacts.

3.3 
Vertebrae

3.3.1 

Structure

Except for the fi rst and second cervical vertebrae, all 
vertebrae share the same basic structure. The rough-
ly cylindrical anterior portion has a thin, hard, cor-
tical shell fi lled with cancellous bone. The posterior 
portion, or neural arch, is composed of the pedicles 
and lamina. This bony ring protects the spinal ca-
nal and serves as the foundation for the articular, 
transverse, and spinous processes. The latter two 
processes serve as attachment sites of the muscles of 
the spine. The former process serves as the support 
for the inferior and superior facet joints.

3.3.2 

Function

The primary mechanical function of the vertebrae is 
to support the axial compression of the body weight. 
The vertebral body bears most of the compressive 
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load, but the facets also are involved in resisting 
axial load. Some researchers report that the facet 
bears between 3 and 25% of the load (Lorenz et 
al. 1983; Yang and King 1984), and that if the facet 
joint is arthritic, it may bear 47% or more (Yang 
and King 1984). Although the facet joints bear some 
axial load, they serve to limit relative axial rota-
tion between vertebrae. In fact, intervertebral discs 
can withstand 22  or more of axial rotation before 
they fail (Farfan et al. 1970), but the facets limit 
axial rotation to about 5  to prevent such disc injury 
(Gregersen and Lucas 1967). The neural arch also 
protects the spinal cord from injury. The interior of 
the vertebral body serves to support the endplates 
by means of the cancellous framework, but it also 
functions as a vascular space fi lled with marrow, 
fat, and blood. Part of the nutrition of the disc is 
supplied through the endplates.

3.3.3 

Mechanical Behavior

Vertebral bodies increase in compressive strength 
(and size) from C1 to L5 (Brinckmann et al. 1989; 
Burklein et al. 2001; Moro et al. 1995), probably in 
response to the higher mechanical demands on the 
vertebral bodies secondary to the increasing body 
weight they bear from the superior to the inferior 
spine. The strength of a given vertebral level is a 
function primarily of its bone density. In theory, 
bone strength is a function of the square of the den-
sity, but studies have found a wide range of powers 
(1.2–27; Lotz et al. 1990). Vertebral bodies are stron-
gest along the axis of the spine. In normal vertebral 
bodies, most of the compressive strength comes 

from the trabecular bone beneath the endplates. The 
trabeculae are arranged predominantly in a vertical 
fashion (as support columns) with some horizontal 
cross-bracing (Fig. 3.2). The compressive strength of 
the trabecular structure in the medial–lateral and 
anterior–posterior directions is approximately half 
that in the axial direction (Galante et al. 1970). 
Trabecular compressive strength is greatest in the 
center of the vertebral body, where it is most needed 
to resist endplate bending (Keller et al. 1989). The 
remaining compressive strength of the vertebral 
body comes from the cortical shell (Rockoff et al. 
1969).

3.3.4 

Eff ect of Aging

As the vertebral bodies age, the cortical shell bears 
a greater share of the load (Rockoff et al. 1969), 
perhaps as a consequence of the general decrease 
of cancellous bone associated with osteoporosis, 
i.e., the cortical shell may bear a greater percentage 
of the load because there is simply less cancellous 
bone with which to share the load. Cancellous bone 
density may also be off-loaded as the disc dehy-
drates and its health degenerates. Axial load tends 
to be transmitted through the nucleus pulposus 
in healthy discs, causing the endplates to defl ect. 
In vertebral bodies with healthy discs that devel-
op compression fractures, the predominant mode 
is endplate fracture (Rolander and Blair 1975) 
When the disc degenerates, the load is transmitted 
through the annulus into the cortical shell, bypass-
ing the cancellous bone. In this instance, the frac-
ture mode is predominantly that of cortical shell 

Fig. 3.2. The cancellous interior of each vertebral body functions as a scaffold sup-
porting the endplates (left). As the spine becomes osteoporotic, the support col-
umns become fewer and thinner, and there are fewer cross-braces. These changes 
conspire to weaken the scaffold, placing it at risk for collapse (right)
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fractures. Because the load apparently is shunted 
toward the cortex, the lack of mechanical stimula-
tion may encourage the cancellous bone underneath 
the endplate to resorb.

Bone density generally decreases as a function 
of aging. Because of the power-law relationship be-
tween bone density and strength, if bone density of a 
vertebral body decreases to half of its young healthy 
norm, then strength might be a quarter of what it 
once was in youth.

The bone density of osteoporotic vertebral bod-
ies is at least 2.5 standard deviations below that of 
their young, sex-, race-, and weight-matched coun-
terparts, as defi ned by the World Health Organiza-
tion (Kanis and WHO Study Group 1994; WHO 

Study Group 1994). In addition to this diminished 
bone density, the organization of the remaining 
cancellous bone is altered as the horizontal cross-
braces are resorbed (Bell et al. 1967), resulting in 
long rather than short columns. The load needed to 
cause a column to buckle is an inverse function of 
the square of the column length (Fig. 3.2); therefore, 
if the column‘s effective length doubles, the load 
needed to buckle it decreases by a factor of 4.

3.4 
Disc

3.4.1 

Structure

The disc comprises two major parts: the hydrated 
gel center (or nucleus pulposus) and the surround-
ing collagen-rich annulus fi brosus. The nucleus is 
composed of hydrophilic mucopolysaccharides. 
Approximately 70–90% of the nucleus is water 
( Panagiotacopulos et al. 1987). The annulus fi bro-
sus, which wraps around the nucleus, is composed 
of several layers of fi brous tissue. The orientation 
of the collagen fi bers in each layer (or lamina) is 
approximately 30  relative to the endplate (Fig. 3.3) 
(Inoue 1981).

3.4.2 

Function

The disc serves many functions. It bears the com-
pressive load of the body’s weight above it as well 

Fig. 3.3. The annulus fi brosis is composed of layers of col-
lagen fi bers. The collagen fi bers are oriented at either 30 
or –30  relative to the endplate. The orientation alternates 
with each successive layer (left). When a load is placed on 
the vertebral body, the hydrated nucleus pulposus becomes 
pressurized and pushes laterally against the annulus (right)

as the resultant compressive load of active muscle 
contraction during activities of daily living. The disc 
is a hydrated viscoelastic structure and, as such, 
dampens the axial loads transmitted through the 
spine. It serves as a shock absorber between verte-
bral levels and resists tensile and shear loads that 
result from spine fl exion/extension, lateral bending, 
and twisting.

3.4.3 

Mechanical Behavior

The orientation of the fi bers alternates from 30 
to –30  with each subsequent layer (Inoue 1981). 
 Presumably, the fi ber orientation is an evolutionary 
optimization that allows the disc to resist torsion, 
shear, and tension. When the spine is subjected to 
a compressive load, the nucleus pulposus, which is 
essentially incompressible because of its high water 
content, forces the annulus fi brosus laterally. This 
lateral expansion places the collagen fi bers of the 
annulus in tension to resist the compressive load-
ing to which the composite structure of the disc is 
subjected. One might expect that severe compres-
sion would cause the collagen fi bers to rupture and 
allow the nucleus to prolapse; however, herniation 
of the nucleus pulposus reportedly does not occur 
even under high compressive loads alone (Markolf 
and Morris 1974; Virgin 1951). Traumatic disc her-
niation requires a combined compressive load with 
fl exion and lateral bending (Adams and Hutton 
1982). In that study, discs prone to such injury typi-
cally were in the lower lumbar region, from the 40- 
to 49-year-old subgroup of donors, and had some 
apparent disc degeneration.
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Discs, like other collagenous soft tissue struc-
tures of the body, are viscoelastic, i.e., the material 
behavior of the structure depends not only on the 
stress or strain that is applied, but also on the time 
period over which it is applied. When a disc is sub-
jected to a compressive load, the disc will compress 
instantly, but it also will continue to compress until 
it reaches some equilibrium level. This compressive 
deformation as a function of time is called creep. 
The amount of creep deformation is a function of 
the load magnitude, the time period over which the 
load is applied, and the degree of degeneration of the 
disc. Degenerated discs creep more and creep more 
quickly than do healthy hydrated discs ( Kazarian 
1975), suggesting that degenerated discs lose some 
of their viscoelasticity and, therefore, some of their 
shock absorption characteristics.  Viscoelasticity 
imparts a damage tolerance to tissues. If tissues 
are stressed or strained at high rates, their appar-
ent modulus and failure strength increase and their 
ability to absorb energy increases.

3.5 
Spinal Ligaments

3.5.1 

Structure

The ligaments of the spine are composed of collagen 
and elastin fi bers enmeshed in a hydrated gel. The 
relative amounts of collagen to elastin fi bers dictates 
the mechanical response of a given ligament. For ex-
ample, the ligamentum fl avum, which runs from the 
lamina of one vertebral body to the lamina of the ad-
jacent vertebral body, has the highest elastin content 
of all spinal ligaments. The high elastin-to-collagen 
content allows the ligament to stretch when the spine 
is in full fl exion. Most ligaments fail at approximately 
10–15% strain, but some, such as the ligamentum fl a-
vum and supraspinous ligament in the lumbar spine, 
reportedly withstand strains as high as 100% until 
failure (Fig. 3.4) (Pintar et al. 1992).

3.5.2 

Function

Spinal ligaments, like other ligaments of the body, 
are tasked with connecting one bone to another – in 

this case, one vertebral body to another. They guide 
joint motion and permit fl exibility of the spine with-
out allowing excessive motion that would place the 
spinal cord at risk for injury. By tethering the ver-
tebral bodies together, the spinal ligaments relieve 
the muscles about the spine of some of the burden 
of maintaining stability.

3.5.3 

Mechanical Behavior

The ligaments exhibit nonlinear viscoelastic behav-
ior. Because the dry weight of ligaments primarily is 
composed of collagen fi bers, ligaments are designed 
to resist tension. They have no inherent resistance to 
compression, and they buckle easily. The low modu-
lus response of ligaments in the “toe” region, the ini-
tial part of the stress-strain curve, allows the spine to 
be fl exible without the need for spinous muscle to ex-
pend much energy overcoming ligament resistance. 
As the spine is placed in more extreme positions, the 
ligaments are stretched. As the ligament as a whole 
is stretched, the collagen fi bers, which are gener-
ally wavy in the relaxed state, become straightened. 
Sequential straightening of the fi bers increases the 
apparent modulus of the ligament. In this manner, 
the ligaments’ resistance to stretching dramatically 
increases. If spinal motion continues, the ligaments 
are stretched further into the linear region of the 
stress-vs-strain curve. In this region, practically all 
of the collagen fi bers have been straightened in an 
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Fig. 3.4. The structure and function of ligaments are deter-
mined by the job each ligament needs to perform. Ligaments 
that need to be relatively strong and stiff, such as the anterior 
longitudinal ligament, have a high collagen to elastin ratio, 
whereas ligaments that need to be fl exible, such as the liga-
mentum fl avum, contain large percentages of elastin
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attempt to prevent any further motion. If additional 
motion occurs, collagen fi ber will rupture, resulting 
in a loss of stiffness, damage to the ligament, and 
eventual failure. Because ligaments are viscoelastic, 
the apparent strength and stiffness of a ligament is 
increased dramatically if the stretching rate is rapid 
(Fig. 3.5).
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Fig. 3.5. Ligaments are viscoelastic and, as such, increase 
their apparent stiffness and strength when the rate at which 
they are loaded increases. They also are able to absorb more 
energy. These characteristics prevent damage during impact 
loading, such as typically happens with traumatic events
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Scoliosis  4

Johan W. M. Van Goethem and Anja Van Campenhout

4.1 
Introduction

The normal human spine has a series of curves in 
the sagittal plane, including a cervical lordosis that 
averages, depending on the end points, 20–50  (C2–
C7) or 30–70  (C1–T1), a thoracic kyphosis averaging 
30–35  (T5–T12), and a lumbar lordosis averaging 
50–60  (T12–S1). The normal cervical lordosis is a 
circular arc.

In the frontal plane the normal load-bearing 
spine is straight. Scoliosis is defi ned as a deviation 
from the midline in a frontal plane. A small devia-
tion (< 10 ) is sometimes called spinal asymmetry, 
whereas “true” scoliosis has a deviation of ≥10 . This 
deviation is accompanied by a rotation that is maxi-
mally at the apex of the curve. In the thoracic region 
this rotation creates an asymmetry of the thoracic 
cage that produces the typical chest wall promi-
nence known as the Adams sign.

Imaging in scoliosis is very important. Most cas-
es of scoliosis are idiopathic and imaging is used 
routinely in monitoring the changes of the defor-
mity that take place during growth. Imaging is also 
crucial in determining the underlying etiology in 
non-idiopathic cases of scoliosis. Finally, imag-
ing is used in pre- and postoperative monitoring 
(Table 4.1).

Generally, scoliosis is treated by orthopedic 
surgeons with special training in spinal and pe-
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Table 4.1. Indications for imaging in scoliosis

Routine use in monitoring the changes of the deformity 
that take place during growth

Determining the underlying etiology in non-idiopathic 
cases of scoliosis

Pre- and postoperative monitoring
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K E Y  P O I N T S

Scoliosis is defi ned as a deviation of the spine 
of ≥10  in the frontal plane

Scoliosis may be either:

Congenital: most frequent congenital spinal 
deformity

Idiopathic: most frequent form (80%)

Associated with generalized diseases and 
syndromes

Traumatic

Degenerative: develops after age 50 years

Classifi cation:

Etiology

Curve location, according to the location of 
the apical (most lateral) vertebra or disc:

Cervical: C2–C6
Cervicothoracic: C7–T1
Thoracic: T2–T11
Thoracolumbar: T12–L1
Lumbar: L2–L4
Lumbosacral (L5 and below)

Age at onset:
Infantile: 0–3 years
Juvenile: 4–10 years
Adolescent: 11–17 years
Adult: ≥18 years

Curve type:
Primary vs secondary curves
Structural vs non-structural curves
Curve pattern: Lenke classifi cation (see 
Fig. 4.5)
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 Prevalence: 0.5–3% in the childhood and 
adolescent population, large curves (> 30 ) in 
< 0.3%

Clinical features:

Usually no discomfort in mild curves (< 25 )

Cardiopulmonary complications in early 
onset (< 5 years old)

Congenital and juvenile idiopathic scoliosis 
are usually progressive

Imaging

Screening: upright PA radiograph: minimize 
radiation thoroughly! No lateral fi lm in 
screening

When surgical treatment is considered: PA, 
lateral, and lateral bend fi lms

Measurements: Cobb angle

MRI is required in:
Infantile and juvenile idiopathic scoliosis
Congenital bony anomalies
Scoliosis associated with specifi c neurologi-
cal or cutaneous abnormalities
In adolescent scoliosis with severe pain, 
a left thoracic curve, and/or an abnormal 
neurological examination

Treatment:

Braces: in growing children with curves 
greater than 25–30  or progression of > 5 /
year

Surgery: curves > 45  with remaining spinal 
growth
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diatric problems; however, patients with scoliosis 
may present themselves directly to the radiology 
department through a primary health care physi-
cian, or they may be referred from the pediatric, 
neurology, or neurosurgery services. Many of these 
physicians look toward the radiologist as the spi-
nal expert; therefore, radiologists should know the 
basics of scoliosis, how to perform the radiologi-
cal examination, how to read these fi lms correctly, 
and how to make a coherent and helpful interpreta-
tion.

4.2 
Etiology

4.2.1 

Congenital Scoliosis

Congenital scoliosis is the most frequent congeni-
tal spinal deformity (Fig. 4.1). It is present at birth 
as the result of embryological or intrauterine mal-
development of vertebral elements; these may be 
caused by either failure of formation or failure of 
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segmentation. They are commonly associated with 
cardiac or urological abnormalities that develop 
during the same period (before 48 days of gesta-
tion). Vertebral maldevelopment can be classifi ed as 
defects of segmentation and/or defects of formation. 
Curve progression is strongly related to the type of 
vertebral abnormality with the poorest prognosis 
for unilateral unsegmented bars with contralat-
eral hemivertebrae (up to 10 /year progression), a 
less severe progression in cases of hemivertebrae 
or double hemivertebrae (1–2.5 and 2–5 /year, re-
spectively; Fig. 4.2) and a least severe progression in 
patients with block and wedge vertebrae (< 1 /year 
progression).

4.2.2 

Idiopathic Scoliosis

Most frequently scoliosis is idiopathic (80%). Sub-
stantial research efforts have identifi ed several fac-
tors contributing to the development of idiopathic 
scoliosis.

Genetic factors are a potential etiological com-
ponent in the development of scoliosis. Studies sug-
gest a multigene dominant inheritance pattern with 
variable phenotypic expression. Several candidate 
regions have been identifi ed including on chromo-
somes 6p, distal 10q, 17p11, 18q and 19p13. Family 
members of affected individuals have an increased 
incidence of scoliosis. Studies in families with twins 
have identifi ed 73–92% concordance in  monozygotic 

Fig. 4.1. A 5-year-old boy with Klippel-Feil syndrome type 2. 
Klippel-Feil syndrome occurs in a heterogeneous group of 
patients unifi ed only by the presence of a congenital defect in 
the formation or segmentation of the cervical spine (Tracy et 
al. 2004). Numerous associated abnormalities of other organ 
systems may be present. It is unclear whether Klippel-Feil syn-
drome is a discrete entity, or if it is one point on a spectrum 
of congenital spinal deformities. As a consequence of these 
fusion and segmentation anomalies, this boy has a congenital 
cervical and thoracic scoliosis. Klippel-Feil type 1 shows mas-
sive fusion of cervical and upper thoracic vertebrae. Type 2 
shows fusion of a limited number of vertebrae and hemiver-
tebrae. Occipitoatlantal fusion, as in this case (long arrow), 
and other lower thoracic anomalies, are present. Type 3 shows 
both cervical fusions and lower thoracic or lumbar fusions. 
C2–C3 fusion, also present in this case (short arrow), is the 
most common form of congenital fused cervical vertebrae and 
is probably dominant with variable expression. This boy fur-
thermore shows hemivertebrae and unilateral fused vertebrae 
(arrowheads).

Fig. 4.2. Shaded-surface display (SSD) 3D reformation of a 
multirow detector CT (MDCT) in a patient with congenital 
thoracic scoliosis with wedge vertebrae and hemivertebrae. 
Curve progression is strongly related to the type of verte-
bral abnormality with the poorest prognosis for unilateral 
unsegmented bars with contralateral hemivertebrae (up to 
10 /year progression), a less severe progression in cases of 
hemivertebrae or double hemivertebrae (1–2.5 and 2–5 /year, 
respectively), as in this case, and a least severe progression in 
patients with block and wedge vertebrae (< 1 /year progres-
sion). Associated rib anomalies are not infrequent.
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twins and only 36–63% concordance in dizygotic 
twins. The prevalence of scoliosis increases seven 
times in individuals with affected siblings and three 
times in those with affected parents.

Tissue defi ciencies in bone, muscle, ligament, 
and/or disc may lead to scoliosis. For example, ado-
lescent idiopathic scoliosis may be related to osteo-
penia in some patients.

Vertebral growth anomalies may also be related 
to adolescent idiopathic scoliosis, as described in 
the following:
1. Differential growth rates between left and right 

sides of the spine may lead to asymmetry that 
could be accentuated by the so-called Heuter-
Volkmann effect (suppression of growth on the 
concave side of the curve). When anterior spinal 
growth outpaces posterior growth in the adoles-
cent, hypokyphosis is produced with subsequent 
buckling of the vertebral column.

2. Scoliotic spines in girls between 12 and 14 years 
have longer thoracic vertebral bodies, shorter 
pedicles, and a larger interpedicular distance 
compared with normal aged-matched spines (Guo 
et al. 2003). The differential growth between the 
anterior and posterior elements is not only signifi -
cantly different in scoliosis vs normal spines, but 
is also correlated to the severity of scoliosis. This 
overgrowth in length occurs mainly by enchon-
dral ossifi cation, whereas circumferential growth 
is slower and happens by membranous ossifi ca-
tion.

3. Compared with others, adolescents with scoliosis 
are taller, thinner, and have an increased level of 
growth hormone.

4. Finally, central nervous system disorders may re-
sult in scoliosis. Several factors have been identi-
fi ed that correlate with a higher incidence in scoli-
osis, such as equilibrium and vestibular dysfunc-
tion, melatonin defi ciency, syringomyelia, Chiari 
malformation, and spinal tumors.

4.2.3 

Scoliosis in Generalized Diseases and 

Syndromes

Neuromuscular disorders (e.g., cerebral palsy, mus-
cular dystrophy) and some generalized diseases and 
syndromes (e.g., Marfan, neurofi bromatosis, rheu-
matoid disease, or bone dysplasia) are associated 
with scoliosis (Fig. 4.3).

Fig. 4.3. Scoliosis is commonly associated with a variety of 
neuromuscular disorders including conditions affecting up-
per and lower motor neurons as well as myopathies. This 
5-year-old boy with a neuromuscular dystrophy was unable 
to stand, and in these cases spinal imaging can be accom-
plished lying down or, preferably, sitting, as in this case.

4.2.4 

Traumatic Scoliosis

Traumatic scoliosis can be caused either by bony 
lesions (fractures, dislocations) or by soft tissue le-
sions (e.g., burns, postempyema).

4.2.5 

Degenerative Scoliosis

Degenerative lumbar scoliosis is a lateral deviation 
of the spine that typically develops after age 50 years 
(Tribus 2003). This is the type-1 adult scoliosis, a 
primary degenerative scoliosis, mostly on the basis 
of a disc and/or facet joint arthritis, affecting those 
structures asymmetrically. Type-2 adult scoliosis 
is the progression of adolescent scoliosis in adult-
hood, whereas type-3 adult scoliosis is a secondary 
scoliosis mostly on the basis of osteoporosis (Aebi 
2005). Although the clinical presentation may vary, 
degenerative scoliosis is usually associated with loss 
of lordosis, axial rotation, lateral listhesis, and spon-
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dylolisthesis (Fig. 4.4). It is associated with degen-
erative disk and facet disease and hypertrophy of 
the ligamenta fl ava, typically leading to neurogenic 
claudication and back pain. Rarely, sagittal or coro-
nal imbalance may develop.

4.3 
Classifi cation

Scoliosis can be classifi ed according to (a) etiology, 
(b) curve location, (c) age at onset, and (d) curve 
type.

Curve location is defi ned by its center, known as 
the apex, which is the most lateral disc or vertebra 
of the curve. Usually the apical vertebra is also the 
most horizontal. As such scoliosis can be classifi ed 
as cervical (apex between C2 and C6), cervicotho-
racic (C7–T1), thoracic (T2–T11), thoracolumbar 
(T12–L1), lumbar (L2–L4), and/or lumbosacral (L5 
and below).

Age at onset – or rather diagnosis – is used to clas-
sify scoliosis as follows: (a) infantile (0–3 years); (b) 
juvenile (4–10 years); (c) adolescent (11–17 years); 
and (d) adult (≥18 years).

Different classifi cations exist according to curve 
type:

1. Spinal asymmetry (< 10 ), mild scoliosis (10–25 ). 
and severe scoliosis (> 25 )

2. Primary curves are the fi rst to develop. Secondary 
curves develop afterwards as a means to balance 
the head and trunk over the pelvis, not only in the 
frontal but also in the sagittal plane. At the time of 
diagnosis it is not always possible to differentiate 
primary curves from secondary curves.

3. Structural curves (as opposed to nonstructural 
curves) cannot be corrected with side bending or 
traction. Nonstructural curves can be secondary 
curves or functional curves (postural, secondary 
to short leg, muscle spasm, etc.).

The use of these classifi cation schemes is impor-
tant as a means of common communication between 
various scoliosis practitioners to have the ability to 
compare various treatments of similar curve pat-
terns and as a method of recommending selective 
fusions of the spine when appropriate. The most 
widely used classifi cation developed by Moe and 
reported by King et al. (1983), the King-Moe clas-
sifi cation, was designed primarily to decide when 
to instrument the thoracic curve alone, and when 
to instrument both the thoracic and lumbar curves. 
This classifi cation, however, is not comprehensive, 
and a more complete and reliable classifi cation was 
proposed by Lenke et al. (2001; Fig. 4.5; Table 4.2). 
The Lenke classifi cation considers three compo-

a b

Fig. 4.4a,b. Degenerative lumbar scoliosis is a lateral deviation of the spine that typically develops after age 50 years (Tri-

bus 2003). It is also known as type-1 or primary adult scoliosis. It is usually associated with loss of lordosis, axial rotation, 
lateral listhesis, and spondylolisthesis (a). It is associated with degenerative disk and facet disease and hypertrophy of the 
ligamenta fl ava, typically leading to neurogenic claudication, foraminal narrowing (b), and back pain.
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Fig. 4.5. Lenke classifi cation of scoliosis. The Lenke classifi cation considers three components: curve type (1–6), a lumbar 
spine modifi er (A, B, or C), and a sagittal thoracic modifi er (-, N, or +). The six curve types have specifi c characteristics, on 
frontal and sagittal radiographs, that differentiate structural and nonstructural curves in the proximal thoracic (PT), main 
thoracic (MT), and thoracolumbar/lumbar regions (TL/L). The major curve is the one with the largest Cobb measurement 
and will always be included in fusion surgery for idiopathic adolescent scoliosis. The minor curves are all other non-major 
curves present. One of the main debates in scoliosis surgery is whether to include those minor curves in the fusion or not; 
thus, six curve types are distinguished in this system based on whether the PT, MT, and TL/L regions are major, minor 
structural, or nonstructural including: type 1, MT; type 2, double thoracic; type 3, double major; type 4, triple major; type 5, 
TL/L; and type 6, TL/L-MT (Lenke et al. 2003). The lumbar spine modifi er is based on the relationship of the center sacral 
vertical line to the apex of the lumbar curve, and the sagittal thoracic modifi er is based on the sagittal curve measurement 
from the fi fth to the twelfth thoracic level. A minus sign represents a curve of < 10 , N represents a curve of 10–40 , and a 
plus sign represents a curve of > 40 . (With permission from Lenke 2005)
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Table 4.2. Classifi cation of scoliosis according to Lenke et al. (2003). PT proximal thoracic, MT main thoracic, TL/L thoraco-
lumbar/lumbar, DM double major, TM triple major

Curve type PT MT TL/L Description

1 NS S NS MT

2 S S NS DT

3 NS S S DM

4 S S S TM

5 NS NS S TL/L

6 NS S S TL/L – MT

Classifi cation of curve types in adolescent idiopathic scoliosis according to Lenke et al. (2001): Curve types 1–6 are determined 
by the regional structural characteristics of the proximal thoracic (PT), main thoracic (MT), and thoracolumbar/lumbar (TL/L) 
regions
Type 1, main thoracic: The main thoracic curve is the major curve, and the proximal thoracic and thoracolumbar/lumbar curves 
are minor nonstructural curves
Type 2, double thoracic: The main thoracic curve is the major curve, whereas the proximal thoracic curve is minor and structural 
and the thoracolumbar/lumbar curve is minor and nonstructural.
Type 3, double major: The main thoracic and thoracolumbar/lumbar curves are structural, whereas the proximal thoracic curve 
is nonstructural. The main thoracic curve is the major curve and is greater than, equal to, or no more than 5  less than the Cobb 
measurement of the thoracolumbar/lumbar curve
Type 4, triple major: The proximal thoracic, main thoracic, and thoracolumbar/lumbar curves are all structural; either of the 
two latter curves may be the major curve
Type 5, thoracolumbar/lumbar: The thoracolumbar/lumbar curve is the major curve and is structural. The proximal thoracic 
and main thoracic curves are nonstructural
Type 6, thoracolumbar/lumbar-main thoracic: The thoracolumbar/lumbar curve is the major curve and measures at least 5  
more than the main thoracic curve, which is structural. The proximal thoracic curve is nonstructural

nents: curve type (1–6); a lumbar spine modifi er (A, 
B, or C); and a sagittal thoracic modifi er (–, N, or +). 
The six curve types have specifi c characteristics, on 
frontal and sagittal radiographs, that differentiate 
structural and nonstructural curves in the proximal 
thoracic (PT), main thoracic (MT), and thoracolum-
bar/lumbar regions (TL/L). The major curve is the 
one with the largest Cobb measurement and will 
always be included in fusion surgery for idiopathic 
adolescent scoliosis. The minor curves are all other 
non-major curves present. One of the main debates 
in scoliosis surgery is whether to include those mi-
nor curves in the fusion or not; thus, six curve types 
are distinguished in this system based on whether 
the PT, MT, and TL/L regions are major, minor 
structural, or nonstructural including: type 1, MT; 
type 2, double thoracic (DT); type 3, double major 
(DM); type 4, triple major (TM); type 5, TL/L; and 
type 6, TL/L-MT (Lenke et al. 2003). The lumbar 
spine modifi er is based on the relationship of the 
center sacral vertical line to the apex of the lumbar 
curve, and the sagittal thoracic modifi er is based 
on the sagittal curve measurement from the fi fth to 
the twelfth thoracic level. A minus sign represents a 
curve of less than 10 , N represents a curve of 10–40 , 
and a plus sign represents a curve of more than 40 .

4.4 
Prevalence

The prevalence of scoliosis (≥10 ) in the childhood 
and adolescent population is between 0.5 and 3.0%. 
Adolescent idiopathic scoliosis is present in 2–4% 
of children between 10 and 16 years of age. Larger 
curves (> 30 ) are reported to be between 0.04 and 
0.29%. In childhood scoliosis, 0.5% is reported in 
the infantile group, 10% in the juvenile group, and 
the remainder in the adolescent group.

4.5 
Clinical Features

There is no difference in the prevalence of back 
pain or mortality between patients with untreat-
ed adolescent idiopathic scoliosis and the general 
population. Patients with mild idiopathic scoliosis 
(< 25 ) usually have no or only very little discomfort. 
Cardiopulmonary complications are almost exclu-
sively seen in early onset scoliosis (< 5 years old). 
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Patients presenting with severe pain, neurological 
symptoms, or rapidly progressing scoliosis require 
thorough further examination.

In North America and Europe a screening exami-
nation in school often leads to a fi rst referral for sco-
liosis. The goal of school screening programs is to 
detect childhood scoliosis at a stage where surgical 
correction can be avoided.

Different specifi c clinical tests are available to as-
sess scoliosis. The forward-bend test, or Adams test, 
is probably the best known. In this test the patient 
bends forward with the knees straight and the palms 
together. During this test the thoracic and lumbar 
regions should stay symmetric. An asymmetric ro-
tational hump of 5–7  (angle of trunk rotation, ATR) 
is associated with a scoliosis of 15–20 . A referral and 
imaging is recommended when the ATR is > 7 . This 
is a sensitive, although not very specifi c test (2–3% 
referral).

4.6 
Natural History

4.6.1 

Congenital Scoliosis

Congenital scoliosis shows progression in 75% of 
cases. The poorest prognosis is that for thoracic 
curves and those with multiple hemivertebrae and 
a convex unilateral bar (failure of segmentation) 
opposite the hemivertebrae. Block and wedge ver-
tebrae show progression < 1 /year, hemivertebrae 
show a mean progression of 1–2.5 /year, double 
hemivertebrae increase at a double rate, and unilat-
eral unsegmented bars with contralateral vertebrae 
may progress up to 10 /year. The management of 
congenital scoliosis requires frequent clinical and 
radiographic follow-up to detect progression. Curve 
progression or severe vertebral anomalies known to 
cause curve progression require prompt treatment 
to prevent deformity and morbidity such as tho-
racic insuffi ciency syndrome (Kose and Campbell 
2004).

4.6.2 

Infantile Idiopathic Scoliosis

Infantile idiopathic scoliosis presents as a left tho-
racic curve in 90% of cases. The male:female ratio 
is 3:2. The vast majority of these curves are self-
limiting. The few curves that do progress, usually 
double structural curves, can be diffi cult to manage. 
In cases where the rib vertebral angle difference 
(RVAD) is larger than 20 , progression is very likely. 
The RVAD is defi ned as the difference in angulation 
of the left and right ribs on the apical vertebra as 
measured on an anteroposterior (AP) radiograph.

4.6.3 

Juvenile Idiopathic Scoliosis

The male:female ratio is 1:2 to 1:4, with boys be-
ing more affected between 3 and 6 years (1:1), and 
girls between 6 and 10 years (1:8). The number of 
right and left curves is equal in the younger group 
(< 6 years at presentation) and right curves predomi-
nate in the older group (80%). This type of scoliosis 
is often progressive (70%). Potential for trunk defor-
mity with cardiac and pulmonary compromise ex-
ists especially in scoliosis with onset before 5 years 
of age. Curves of > 30  are almost always progres-
sive, at a rate of 1–3 /year before age 10 years and at 
a rate of 4.5–11 /year after that age. If the scoliosis is 
in the thoracic region, surgery is required in > 95% 
of these cases.

4.6.4 

Adolescent Idiopathic Scoliosis

For minor curves the male:female ratio is equal, but 
for larger curves the ratio is as high as 1:8. Approxi-
mately 2% of adolescents have scoliosis (> 10 ), but 
only 5% of these have a progression of the curve to 
> 30 . Right thoracic curves are the most progres-
sive. In the major left thoracic and lumbar scolio-
sis, initial minor curves progress faster than major 
curves. The progression of scoliosis is dependent on 
the growth velocity and the magnitude of the curve 
at the fi rst visit. Progression is most notable with a 
growth velocity of > 2 cm/year, at ages between 9 and 
13 years, bone ages between 9 and 14 years, Risser 
signs 0–1 (see also 4.7.3), and between 0.5–2 years 
before menarche (Ylikoski 2005).
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4.6.5 

Adult Idiopathic Scoliosis

Curves of < 30  usually show no progression. Curves 
measuring 30–50  at skeletal maturity progress an 
average of 10–15  during a normal lifetime. Curves 
between 50 and 75  show a continuing rate of nearly 
1 /year. In untreated patients an increased mortal-
ity rate due to cardiopulmonary disorders is almost 
only seen in scoliosis of > 90 .

4.6.6 

Risk Factors for Progression

The main risk factors for curve progression are a 
large curve magnitude, skeletal immaturity, and 
female gender. Skeletal immaturity or remaining 
skeletal growth is determined by age, menarchal 
status, and Risser sign (radiological) (see also 4.7.3) 
or Tanner staging (clinical). A Risser < 1 is associ-
ated with progression in 60–70% of patients, where-
as Risser 3 has a risk for progression in < 10% of 
cases. Curve pattern has also been identifi ed as an 
important variable for predicting the probability of 
progression. Primary thoracic curve scoliosis pro-
gresses more than primary lumbar curve scoliosis. 
The larger the curve, the more progression can be 
expected. Finally, in infantile scoliosis right-sided 
thoracic curves in females have a worse progres-
sion.

4.7 
Imaging in Scoliosis

4.7.1 

Plain Film Imaging Technique

The ideal imaging modality for screening in scolio-
sis is the upright posteroanterior (PA) radiograph of 
the entire spine. The head and pelvis should be on 
the same fi lm. The patient must be standing, but in 
young patients or patients with severe neuromus-
cular disorders a sitting or even supine radiograph 
may be the only possibility (Fig. 4.3). In general, no 
attempt should be made to equalize differences in 
leg length. A lateral fi lm is not required as a part of 
the screening examination.

Radiographic techniques should be used to 
minimize radiation of sensitive organs (breast, 
thyroid, ovaries, bone marrow, lens, etc.). It is 
imperative that radiation-lowering techniques 
be used judiciously to minimize the radiation 
burden. In a recent study of 5466 women, who re-
ceived an average of 24.7 X-rays with a mean es-
timated cumulative radiation dose to the breast 
of 10.8 cGy (range 0–170), the risk of breast can-
cer was found to be 70% higher than in women in 
the general population (Morin et al. 2000). There 
were 77 breast cancer deaths among the patients, 
compared with 46 expected deaths based on U.S. 
mortality rates. Risk increased signifi cantly with 
increasing number of radiograph exposures and 
with cumulative radiation dose. A posterior-to-
anterior technique reduces radiation to the breast 
three to sevenfold compared with an anterior-to-
posterior technique. If breast shielding is used, 
care should be taken so that automatic exposure 
systems do not increase the radiation dose accord-
ingly.

A further decrease in radiation dose can be ac-
complished using the so-called air-gap technique. 
This technique was fi rst described by Lindblom 

(1934). In clinical practice, it was soon superseded 
by the use of antiscatter grids; however, air gaps are 
still used in, for example, lung examinations, and 
compare favorably with the use of grids in pediat-
ric radiology. Moreover, the introduction of digital 
radiography is likely to create a new interest in the 
air-gap technique (Persliden and Carlsson 1997). 
With air-gap and computed radiology techniques 
the mean effective dose can be reduced by a factor 10 
(Hansen et al. 2003).

At least when surgical treatment is considered, 
lateral bend radiographs and a lateral fi lm should be 
acquired (Fig. 4.6). Bend fi lms aid in deciding what 
levels should be included in the instrumentation. 
Lateral bending is usually performed as a standing 
PA fi lm, but in some institutions supine AP fi lms are 
used. The Stagnara oblique view is taken perpendic-
ularly to the rib prominence and shows a more ac-
curate picture of large curves with a true magnitude 
of the scoliosis.

Several studies have used 3D techniques to evalu-
ate idiopathic scoliosis. These studies have showed 
that although the deformity of the spine is three-di-
mensional, the regional deformity is almost always 
two-dimensional, but in a plane different from the 
standard frontal or sagittal views.
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4.7.2 

Imaging Interval

Follow-up is necessary in those patients with severe 
curves that are at risk for signifi cant curve progres-
sion or require some form of treatment. Idiopathic 
curves of less than 25  should be monitored every 
4–12 months, depending on the age and growth rate 
of the patient (Fig. 4.7). Curves of > 30  should be 
monitored for progression after skeletal maturity 
every 5 years.

4.7.3 

Measurements

Curve measurement is usually performed by the 
Cobb method (Fig. 4.8). The caudal and cranial end 
vertebrae of a scoliosis are the most tilted in a frontal 
plane. A line parallel to the superior end plate of the 
cranial end vertebra and a line parallel to the infe-
rior end plate of the caudal end vertebra are drawn 
fi rst (on fi lm or digitally on a diagnostic worksta-
tion). Then perpendiculars to both these lines are 
drawn and the angle is measured where these lines 
cross. A Cobb angle is measured for each curve that 

ba c

Fig. 4.7a–c. Three posteroanterior 
fi lms in the same 12-year-old girl 
at 6-month intervals. This right 
thoracolumbar curve progresses 
by 3–4  every 6 months. Note that 
Cobb angles are measured from 
the same end vertebrae in each 
consecutive control

Fig. 4.6a,b. Lateral bend fi lms in a young girl as a preopera-
tive assessment. In this case lateral bending shows a reduced 
mobility at the level of the thoracic curve which  consequently 
was instrumented

a b
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is present. When comparing different radiographs 
the end vertebrae usually remain the same, although 
corrections can be needed over time. One should 
understand that there is a wide inter- and intra-
observer variation with this technique, usually on 
the order of 5 .

Cobb angle measurements are done on AP radio-
graphs; however, because of the associated vertebral 
rotation, these are not true AP views of the rotated 
spinal segment. Cobb angle measurements can in-
crease by > 20% when measured on these true-AP 
views (Gocen and Havitcioglu 2001); therefore, 
in the follow-up of scoliosis, consistent patient po-
sitioning is of utmost importance.

For surgeons it is important to recognize the im-
portant decrease of curves both in the frontal and 
sagittal plane due to prone positioning, anesthesia, 
and exposure during surgery. When patients re-
sume their standing position a “spring-back” effect 
is noted in the sagittal plane with loss of correction 
(Delorme et al. 2000).

Alternatively, and much less frequently used 
compared with the Cobb angle measurement, the 
Ferguson method measures the angle between lines 
drawn from the centers of the end vertebrae to the 
center of the apical vertebra/disc.

As a result of the increased appreciation of the 
three-dimensional nature of scoliosis and modern 
spinal instrumentation’s improved corrective ca-
pabilities, there has been renewed interest in the 
correction and measurement of vertebral rotation 
(Kuklo et al. 2005). Vertebral rotation is maximal 
at the apex of the curve and can be quantifi ed by 
different methods, all of which are fairly inaccurate. 
Computed tomography is limited in its clinical util-
ity owing to cost, radiation exposure, and the effects 
of postural changes on scoliosis curves and conse-
quently vertebral rotation; therefore, and because of 
their simplicity, the Perdriolle (Perdriolle 1979) 
and Nash-Moe (Nash and Moe 1969) techniques 
remain the standard measurements for providing a 
reasonable estimate of pre- and postoperative verte-
bral rotation.

On lateral fi lms sagittal balance can be as-
sessed. Normal sagittal balance is the alignment of 
C7 to the posterior superior aspect of the sacrum. 
The sagittal plumb line, as drawn from center of 
C7, should be ±2 cm from the sacral promontory. 
Thoracic kyphosis depends mostly on the spinal 
deformity, whereas lumbar lordosis is infl uenced 
mainly by the pelvic confi guration. The scoliotic 
curve type is not associated with a specifi c pattern 
of sagittal pelvic morphology and balance (Mac-
Thiong et al. 2003). Positive sagittal balance, i.e., 
an anterior deviation of the C7 plumb line, is more 
signifi cantly associated with pain and disability 
than curve magnitude, curve location, or coronal 
imbalance (Glassman et al. 2005).

Skeletal maturity is usually assessed using the 
Risser sign (Fig. 4.9). The lateral to medial ossifi ca-
tion of the iliac crest occurs in a predictable fashion 
over an 18- to 24-month period. Risser 0 is the ab-
sence of ossifi cation, stages 1–4 correspond to par-
tial ossifi cation, and Risser 5 indicates the fusion 
of the fully ossifi ed apophysis to the ilium. Another 
useful landmark is the status of the triradiate car-
tilage of the acetabulum. This usually closes before 
Risser 0, at the stage of maximal spinal growth.

Fig. 4.8. Curve measurement is usually performed by the 
Cobb method. The caudal and cranial end vertebrae of a 
scoliosis are the most tilted in a frontal plane. A line par-
allel to the superior end plate of the cranial end vertebra 
and a line parallel to the inferior end plate of the caudal 
end vertebra are drawn fi rst. Then perpendicular lines to 
both these lines are drawn and the angle is measured where 
these lines cross. A Cobb angle is measured for each curve 
that is present. When comparing different radiographs the 
end vertebrae usually remain the same, although corrections 
might be needed over time
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4.7.4 

Specialized Imaging

Computed tomography (CT), especially multirow 
 detector CT (MDCT), is the best method for visu-
alization of complex scoliotic deformities. In gen-
eral, it is used in cases of computer-assisted surgery 
(CAS), since it is known that the placement of ped-
icles screws on the concavity in the apical region of 
thoracic curves can be critical because of small end-
osteal pedicle width (Liljenqvist et al. 2000), where 
it can assist in pedicle screw placement. Computed 
tomography is also useful for defi ning abnormalities 
and for picking up previously unrecognized anoma-
lies in patients with congenital scoliosis (Newton et 
al. 2002). The excision of hemivertebra is a techni-
cally challenging procedure and can be performed 
as an AP procedure or an isolated posterior proce-
dure, and the use of CT is very helpful in the op-
erative planning of these patients (Hedequist and 
Emans 2003). Most surgeons prefer MDCT with 3D 
reconstructions over planar CT in the pre-operative 
depiction of congenital scoliosis (Bush and Kalen 
1999).

Magnetic resonance imaging (MRI) is required 
in: (a) infantile and juvenile idiopathic scoliosis; (b) 
congenital bony anomalies; and (c) scoliosis associ-
ated with specifi c neurological or cutaneous abnor-
malities.

The prevalence of neural axis abnormalities, both 
in infantile and juvenile idiopathic scoliosis with a 
curve of more than 20 , is approximately 20% (Dobbs 

et al. 2002). These abnormalities include Chiari mal-
formations, syringomyelia, and, less frequently, spi-
nal or brain tumors. In adolescent idiopathic scoliosis 
MRI should be considered in case any of the follow-
ing warning signs are present (Reamy and Slakey 
2001): (a) severe pain; (b) a left thoracic curve; or (c) 
an abnormal neurological examination.

A more recent study indicates that pain as a sole 
indicator is not a reliable for detecting pathology 
(Davids et al. 2004). Atypical curve pattern most 
frequently is the only indicator of abnormal MRI 
fi ndings. This includes left thoracic curve, short 
segment scoliosis (four to six levels), decreased ver-
tebral rotation, absence of thoracic apical segment 
lordosis, and rapid progression (Davids et al. 2004). 
Other curve patterns are also associated with an in-
creased incidence of neural axis abnormalities, in-
cluding left thoracic, double thoracic, triple, and a 
long right thoracic curve with end vertebra caudal 
to T12, and with a high or low apex and/or end ver-
tebra, especially in males and patients with a nor-
mal to hyperkyphotic thoracic spine (Spiegel et al. 
2003). Patients with severe curves despite skeletal 
immaturity and an abnormal neurological exami-
nation have a signifi cant probability of neurogenic 
lesions (Morcuende et al. 2004) (Table 4.3).

Spinal cord abnormalities are seen in 3% of pa-
tients with adolescent idiopathic scoliosis and in-
clude mainly syringomyelia and, less frequently, 
Chiari malformations (Hausmann et al. 2003). 
Whether pre-operative MRI in all patients with ado-
lescent idiopathic scoliosis is routinely indicated re-
mains controversial (Do et al. 2001; Hausmann et al. 
2003). The role of specialized imaging in extremely 
severe scoliosis remains unclear. The MR screening 
of all patients with scoliosis is not indicated.

Table 4.3. Curves associated with neurogenic lesions: indica-
tions for magnetic resonance imaging

Left thoracic curve

Double thoracic

Triple

Short-segment scoliosis (four to six levels)

Decreased vertebral rotation

Absence of thoracic apical segment lordosis

Rapid progression

Long right thoracic curve with end vertebra caudal to T12, 
and with a high or low apex and/or end vertebra

Severe curves despite skeletal immaturity

Fig. 4.9. The lateral to medial ossifi cation of the iliac crest oc-
curs in a predictable fashion over an 18- to 24-month period. 
Risser 0 is the absence of ossifi cation, stages 1–4 correspond 
to partial ossifi cation, and Risser 5 indicates the fusion of 
the fully ossifi ed apophysis to the ilium
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4.8 
Treatment

4.8.1 

Non-Operative Treatment (Braces)

In growing children a spinal orthosis (brace) is 
indicated when a curve progresses to 25–30 . Also 
lesser curves, but with an annual growth of more 
than 5 , are an indication for bracing. Only in pa-
tients with substantial remaining spinal growth 
(Risser 3 or less) are braces used. The upper limit 
of curves manageable with braces is 45 . Even in the 
most cooperative patients the fi nal result of brace 
treatment is the maintenance of the curve degree 
at the level of the start of bracing. Braces should 
be used 23 h/day, usually for several years, until 
the curve is stabilized. Generally, the brace should 
be worn at night until skeletal maturity is reached 
(Risser 5 or no spinal growth for 18 months). Curve 
progression can be limited to < 5  in 75% of pa-
tients, compared with 35% in a comparable non-
treated group.

4.8.2 

Surgical Treatment

In general, curves > 45  in patients with remain-
ing spinal growth should be corrected surgically. 
Corrective instrumentation (rods) in combination 
with arthrodesis (strength) is the best method for 
achieving long-term results.

The typical posterior spinal approach comprises 
the Harrington instrumentation. It consists of a dis-
traction rod with hooks at either end and a threaded 
compression rod attached to the transverse pro-
cesses on the convex side of the curve. This original 
concept corrected scoliosis at the cost of a decreased 
thoracic kyphosis. This system was subsequently 
modifi ed with different systems.

The Cotrel-Dubousset system is more recent 
(1980s) and uses a multihook concept that al-
lows distraction and compression on the same rod 
(Fig. 4.10). Many of these systems can be attached 
with hooks, wires, and/or pedicle screws.

Anterior spinal instrumentation is a newer tech-
nique with several systems on the market [Dwyer, 
Zielke, Texas Scottish Rite Hospital (TSRH), Kane-
da, etc.]. Initially it was primarily used for the cor-
rection of lumbar or thoracolumbar scoliosis, but it 

is presently also utilized in the thoracic region. It 
can also be helpful in a combination anterior and 
posterior approach, especially for curves > 75 , and 
also in younger patients.

The correct surgical technique depends on the 
curve pattern as explained previously. For example, 
in the idiopathic right thoracic curve pattern (Lenke 
type 1) posterior spinal instrumentation and fusion 
of the thoracic curve is common. The segment to be 
fused should be as short as possible, yet long enough 
to minimize residual imbalance or progression. The 
lowest hook is attached above the level where the 
central vertical sacral line bisects the spine. Shorter 
fusions are possible with anterior instrumentation, 
including all vertebrae in the measured Cobb angle. 
In a double thoracic curve (Lenke type 2) instru-
mentation is often extended up to T1 or T2. Different 
schemes exist for other patterns.

Although instrumentation generally achieves 
good to excellent improvement of the Cobb angle, 
there are confl icting reports on the long-term func-
tional results such as low back pain. Complications 

Fig. 4.10a,b. Same patient as in Figure 4.7. Instrumentation 
with a mix of rods with pedicle screws and hooks. This Co-
trel-Dubousset system is fairly recent (1980s) and uses a mul-
tihook concept that allows distraction and compression on 
the same rod. Many of these systems can be attached with 
hooks, wires, and/or pedicle screws

ba
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range from blood loss over hardware failures to neu-
rological injury.

In congenital scoliosis the curves tend to be short 
with little fl exibility and do not show substantial re-
sponse to brace treatment. Progressive congenital 
scoliosis is therefore generally treated with surgery.
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steps on how individual care providers can practice 
evidence-based medicine: (1) ask clinical questions 
that you can answer, (2) search for the best evidence, 
(3) critically appraise the evidence, (4) apply the evi-
dence in care for your patient, and (5) self-evalua-
tion (of the above steps). Although this seems very 
reasonable, it is probably impossible for individual 
care providers to search for and critically appraise 
the evidence. At present, there are more than 2 mil-
lion new articles published every year. It will be 
impossible for individual care providers to fi nd all 
relevant studies on a specifi c clinical topic and to 
critically appraise these studies. Most care providers 
will lack time to perform comprehensive literature 
searchers and lack adequate methodological skills 
to conduct the critical appraisal. Systematic reviews 
help care providers overcoming these problems. Re-
views in which all available studies have been criti-
cally appraised and summarized in a systematic, 
transparent and reproducible way are probably the 
best available source of evidence. Clinical guidelines 
that have been based on such systematic reviews 
may further help in closing the gap between research 
and practice.

Many randomized controlled trials (RCTs) have 
been conducted and published on conservative 
and complementary treatments for non-specific 
low back pain. A substantial number of system-
atic reviews have also been published, in which 
the evidence from these trials have been summa-
rized (van Tulder and Koes 2003a,b). Recently, 
the evidence from trials and reviews have formed 
the basis for clinical practice guidelines on the 
management of low back pain that have been de-
veloped in various countries around the world 
(Koes et al. 2001). This chapter on evidence-based 
medicine for low back pain provides an overview 
of the evidence on diagnosis and treatment of 
non-specific low back pain and summarizes how 
this evidence has been translated into guideline 
recommendations. The chapter will start with de-
fining low back pain.

5.1 
Introduction

During the last decade, the importance of evidence-
based medicine has steadily gained ground. Sackett, 
in his landmark book published in 1997, defi ned 
evidence-based medicine as ‘conscientious, explicit 
and judicious use of current best evidence in mak-
ing decisions about care of individual patients’ 
( Sackett 1997). The evidence may refer to new or 
existing interventions and to preventive, diagnostic 
or therapeutic interventions. Sackett suggested fi ve 
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K E Y  P O I N T S

Evidence-based medicine (EBM)

Defi nition: ‘conscientious, explicit and judi-
cious use of current best evidence in making 
decisions about care of individual patients’ 
(Sackett 1997)

Many randomized controlled trials (RCTs) 
exist on conservative and complementary 
treatments for non-specifi c low back pain 
(LBP)

Many systematic reviews have been pub-
lished, in which the evidence from these 
trials has been summarized

The evidence from these trials and reviews 
has formed the basis for clinical practice 
guidelines on the management of LBP

Low back pain (LBP)

Defi nition: pain, muscle tension, or stiffness 
localized below the costal margin and above 
the inferior gluteal folds, with or without leg 
pain (sciatica)

May be classifi ed as:
‘Specifi c’

+/– 10% of the patients
Symptoms caused by a specifi c patho-
physiologic mechanism (e.g., HNP, infec-
tion, fracture, etc.)

‘Non-specifi c’
Vast majority of patients (up to 90%)
Symptoms without clear specifi c cause
Good prognosis; patients usually recover 
within weeks
Weak correlation with imaging abnor-
malities; many people without symptoms 
also show these abnormalities
According to duration classifi ed as acute, 
subacute, or chronic (different manage-
ment strategies)

“Red fl ags”

Diagnosis of non-specifi c LBP is made by 
excluding specifi c causes

Based on patient’s age and history, standard 
history taking (distribution and severity of 
the pain, relation with time and posture, 
etc.), and a standard physical examination 
(including a neurological examination) 
patients are categorized into three groups, 

�

�

�

�

�

�

�

�
–
•
•

–
•
•
•

•

•

�

�

�

so-called diagnostic triage
Serious spinal pathology
Nerve root pain/radicular pain
Non-specifi c LBP

Initial examination also makes it possible to 
outline a specifi c management strategy that 
matches the magnitude of the problem and 
may serve as a basis for credible information 
to the patient regarding diagnosis, manage-
ment, and prognosis and may help in reas-
suring the patient

EBM and history taking:

Poor sensitivity and specifi city for radicu-
lopathy and ankylosing spondylitis

Relatively high diagnostic accuracy for the 
combination of history and erythrocyte 
sedimentation rate in vertebral cancer

EBM and physical examination:

High sensitivity, but low specifi city for 
straight leg raising in the diagnosis of nerve 
root pain

Studies do not enable a valid evaluation of 
diagnostic accuracy of the straight leg rais-
ing test

EBM and diagnostic imaging:

X-ray fi ndings (disc space narrowing, osteo-
phytes, and sclerosis) are associated with 
non-specifi c LBP

Spondylolysis/listhesis, spina bifi da, 
transitional vertebrae, spondylosis, and 
Scheuermann’s disease did not appear to be 
associated with LBP

No evidence is found on the association 
between degenerative signs at the acute stage 
and the transition to chronic symptoms

Diagnostic imaging (radiography, CT, MRI, 
and isotope studies) 

Does not improve treatment of LBP in 
adults younger than 50 years of age with no 
signs or symptoms of systemic disease
Plain radiography and simple laboratory 
tests can almost completely rule out under-
lying systemic diseases in patients 50 years 
of age and older or those whose fi ndings 
suggest systemic disease
Advanced imaging should be reserved for 
patients who are considering surgery or 
those in whom systemic disease is strongly 
suspected

–
–
–
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�

�

�

�

�

�

�

�

�

�

�

–

–

–
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Systemic review on conservative treatment for 
acute and subacute LBP:

Faster recovery when advised to stay active 
or visiting back schools

Faster return to work in a multidisciplinary 
treatment setting

Better short-term pain relief for muscle 
relaxants and spinal manipulation

In patients with chronic LBP, systemic review 
on conservative treatment options demon-
strated:

Better pain relief with the use of antidepres-
sants and back schools

Moderate positive effect for behavioral 
therapy

Clinical guidelines (on treatment of acute LBP)

Should ensure that patients are treated 
according to the best available evidence and 
should lead to optimal patient outcomes

May differ from one country to another 
(possibly related to differences in health 
care systems, differences in membership of 
guidelines committees, etc.)

Aims at:
Providing adequate information, reassur-
ing the patient that LBP is usually not a 
serious disease and that rapid recovery is 
expected
Providing adequate symptom control, if 
necessary

�

�

�

�

�

�

�

�

�

�

�
–

–

Recommending staying as active as pos-
sible and returning to normal activities 
early, including work. Most guidelines 
do not recommend routine use of passive 
treatment modalities (bed rest, electrother-
apy, and massage, etc.) as single treatment. 
Most guidelines also do not recommend 
referral to secondary health care and rou-
tine X-ray examination

“COST B13”
European guidelines for the prevention, 
diagnosis, and treatment of non-specifi c 
low back pain
Ensuring an evidence-based approach 
through the use of systematic reviews and 
existing clinical guidelines
Enabling a multidisciplinary approach; 
stimulating collaboration between primary 
health care providers and promoting con-
sistency across providers and countries in 
Europe
Promoting implementation of these guide-
lines across Europe
European guidelines are available on www.
backpaineurope.org for:

1. Acute low back pain
2. Chronic low back pain
3. Prevention of low back pain
4. Pelvic girdle pain

–

�
–

–

–

–

–

•
•
•
•

5.2 
Low Back Pain

Low back pain is usually defi ned as pain, muscle 
tension, or stiffness localized below the costal mar-
gin and above the inferior gluteal folds, with or 
without leg pain (sciatica). Low back pain is typi-
cally classifi ed as being ‘specifi c’ or ‘non-specifi c’. 
Specifi c low back pain refers to symptoms caused 
by a specifi c patho-physiologic mechanism, such as 
hernia nucleus pulposus (HNP), infection, infl am-
mation, osteoporosis, rheumatoid arthritis, fracture 
or tumor. Only in about 10% of the patients specifi c 
underlying diseases can be identifi ed (Deyo et al. 
1992). The vast majority of patients (up to 90%) are 

labeled as having non-specifi c low back pain, which 
is defi ned as symptoms without clear specifi c cause, 
i.e., low back pain of unknown origin. Spinal ab-
normalities on plain fi lm and MR imaging are not 
strongly associated with non-specifi c low back pain, 
because many people without any symptoms also 
show these abnormalities (Jensen et al. 1994; van 

Tulder et al. 1997a).
Non-specifi c low back pain is usually classifi ed 

according to duration as acute (less than 6 weeks), 
subacute (between 6 weeks and 3 months) or chronic 
(longer than 3 months) (Frymoyer 1988). In gen-
eral, prognosis is good and most patients with an 
episode of non-specifi c low back pain will recover 
within a couple of weeks. However, back pain among 
primary care patients is often a recurrent problem 
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with fl uctuating symptoms. The majority of back 
pain patients will have experienced a previous epi-
sode and acute exacerbations of chronic low back 
pain are common (von Korff and Saunders 1996). 
The management of acute, subacute and chronic low 
back pain differs.

5.3 
Diagnosis

The diagnosis of non-specifi c low back pain is based 
on the exclusion of relevant specifi c causes. When 
searching for specifi c causes, the physician should 
fi rst focus on features of serious spinal pathology 
(so called red fl ags, Table 5.1). Such pathology may 
be suspected primarily on the basis of history and 
physical examination and can be confi rmed with 
additional diagnostic procedures. However, in most 
cases of acute low back pain it is not possible to ar-
rive at a diagnosis based on detectable pathological 
changes. Several classifi cation systems of diagnosis 
have been suggested, in which low back pain is cat-
egorized based on, for example, pain distribution, 
pain behavior, functional disability, and clinical 
signs. However, none of these systems of classifi ca-
tion have been critically validated. A simple and 
practical classifi cation, which has gained interna-
tional acceptance, divides acute low back pain into 
three categories – the so-called diagnostic triage:

Serious spinal pathology
Nerve root pain/radicular pain
Non-specifi c low back pain

The priority in the examination procedure fol-
lows this line of clinical reasoning. Firstly, the 
patient’s age and history should be considered. 
Secondly, a standard history taking should in-
clude considering the distribution and severity of 
the pain and the relation with time and posture. 
Thirdly, a standard physical examination is con-
ducted including inspection of posture and move-
ment, and local anatomical derangements, assess-
ment of spinal tenderness on percussion over the 
spinal processes, or axial pressure and palpation of 
the abdomen. In some patients nerve root disorders 
may be suspected on the basis of pain distribution 
and pattern. Then, provocation of pain on cough-
ing, sneezing or straining, weakness, sensory loss 
and miction disturbance (decreased feeling during 
urinary passage, incontinence) should be asked 
for. Also, the diagnostic process should include a 
neurological examination looking for typical ra-
diating pain in the leg during straight leg raising 
(SLR), and antefl exion, paresis (at least requesting 
the patient to walk on toes and heels), and refl ex 
disturbance.

The initial examination also serves other impor-
tant purposes besides reaching a ‘diagnosis’. Through 
a thorough history taking and physical examination, 
it is possible to evaluate the degree of pain and func-
tional disability. This enables the health care profes-
sional to outline a management strategy that matches 
the magnitude of the problem. Finally, the careful 
initial examination serves as a basis for credible in-
formation to the patient regarding diagnosis, man-
agement and prognosis and may help in reassuring 
the patient.

5.3.1 

History Taking

One systematic review of nine studies evaluated the 
accuracy of history in diagnosing low back pain in 
general practice (van den Hoogen et al. 1995). The 
review found that history taking does not have a 
high sensitivity and high specifi city for radiculopa-
thy and ankylosing spondylitis. The combination 
of history and erythrocyte sedimentation rate had 
a relatively high diagnostic accuracy in vertebral 
cancer.

�
�
�

Table 5.1. ‘Red fl ags’: warning signs and symptoms indicating 
an increased likelihood of serious spinal pathology

Age of onset <20 or >55 years

Violent trauma

Constant progressive, non mechanical pain 
  (no relief with bed rest) 

Thoracic pain

Past medical history of malignant tumor 

Prolonged use of corticosteroids

Drug abuse, Immunosuppression, HIV

Signs of systemic disease

Unexplained weight loss 

Widespread neurology 
  (including cauda equina syndrome) 

Structural deformity

Fever
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5.3.2 

Physical Examination

One systematic review of 17 studies found that the 
pooled diagnostic Odds Ratio for SLR for nerve 
root pain was 3.74 (95% CI 1.2–11.4); sensitivity for 
nerve root pain was high (1.0–0.88), but specifi c-
ity was low (0.44–0.11) (Deville et al. 2000). All 
included studies were surgical case series at non-
primary care level. Most studies evaluated the di-
agnostic value of SLR for disc prolapse. The pooled 
diagnostic Odds Ratio for the crossed straight leg 
raising test was 4.39 (95% CI 0.74–25.9); with low 
sensitivity (0.44–0.23) and high specifi city (0.95–
0.86). The authors concluded that the studies do 
not enable a valid evaluation of diagnostic accu-
racy of the straight leg raising test (Deville et 
al. 2000).

5.3.3 

Diagnostic Imaging

One systematic review was found that included 31 
studies on the association between plain fi lm ab-
normalities of the lumbar spine and non-specifi c 
low back pain (van Tulder et al. 1997a). The results 
showed that degeneration, defi ned by the presence 
of disc space narrowing, osteophytes and sclerosis, 
is consistently and positively associated with non-
specifi c low back pain with Odds Ratios ranging 
from 1.2 (95% CI 0.7–2.2) to 3.3 (95% CI 1.8–6.0). 
Spondylolysis/listhesis, spina bifi da, transitional 
vertebrae, spondylosis and Scheuermann’s disease 
did not appear to be associated with low back pain. 
There is no evidence on the association between de-
generative signs at the acute stage and the transition 
to chronic symptoms.

A recent review of the diagnostic imaging litera-
ture (magnetic resonance imaging, radionuclide 
scanning, computed tomography, radiography) 
concluded that for adults younger than 50 years of 
age with no signs or symptoms of systemic disease, 
diagnostic imaging does not improve treatment of 
low back pain. For patients 50 years of age and older 
or those whose fi ndings suggest systemic disease, 
plain radiography and simple laboratory tests can 
almost completely rule out underlying systemic dis-
eases. The authors concluded that advanced imag-
ing should be reserved for patients who are consid-
ering surgery or those in whom systemic disease is 
strongly suspected (Jarvik and Deyo 2002).

A recent randomised controlled trial (RCT) of 
380 patients aged 18 years or older whose primary 
physicians had ordered that their low back pain be 
evaluated by radiographs determined the clinical 
and economic consequences of replacing spine ra-
diographs with rapid MRI (Jarvik et al. 2003). Al-
though physicians and patients preferred the rapid 
MRI, there was no difference between rapid MRIs 
and radiographs in outcomes for primary care pa-
tients with low back pain. The authors concluded 
that substituting rapid MRI for radiographic evalu-
ations in the primary care setting may offer little 
additional benefi t to patients, and it may increase 
the costs of care because of the increased number of 
spine operations that patients are likely to undergo.

5.4 
Treatment

Various health care providers may be involved in 
the treatment of low back pain in primary care. 
Although there may be some variations between 
countries, general practitioners, physiotherapists, 
manual therapists, chiropractors, exercise thera-
pists, McKenzie therapists, orthopaedic surgeons, 
neurologists/neurosurgeons, rheumatologists and 
others, may all be involved. The primary care phy-
sician has a central role in the management of non-
specifi c low back pain. The therapeutic management 
of specifi c spinal disorders is generally the domain 
of medical specialists. It is important that informa-
tion and treatment are consistent across professions, 
and that health care providers closely collaborate 
with each other.

Within the framework of the Cochrane Back Re-
view Group systematic reviews of RCTs on therapeutic 
interventions for back pain are promoted, conducted, 
and disseminated (Bombardier et al. 1997; Bouter 

et al. 2003). In 1997, the Cochrane Back Review Group 
developed and published method guidelines for sys-
tematic reviews in this fi eld. These method guidelines 
have recently been updated (van Tulder et al. 2000a). 
The aim of these method guidelines is to improve the 
quality of reviews, to facilitate comparison across 
reviews, and to enhance consistency among review-
ers. The evidence on treatment of acute and chronic 
low back pain is summarized below. Cochrane and 
other systematic reviews are used and a recent edi-
tion of Clinical Evidence, in which these reviews have 
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been updated with additional trials (van Tulder and 

Koes 2003b,c). The evidence from systematic reviews 
on acute and subacute low back pain is summarized 
in Table 5.1 and on chronic low back pain in Table 5.2. 
Due to the heterogeneity of trials with regard to 

population, intervention, comparison and outcomes 
included, most Cochrane reviews did not perform a 
meta-analysis. Consequently, overall estimates of the 
effect of each treatment modality are not provided. In 
general, effects are small.

Table 5.2. Effectiveness of systematic reviews on conservative treatment for acute and subacute low back pain

Systematic reviewa No. of 
trials

Comparison Results

Advise to stay active

Waddell et al. 1997 2 Bed rest Faster recovery

7 Usual care Faster recovery, less chronic disability, less 
health care use, faster return to work

Hilde et al. 2002 4 Bed rest Inconsistent fi ndings; small benefi cial effects on 
functional status, sick leave

Analgesics

Van Tulder et al. 1997b 0 Placebo

3 NSAIDs No difference in pain intensity

Back exercises

Van Tulder et al. 2000 8 Other treatment No differences in pain intensity, functional 
status, overall improvement

4 Inactive or no treatment No differences in pain intensity, functional status

Back schools

Van Tulder et al. 1999 2 ‘Placebo’/no treatment Faster recovery, no difference in pain relief, 
better physical outcomes

2 Other treatments Not more effective 

Bed rest

Hagen et al. 2000 4 Advise to stay active Inconsistent fi ndings

2 Short vs long bed rest No differences

2 Exercises No differences in pain intensity, functional status

Behavioural therapy

Van Tulder et al. 1997b 1 Usual care Better on pain drawings, claimed impairment

Epidural steroid injections

Koes et al. 1999 2 Lidocaine, bupivacaine Inconsistent fi ndings

1 Saline No difference in proportion of people improved

Massage

Furlan et al. 2002 1 Spinal manipulation No difference in pain

Multidisciplinary treatment

Karjalainen et al. 2001 2 Usual care Faster return to work, fewer sick leaves, allevi-
ates disability

Muscle relaxants

Van Tulder et al. 2003 1 Benzodiazepines vs. placebo Better short-term pain relief and overall 
improvement
Note: more CNS side effects

8 Non-benzodiazepines vs. pla-
cebo

Better short-term pain relief and overall 
improvement
Note: more CNS side effects

2 Anti-spasticity drugs vs. placebo Better short-term pain relief
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Systematic reviewa No. of 
trials

Comparison Results

NSAIDs

Van Tulder et al. 2000 9 Placebo Inconsistent fi ndings on pain relief; better 
global improvement; less analgesic use

6 Other drugs No differences

3 Paracetamol/acetaminophen Inconsistent fi ndings on pain relief

Spinal manipulation

Assendelft et al. 2003 1 Sham Better short-term pain relief; no difference in 
function

3 General practitioner care No differences in pain, function

5 Physical therapy or exercise No differences in pain, function

7 Ineffective therapies Better short-term pain relief

2 Back school No differences in pain, function

Traction

Van der Heijden et al. 1995 2 Placebo No difference in global improvement

2 Other treatment Inconsistent fi ndings

a Cochrane review if available, otherwise most recent systematic review; two reviews are included on advice to stay active, 
because the Cochrane review had defi ned advice to stay active as single treatment and Waddell et al. (1997) used a broader 
defi nition and consequently included more trials

5.4.1 

Acute and Subacute Low Back Pain

Acupuncture: A Cochrane review did not fi nd any 
RCTs of acupuncture specifi cally in people with 
acute low back pain (van Tulder et al. 1999).
Advice to stay active: Two systematic reviews 
(one Cochrane review) and two subsequent RCTs 
(total of eight RCTs) found that advice to stay 
active versus advice to rest in bed or bed rest sig-
nifi cantly increased the rate of recovery, reduced 
pain, reduced disability, and reduced time spent 
off work (Hilde et al. 2003; Waddell et al. 1997; 

Hagen et al. 2000; Rozenberg et al. 2002).
Analgesics (paracetamol, opioids): We found no 
placebo controlled RCTs. Systematic reviews of 
three RCTs have found no consistent difference 
with analgesics versus non-steroidal anti-infl am-
matory drugs in reducing pain (van Tulder et 
al. 1997b).
Back exercises: A Cochrane review and two addi-
tional RCTs (total of 14 RCTs) have found either 
no signifi cant difference with back exercises 
versus other conservative treatments (for exam-
ple, manual therapy and analgesics) or inactive 
treatments (for example, detuned ultrasound) in 
pain or disability, or have found that back exer-
cises increase pain or disability (Chok et al. 1999; 

Hides et al. 1996; van Tulder et al. 2000a).

�

�

�

�

Back schools: Back school techniques vary 
widely, but essentially consist of repeated ses-
sions of instruction about anatomy and function 
of the back and isometric exercises to strengthen 
the back. A Cochrane review of four RCTs found 
limited evidence that back schools versus placebo 
increased rates of recovery and reduced sick leave 
in the short term. The review found no signifi cant 
difference in outcomes with back school versus 
physiotherapy, and found that a mini back school 
of one 45-min session versus McKenzie exercises 
increased pain and sick leave (Van Tulder et al. 
2000b). McKenzie exercises use self-generated 
stresses and forces to centralize pain from the 
legs and buttocks to the lower back. This method 
emphasizes self care.
Bed rest: A Cochrane review of eight RCTs have 
found that bed rest could be worse than no treat-
ment, advice to stay active, back exercises, phys-
iotherapy, spinal manipulation, or non-steroidal 
anti-infl ammatory drugs (Hagen et al. 2003). 
Adverse effects of bed rest include joint stiffness, 
muscle wasting, loss of bone mineral density, 
pressure sores, and venous thromboembolism.
Behavioural therapy: A Cochrane review includ-
ing one RCT on acute low back pain, found that 
cognitive behavioral therapy versus analgesics 
and exercises reduces acute low back pain and 
disability (van Tulder 1997b). One additional 

�

�

�
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RCT showed better pain relief compared with 
electromyographic biofeedback for patients with 
acute sciatica and a high risk for chronicity 
(Hasenbring et al. 1999).
Epidural steroid injections: A systematic review 
included two RCTs on acute low back pain (Koes 
et al. 1999). One RCT found that epidural steroids 
versus subcutaneous lidocaine (lignocaine) injec-
tions increased the proportion of people who were 
pain free after 3 months. A second RCT found no 
signifi cant difference in the proportion of people 
cured or improved with epidural steroids versus 
epidural saline, epidural bupivacaine, or dry nee-
dling.
Massage: A Cochrane review found insuffi cient 
evidence from one RCT about the effects of mas-
sage compared with spinal manipulation or elec-
trical stimulation (Furlan et al. 2002).
Multidisciplinary treatment programs: A 
Cochrane review in people with subacute low back 
pain found limited evidence that multidisciplinary 
treatment, including a workplace visit, versus usual 
care by the attending physician reduced sick leave 
(Karjalainen et al. 2001).
Muscle relaxants: A Cochrane review of nine RCTs 
have found that muscle relaxants versus placebo 
improve symptoms (including pain and func-
tion), but found no signifi cant difference in out-
comes among muscle relaxants. Adverse effects in 
people using muscle relaxants were common and 
included dependency, drowsiness, and dizziness 
(van Tulder et al. 2003a–c).
Non-steroidal anti-infl ammatory drugs: A 
Cochrane review of 25 RCTs and two additional 
RCTs have found that non-steroidal anti-infl am-
matory drugs versus placebo signifi cantly increase 
the proportion of people with overall improve-
ment after 1 week and signifi cantly reduce the 
proportion of people requiring additional analge-
sics. No signifi cant difference was found in pain 
relief with non-steroidal anti-infl ammatory drugs 
versus each other or versus other treatments 
(paracetamol, opioids, muscle relaxants, and non-
drug treatments) (Laws 1994; Pohjalainen et al. 
2000; van Tulder et al. 2000c).
Spinal manipulation: A systematic review of 16 
RCTs on acute and subacute low back pain found 
that spinal manipulation versus sham therapy sig-
nifi cantly decreases pain but not function. Spinal 
manipulation was not more or less effective than 
general practitioner care, analgesics, physical ther-
apy, exercises or back school (Assendelft 2003). 
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Traction: A systematic review of two RCTs found 
confl icting evidence on the effects of traction 
(van der Heijden 1995).
Electromyographic biofeedback, lumbar sup-
ports, temperature treatments (short wave dia-
thermy, ultrasound, ice, heat), transcutaneous 
electrical nerve stimulation: We found neither 
systematic reviews nor randomised controlled 
trials on the effects of these interventions for 
acute low back pain.

5.4.2 

Chronic Low Back Pain

Acupuncture: We found confl icting evidence from 
two systematic reviews (one Cochrane review) and 
two subsequent RCTs about effects of acupuncture 
compared with placebo or no treatment ( Carlsson 
and Sjölund 2001; Cherkin et al. 2001; Ernst and 
White 1998; van Tulder et al. 1999).
Analgesics: One RCT found that tramadol versus 
placebo decreased pain and increased functional 
status. A second RCT found that paracetamol 
versus difl unisal increased the proportion of 
people who rated the treatment as good or excel-
lent (van Tulder et al. 1997b).
Antidepressants: One systematic review and six 
additional RCTs have found that antidepressants 
versus placebo provided signifi cantly better pain 
relief, but have found no consistent difference in 
functioning or depression. Additional RCTs have 
found confl icting results on pain relief with anti-
depressants versus each other or versus analgesics 
(Atkinson et al. 1998, 1999; Dickens et al. 2000; 
Hameroff et al. 1982, 1984; Salerno et al. 2002; 
Treves et al. 1991).
Back schools: A Cochrane review and one subse-
quent RCT have found that, in occupational set-
tings, back schools versus no treatment improve 
short-term pain and reduce disability (van 

Tulder et al. 2000a; Dalichau et al. 1999). There 
were no long-term differences. There is confl ict-
ing evidence on the effects of back schools in pri-
mary or secondary care compared with waiting 
list controls.
Behavioural therapy: A Cochrane review has 
found that behavioral therapy reduces pain and 
improves functional status and behavioral out-
comes compared with no treatment, placebo, or 
waiting list control. The review found no sig-
nifi cant difference in functional status, pain, or 
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behavioral outcomes between different types of 
behavioral therapy, and found confl icting results 
with behavioral therapy versus other treatments 
(van Tulder et al. 2000b).
Electromyographic biofeedback: One systematic 
review has found no difference in pain relief or 
functional status between electromyographic bio-
feedback and placebo or waiting list control, but 
found confl icting results on the effects of elec-
tromyographic biofeedback compared with other 
treatments (van Tulder et al. 1997a–c).
Epidural steroid injections: A Cochrane review 
has found no signifi cant difference between epi-
dural steroid injections and placebo nor between 
epidural steroid injections and saline injections in 
pain relief after 6 weeks or 6 months (Nelemans 
et al. 2002). Most of these trials included patients 
with sciatica.
Exercise: A Cochrane review and nine additional 
RCTs have found that exercise improves pain and 
functional status compared with usual care by the 
general practitioner. RCTs have found confl icting 
evidence on the effects of different types of exer-
cise, or exercise compared with inactive treatments 
(Bendix et al. 1995, 1998; Hildebrandt et al. 2000; 
Friedrich et al. 1998;  Kankaanpaa et al. 1999; 
Kuukkanen and Malkia 2000;  Mannion et al. 
1999, 2001a,b; Soukup et al. 1999, 2001; O’Sullivan 
et al. 1997; van Tulder et al. 2000c).
Facet joint injections: A Cochrane review found 
no signifi cant difference in pain relief between 
facet joint injections and placebo or facet joint 
nerve blocks (Nelemans et al. 2002). Most of 
these trials included patients with sciatica.
Functional restoration: A Cochrane review has 
found that functional restoration programs with 
a cognitive behavioural approach plus physical 
training for workers with back pain reduced sick 
days but not the risk of being off work at 12 months 
compared with usual general practitioner care or 
with other interventions (Schonstein et al. 2003).
Local injections: A Cochrane review found that 
four out of fi ve trials indicated that injection 
therapy was more effective than placebo injection, 
irrespective of the medication used. However, the 
meta-analysis showed that there was no signifi -
cant difference in pain relief. Two trials did not 
show any differences between local injection with 
bupivacaine and lignocaine or bupivacaine and 
methylprednisolone (Nelemans et al. 2002). Most 
of these trials included patients with sciatica.
Lumbar supports: We found insuffi cient evidence 
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on the effects of lumbar supports (van Tulder et 
al. 2000d).
Massage: A Cochrane review found that massage 
combined with exercises and education is more 
effective than soft tissue massage only, remedial 
exercises and education only, and sham laser ther-
apy. The review found confl icting evidence about 
the effects of massage compared with other treat-
ments (Furlan et al. 2002).
Multidisciplinary treatment programs: A 
Cochrane review has found that intensive multi-
disciplinary biopsychosocial rehabilitation with 
functional restoration reduces pain and improves 
function compared with inpatient or outpatient 
non-multidisciplinary treatments or usual care. 
The review found no signifi cant difference between 
less intensive multidisciplinary treatments and 
non-multidisciplinary treatment or usual care in 
pain or function (Guzman et al. 2001).
Muscle relaxants: A Cochrane review found better 
short-term pain relief and overall improvement 
with muscle relaxants compared to placebo. One 
RCT found that adverse effects in people using 
muscle relaxants are common and include depen-
dency, drowsiness, and dizziness (van Tulder et 
al. 2003a–c).
Non-steroidal anti-infl ammatory drugs: A 
Cochrane review and two additional RCTs have 
found no signifi cant difference with non-steroi-
dal anti-infl ammatory drugs versus each other for 
symptom outcomes. One RCT found that naproxen 
versus placebo increased pain relief. Two RCTs 
found confl icting evidence on the effects of non-
steroidal anti-infl ammatory drugs versus other 
analgesics (Famaey et al. 1998; Veenema et al. 
2000; van Tulder et al. 2000c).
Spinal manipulation: One systematic review 
identifi ed 16 comparisons in 13 RCTs. The review 
found that spinal manipulation versus placebo 
did not improve pain and function (Assendelft 
et al. 2003).
Traction: One systematic review and two additional 
RCTs found no signifi cant difference between trac-
tion and placebo or between traction plus mas-
sage and interferential treatment in pain relief or 
functional status (Beurskens et al. 1995; van der 

 Heijden et al. 1995; Werners et al. 1999).
Transcutaneous electrical nerve stimulation: 
A Cochrane review found no signifi cant differ-
ence in pain relief and function between trans-
cutaneous electrical nerve stimulation and sham 
stimulation (Milne et al. 2002).
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Table 5.3. Effectiveness of systematic reviews on conservative treatment for chronic low back pain

Systematic reviewa No. of 
trials

Comparison Results

Acupuncture

Van Tulder et al. 1999 3 No treatment Confl icting evidence on pain relief and global 
improvement

8 Placebo/sham treatment Confl icting evidence on pain relief and global 
improvement

2 Conventional treatment Not more effective on pain relief and global 
improvement

Analgesics

Van Tulder et al. 1997b 1 NSAID No difference on pain intensity; fewer patients 
improved 

Antidepressants

Salerno et al. 2002 9 Placebo Better pain relief; no difference in activities of 
daily living; more adverse effects

Back schools

Van Tulder et al. 2000 5 Other treatments Better short-term effects on pain and functional 
disability; no long-term effects

6 Waiting list controls Confl icting evidence on short-term effects; no 
long-term effects

Behavioural therapy

Van Tulder et al. 2000 11 No treatment, waiting list con-
trols

Moderate positive effect on pain intensity and 
small positive effects on generic functional 
status and behavioral outcomes

2 Other treatments Graded activity better return to work than usual 
care; no difference between behavioral treat-
ment and exercise therapy

EMG biofeedback

Van Tulder et al. 1997b 3 Placebo, waiting list controls No difference in pain intensity and functional 
status. Note: very small sample sizes

Epidural steroid injections

Nelemans et al. 2002 4 Placebo No difference in pain relief

6 Pragmatic trials No difference in pain relief compared with 
saline injections

Exercise

Van Tulder et al. 2000 6 Inactive treatment/placebo Confl icting evidence on pain, functional status 
and overall improvement

3 Conventional physiotherapy No differences on pain intensity, functional 
status, overall improvement or return to work

3 Usual care by general practi-
tioner

Better pain relief, functional status and return 
to work

Facet joint injections

Nelemans et al. 2002 2 Placebo No difference in pain relief

1 Pragmatic trial No difference in pain relief between facet joint 
injections and facet blocks

Functional restoration

Schonstein et al. 2003 6 Usual care Reduction in duration of sick leave; no dif-
ference in proportion of patients off work at 
12 months

5 Other interventions Reduction in duration of sick leave; no differ-
ence in function
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Systematic reviewa No. of 
trials

Comparison Results

Local injections

Nelemans et al. 2002 5 Placebo No difference in pain relief

2 Pragmatic trials No difference in pain relief

Lumbar supports Note: very small sample size and poor method-
ological quality

Van Tulder et al. 2000 1 Lumbar support plus corset vs. 
corset alone

Better subjective but not objective index after 4 
and 8 weeks

Massage

Furlan et al. 2002 1 Inert treatment Better short-term pain; better short- and long-
term function

7 Other active treatment Worse immediate improvement in function and 
pain relief compared with spinal manipulation; 
better short-term function than acupuncture, 
self-care education and exercise; no differences 
in pain and no long-term differences.

Multidisciplinary treatment

Guzman 2002 10 Non-multidisciplinary treatment 
or usual care

Better improvement of pain and function; con-
fl icting evidence on vocational outcomes

Muscle relaxants

Van Tulder et al. 2003 3 Benzodiazepines vs. placebo Better short-term pain relief and overall 
improvement

3 Non-benzodiazepines vs. pla-
cebo

Better short-term overall improvement; confl ict-
ing evidence on pain relief

NSAIDs

Van Tulder et al. 1999 1 Placebo Better short-term pain relief. Note: small sample 
size; data in only graphs

1 Paracetamol/acetaminophen No difference in short-term pain relief; better 
overall improvement. Note: small sample size

Spinal manipulation

Assendelft et al. 2003 3 Sham No differences in pain, function

4 General practitioner care No differences in pain, function

2 Physical therapy or exercise No differences in pain, function

4 Ineffective therapies No differences in pain, function

3 Back school No differences in pain, function

TENS

Milne 2001 5 Placebo No differences in pain, function

Traction Note: most studies had small sample sizes and 
methodological fl aws in design and conduct 
which do not allow clear conclusions

Van der Heijden et al. 
1995

1 Placebo No difference in global improvement

2 Conservative treatment Better global improvement after 3–4 weeks

a Cochrane review if available, otherwise most recent systematic review.
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5.5 
Guidelines and Implementation

During the last decade, various clinical guidelines 
on the management of acute low back pain in pri-
mary care have been issued (Koes et al. 2001; van 

Tulder et al. 2004). At present, guidelines exist in 
at least 12 different countries: Australia, Denmark, 
Finland, Germany, Israel, the Netherlands, New 
Zealand, Norway, Sweden, Switzerland, the United 
Kingdom, and the United States. Since the avail-
able evidence is international, one would expect that 
each country’s guidelines would give more or less 
similar recommendations regarding diagnosis and 
treatment. Comparison of clinical guidelines for the 
management of low back pain in primary care from 
11 different countries showed that the content of 
the guidelines regarding the diagnostic classifi ca-
tion (diagnostic triage) and the use of diagnostic and 
therapeutic interventions is quite similar. However, 
there were also some discrepancies in recommen-
dations across guidelines (Koes et al. 2001). Differ-
ences in recommendations between guidelines may 
be due to incompleteness of the evidence, different 
levels of evidence, magnitude of effects, side effects 
and costs, differences in health care systems (or-
ganization/fi nancial), or differences in membership 
of guidelines committees. More recent guidelines 
may have included more recently published trials 
and, therefore, may end up with slightly different 
recommendations. Also, guidelines may have been 
based on systematic reviews that included trials 
in different languages; the majority of existing re-
views have considered only studies published in a 
few languages, and several, only those published 
in English. Recommendations in guidelines are not 
only based on scientifi c evidence, but also on con-
sensus. Guideline committees may consider various 
arguments differently, such as the magnitude of the 
effects, potential side effects, cost-effectiveness, and 
current routine practice and available resources in 
their country. Especially as we know that effects 
in the fi eld of low back pain, if any, are usually 
small and short-term effects only, interpretation of 
effects may vary among guideline committees. Also, 
guideline committees may differently weigh other 
aspects such as side effects and costs. The constitu-
tion of the guideline committee and the professional 
bodies they represent may introduce bias – either 
for or against a particular treatment. This does not 
necessarily mean that one guideline is better than 

the other or that one is right and the other is wrong. 
It merely shows that when translating the evidence 
into clinically relevant recommendations more as-
pects play a role, and that these aspects may vary 
locally or nationally. 

The development of clinical guidelines should 
ensure that patients are treated according to the 
best available evidence and should lead to optimal 
patient outcomes.

In general, the recommendations in the interna-
tional guidelines on acute low back pain are quite 
consistent. Treatment of acute low back pain aims 
at: (1) providing adequate information, reassuring 
the patient that low back pain is usually not a se-
rious disease and that rapid recovery is expected 
in most patients; (2) providing adequate symptom 
control, if necessary; and (3) recommending to stay 
as active as possible and to return to normal activi-
ties early, including work. An active approach is the 
best treatment option for acute low back pain. Most 
guidelines do not recommend routine use of passive 
treatment modalities (for example bed rest, ultra-
sound, electrotherapy and massage) as single treat-
ment, because they may increase the risk of illness 
behavior and chronicity. Most guidelines also do not 
recommend referral to secondary health care and 
routine plain fi lm imaging. 

To increase consistency in the management of 
non-specifi c low back pain across countries in Eu-
rope, the European Commission has approved a 
program for the development of European guide-
lines for the management of low back pain, called 
“COST B13”. The main objectives of this COST ac-
tion were:

Developing European guidelines for the preven-
tion, diagnosis and treatment of non-specifi c low 
back pain. 
Ensuring an evidence-based approach through 
the use of systematic reviews and existing clini-
cal guidelines.
Enabling a multidisciplinary approach; stimulat-
ing collaboration between primary health care 
providers and promoting consistency across pro-
viders and countries in Europe.
Promoting implementation of these guidelines 
across Europe.

Representatives from 13 countries participated in 
this project conducted between 1999 and 2004. The 
experts represented all relevant health professions 
in the fi eld of low back pain: anatomy, anaesthesiol-
ogy, chiropractice, epidemiology, ergonomy, general 
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practice, occupational care, orthopaedic surgery, 
pathology, physiology, physiotherapy, psychology, 
public health care, rehabilitation, and rheumatol-
ogy. Within this COST B13 project four European 
guidelines were developed on: (1) acute low back 
pain, (2) chronic low back pain, (3) prevention of 
low back pain, (4) pelvic girdle pain. The guidelines 
are available at www.backpaineurope.org.

Development and dissemination of guidelines 
does not automatically mean that health care pro-
viders will read, understand, and use the guidelines. 
Passive dissemination of information is generally 
ineffective and specifi c implementation strategies 
are necessary to establish changes in practice. Sys-
tematic reviews have shown that a clear and strong 
evidence base, clear messages, consistent messages 
across professions, clear sense of ownership, com-
munication with all relevant stakeholders, char-
ismatic leadership, continuity of care, continuous 
education, and continuous evaluation are successful 
ingredients for implementation of guidelines (Bero 
et al. 1998; Grol 1997; Grimshaw et al. 2001).

Guidelines should have a clear and strong evidence 
base and be based on systematic reviews. Guidelines 
that are not based on sound scientifi c evidence might 
effectively implement the wrong evidence. Also, there 
should be an explicit link between recommendations 
and evidence. Messages should be clear, specifi c, and 
unambiguous. Inconsistent recommendations across 
health professions may be confusing. Therefore, mes-
sages of the various health care providers involved 
in the management of low back pain should be con-
sistent. Communication with all relevant stakehold-
ers (patients, professional organizations, and policy 
makers) is also important for successful implemen-
tation. Guideline committees should include repre-
sentatives of all relevant stakeholders. Additionally, 
stakeholders should all have the opportunity to com-
ment on the guidelines before publication. In that 
way, stakeholders will have a clear sense of ownership 
of the guidelines. It is also important to realize that 
development, publication, dissemination, implemen-
tation, and evaluation of guidelines is a continuous 
process. Continuous evaluation of the evidence, the 
guidelines, and their implementation may result in 
improved implementation.

However, several barriers to implementation of 
guidelines have been identifi ed. The practice behav-
ior of health professionals may be infl uenced by a lack 
of knowledge, a shortage of time, disagreement with 
the guideline content, or reluctance from colleagues 
to adhere to the guideline. Furthermore, health pro-

fessionals may get lost in the large number of differ-
ent guidelines received. Priority in getting evidence 
into practice is identifying barriers to change be-
havior of health professionals. However, changing 
behavior is complex and diffi cult and interventions 
developed to change behavior of health profession-
als have shown only limited effects. Identifying ef-
fi cient implementation strategies to increase the up-
take of evidence-based guideline recommendations 
will be a major challenge for the future.
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6.1 
Introduction

The spinal column is a complex anatomical struc-
ture which is composed of vertebrae, intervertebral 
discs, and ligaments. All components undergo de-
generative changes and morphologic alterations 
during life (Prescher 1998). In this chapter we 
shall focus our attention on the intervertebral discs, 
which are also referred to as “intervertebral fi bro-
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cartilages”; the two terms can be used interchange-
ably (Warwick and Williams 1973). From the axis 
(C2) to the sacrum, the intervertebral discs are situ-
ated between the upper and lower endplates of adja-
cent vertebral bodies. They constitute the principal 
connections between the vertebrae, and have two 
main functions: to serve as shock absorbers, and to 
allow movement of the spinal column. Movement at 
a single disc level is limited, but all of the vertebrae 
and discs combined allow for a signifi cant range 
of motion (Inoue and Takeda 1975). All together, 
the intervertebral discs constitute approximately 
one-quarter of the length of the spinal column, not 
including the fi rst two vertebrae and the sacrum. 
The cervical and lumbar segments of the spine have, 
in proportion to their height, greater amounts of 
disc space width than the thoracic region; therefore, 
these parts of the spine are more fl exible and allow 
a greater freedom of movement.

The intervertebral disc is a highly organized ma-
trix structure (Roberts et al. 2006). It adheres to the 
thin layer of hyaline cartilage which covers the upper 
and lower endplates of the vertebral bodies. In the 
lower cervical spine, there are small joints lined by 
synovial membrane between the upper surfaces of 
the bodies and the margins of the fi brocartilages on 
either side (“uncovertebral joints”). The circumfer-
ence of the intervertebral discs is closely connected 
to the anterior and posterior longitudinal ligaments. 
In the thoracic region they are joined laterally, by 
means of the interarticular ligaments, to the heads 
of those ribs that articulate with two vertebrae.

Intervertebral discs vary in shape, size, and thick-
ness in different parts of the vertebral column. In 
shape and size they correspond with the surfaces of 
the bodies between which they are placed, except in 
the cervical region, where they are slightly smaller 
from side to side than the corresponding bodies. In 
thickness they vary not only in the different regions 
of the column, but in different parts of the same fi -
brocartilage; they are thicker in front than behind 
in the cervical and lumbar regions, and thus con-
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the notochord. In humans, these notochordal cells 
are eventually lost, either through apoptosis or ter-
minal differentiation, and are replaced by chondro-
cyte-like cells. However, there is some evidence that 
the notochordal cells may persist in at least some 
humans.

Under pressure, the highly elastic nucleus pulp-
osus becomes fl atter and broader and pushes the 
more resistant fi brous laminae of the annulus fi -
brosus outward in all directions. The annulus fi -
brosus constitutes the outer portion of the disc and 
is composed of multiple concentric layers (lamel-
lae) of fi brocartilage (Schiebler et al. 1991b). The 
outer lamellae (Sharpey’s fi bers) continue into the 
longitudinal ligaments and vertebral bodies. The fi -
bers of which each lamella is composed are directed 
obliquely from above downward (at 30º angles), with 
fi bers of adjacent lamellae running in opposite direc-
tions. In this way, the fi bers of one layer are directed 
across those of another (like a meshwork). This ar-
rangement creates a structure that is exceptionally 
strong, yet facilitates movement and fl exibility. In 
the outer half of the annulus the lamellae are closely 
approximated; near the center of the disc, the fi bers 
are somewhat more widely separated.

K E Y  P O I N T S

Plain X-ray fi lms are of limited use in the as-
sessment of degenerative disc disease, since 
early signs of degeneration cannot be seen.

Multi-detector row computed tomography 
(MDCT) provides excellent anatomic detail for 
the detection of disc herniation and nerve root 
compression.

Magnetic resonance imaging (MRI) is the 
method of choice to detect early signs of inter-
vertebral disc degeneration.

New functional MR imaging techniques im-
prove our diagnostic potential and may show 
intervertebral disc degeneration in an early 
stage in patients with pain.

A general classifi cation system and compre-
hensive nomenclature has been proposed by 
the Combined Task Forces (Table 6.1).

Annular tears (syn. annular fi ssures) are clas-
sifi ed as concentric, transverse or radial.

�

�

�

�

�

�

Complete radial tears predispose to extrusion.

Annular tears are recognizable as areas of 
high signal intensity on T2-weighted images 
or as foci of annular enhancement on Gd-en-
hanced T1-weighted images.

A bulging disc (also known as bulging annu-
lus) is not a herniation.

Bulges and protrusions are frequent in asymp-
tomatic individuals, extrusions are not.

Spontaneous regression of a herniated disc is 
common. Factors associated with a high prob-
ability of spontaneous regression are: free 
fragment herniation, high signal intensity on 
T2-weighted images, and herniations with pe-
ripheral contrast enhancement on T1-weighted 
images.

Reactive changes involving the vertebral end-
plates and adjacent bone marrow are classifi ed 
by Modic into 3 types: infl ammatory (type 1), 
fatty (type 2) and osteosclerosis (type 3) 
(Table 6.2).

�

�

�

�

�

�

tribute to the lordotic curvature (anterior convex-
ity) of these parts of the column; while they are of 
nearly uniform thickness in the thoracic region, the 
thoracic kyphotic curvature (anterior concavity) is 
almost entirely determined by the shape of the ver-
tebral bodies (Warwick and Williams 1973).

6.1.1 

Anatomical Structure of the Intervertebral Discs

The intervertebral disc is made up of two compo-
nents: the annulus fi brosus and the nucleus pulpo-
sus. The central gelatinous nucleus pulposus is sur-
rounded by the more collagenous annulus fi brosus 
and is located between the cartilage of the endplates 
superiorly and inferiorly (Roberts et al. 2006). Mac-
roscopically, the nucleus pulposus is soft, pulpy, 
highly elastic, and of a yellowish color (Schiebler 
et al. 1991a). The nucleus pulposus is composed pri-
marily of water, proteoglycans, and loose collagen 
fi bers. The water content of the nucleus decreases 
with age from about 90% at birth to about 70% by 
the fi fth decade (Schiebler et al. 1991b). Embryo-
logically, the nucleus pulposus is formed by cells of 
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detected. Recent evidence however appears to indi-
cate that three radiographic parameters (height loss, 
osteophytes and intradiscal calcifi cations) are sig-
nifi cantly correlated with the morphological degree 
of degeneration of human lumbar discs harvested 
from cadavers (Benneker et al. 2005b).

In the evaluation of degenerative disc disease, 
myelography and CT myelography have been sup-
planted by MRI and CT, which have few associated 
side-effects or morbidity, and which are noninvasive 
(Jackson et al. 1989). It has been demonstrated in a 
controlled prospective blinded study that both CT 
and MRI are signifi cantly more informative than 
myelography; therefore, CT or MRI should be the 
fi rst-choice diagnostic procedures for patients with 
suspected lumbar disc herniation (Albeck et al. 
1995).

Discography is a radiographic technique in which 
contrast medium is injected percutaneously into the 
central part of the intervertebral disc. The method 
allows evaluation of disc disease in two ways. First, 
the injection of contrast medium into the nucleus 
pulposus may provoke a pain sensation which re-
produces (or aggravates) the original pain pattern 
experienced by the patient (Vanharanta et al. 
1988a; Moneta et al. 1994; Tehranzadeh 1998). 
Pain provocation suggests disruption of the outer 
annulus fi brosus, and may provide the specifi city 
missing from the purely morphologic information 
that CT and MR imaging provides (Jarvik and 
Deyo 2000). Second, the contrast medium injected 
into the nucleus pulposus can reveal the exact loca-
tion of fi ssures and defects in the annulus fi brosus 
(Vanharanta et al. 1988b; Tehranzadeh 1998). 
Despite its merits, discography is an invasive and 
controversial procedure and its value remains under 
discussion (Bogduk and Modic 1996; Weishaupt 
et al. 2001). Proponents argue that discography is 
the only method that directly relates a radiographic 
image to the patient’s pain, and that it is the only 
modality that can detect the internal disc disrup-
tion syndrome (Guyer and Ohnmeiss 1995; Guyer 

et al. 2003). Some investigators use discography as a 
preoperative diagnostic test to identify painful discs 
(Bini et al. 2002) or before performing intradiscal 
electrothermal annuloplasty (IDET) (Karasek and 
Bogduk 2000). On the other hand, many authors 
recommend the procedure to be limited to a strictly 
scientifi c and prospective evaluation, and argue that 
there is no basis for the performance of discography 
in clinical medicine (Nachemson 1989; Bogduk 
and Modic 1996). The specifi city of discography is 

6.1.2 

Blood Supply to the Intervertebral Discs

At birth, and during (early) childhood, human in-
tervertebral discs have some blood supply within 
both the cartilage endplates and the annulus fi bro-
sus (Roberts et al. 2006). Beginning in the fi rst 
decade of life, the nutritive blood vessels in the 
endplates recede, leaving the disc with little direct 
blood supply in the healthy adult. At this point, dif-
fusion is the only source of nutrition to the discs 
(Rajasekaran et al. 2004). The process of diffusion 
from the vertebral body through the endplates to the 
disc can be shown by performing serial magnetic 
resonance imaging (MRI) studies after intravenous 
gadolinium chelate injection. Disturbances in dif-
fusion of a contrast agent to the intervertebral disc 
are correlated with endplate cartilage damage. With 
age and/or disease, calcifi cation of the vertebral end-
plates causes occlusion of the vascular openings in 
the osseous endplates, and a decreased size of the 
capillary buds. It has been suggested that the occlu-
sion of endplate openings, which contain vascular 
sources for the disc, may limit the transport of nu-
trients, leading to disc degeneration (Benneker et 
al. 2005a). When the supply of nutrients recedes, the 
disc begins to degenerate. With increasing age, wa-
ter is lost from the matrix (desiccation), and the pro-
teoglycan content diminishes (Roberts et al. 2006). 
The disc, and particularly the nucleus, becomes less 
gelatinous and more fi brous, which leads to shrink-
ing and loss of height. The spine’s range of motion 
and shock-absorbing ability are decreased.

6.1.3 

Imaging the Intervertebral Discs

There are many imaging modalities for assessing 
intervertebral discs (Herzog 1996). On plain X-ray 
fi lms of the spine, degenerative disc disease is char-
acterized by narrowing of the intervertebral space, 
endplate erosions with reactive osteosclerosis, for-
mation of osteophytes (which often involve the spi-
nal canal and foramina), intradiscal calcifi cations, 
and intradiscal gas (“vacuum phenomenon”). Due 
to its soft tissue nature, the normal intervertebral 
disc is not visualized on plain X-ray fi lms (unless it 
contains foci of calcifi cation or ossifi cation). There-
fore, it follows that plain X-ray fi lms have a limited 
role in the assessment of disc degeneration, since 
early degenerative changes within the disc cannot be 
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far from clear (Jarvik and Deyo 2000). Abnormal 
discography examinations have been reported in 
normal asymptomatic subjects (Walsh et al. 1990; 
Carragee et al. 2006). Moreover, discography has 
many disadvantages: it is invasive and time-con-
suming; it includes a potential risk of infection; 
and it involves a moderate dose of radiation (espe-
cially when combined with CT). Subjects with sig-
nifi cant emotional and chronic pain problems may 
have long-term back symptoms after discography, 
and these patients may present a false-positive pain 
provocation (Carragee and Alamin 2001). Discog-
raphy is therefore not recommendable as a screening 
technique and the results should be interpreted with 
great caution.

CT allows physicians to complement their clini-
cal diagnosis of low back pain with a detailed in 
vivo image of the structure and soft tissues of the 
spine. The importance of CT as a diagnostic tool in 
visualizing intervertebral discs has been further en-
hanced by the recent development of multi-detector 
row CT (MDCT) scanning. MDCT allows us to scan 
an entire “volume” of the vertebral column segment 
within seconds. The dataset can then be reformatted 
to provide images in axial, sagittal, coronal imag-
ing planes, or any combination thereof. An impor-
tant advantage of CT is the ability to distinguish 
soft tissues from bone changes (Modic et al. 1988a). 
However, due to the intrinsically limited soft tissue 
contrast resolution between various soft tissues, 
intradiscal structure can only be grossly evaluated 
and its sensitivity at the early phases of disc degen-
eration is poor. Intradiscal calcifi cations are easily 
recognized on CT (Fig. 6.1). Moreover, CT (and MRI 
for that matter) cannot reliably distinguish symp-
tomatic from incidental fi ndings (Haughton 2004). 
At present, CT is mainly applied to show nerve root 
compression caused by either intervertebral disc 
extrusion or spinal stenosis. MDCT is also useful 
to demonstrate reactive or secondary signs of de-
generation, such as calcifi cation, the vacuum phe-
nomenon and sclerosis of the adjacent intervertebral 
body (Modic et al. 1988a). Advantages of CT over 
MRI include imaging of claustrophobic patients and 
patients with underlying contraindications to MRI 
(e.g. patients with pacemakers). An important draw-
back of this method is the relatively high dose of ion-
izing radiation. 

MRI is the most sensitive imaging method for 
evaluating the intervertebral disc and has become 
the primary imaging modality for investigation of 
the spine (Parizel and Wilmink 1998). In addition 

to the noninvasive nature of this modality, MRI pro-
vides excellent anatomic detail of the spine thanks 
to its superb soft tissue contrast discrimination 
and multiplanar imaging capability (Parizel et al. 
2003).

Many different pulse sequences have been ap-
plied to MRI of the spine (Georgy and Hesselink 
1994). For the lumbar spine, our standard imaging 
protocol in degenerative disc disease consists of 
sagittal T1- and T2-weighted images, supplemented 
with axial T1- and T2-weighted images at selected 
levels (Morgan and Saifuddin 1999). Turbo spin 
echo (TSE) have supplanted conventional spin echo 
(SE) sequences, because of the improved image 
quality, superior spatial resolution, reduced motion 
artifacts and shorter acquisition times (Ross et al. 
1993). For the cervical and thoracic spine regions 
we use sagittal TSE T1- and T2-weighted images, 
with axial TSE T2- or gradient echo T2*-weighted 
images. Saturation slabs and motion compensation 
techniques are helpful to reduce artifacts. The use 
of paramagnetic contrast agents improves the sen-
sitivity and specifi city of MRI of the spine (Jinkins 
and Runge 1995). Fat suppression techniques can 
be used in conjunction with gadolinium-based con-
trast material to improve visualization of annular 
tears, as well as infl ammatory and neoplastic dis-
eases. Gadolinium chelates are especially useful 

Fig. 6.1. Intradiscal calcifi cation of a mid-thoracic disc in 
a 40-year-old woman. Axial CT scan after myelography. 
A focal dense calcifi cation is seen in the nucleus pulposus. 
Mild, incipient spondylotic changes are seen along the ante-
rior margin of the intervertebral disc space
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for distinguishing recurrent disc herniation from 
epidural scar tissue in the postoperative spine 
( Bradley 1999).

MRI yields exquisitely detailed images of disc 
herniation and root compression, but fails to dis-
tinguish clinically symptomatic fi ndings from those 
that are incidental (Haughton 2004). This limita-
tion has led to the development of newer MR-based 
techniques, such as:

Serial post-gadolinium MRI scans to assess the 
diffusion characteristics of lumbar interverte-
bral discs (Rajasekaran et al. 2004). The status 
of the endplate infl uences diffusion of a contrast 
agent to the center of the disc. Endplate cartilage 
damage increases with age and produces consid-
erable changes in diffusion.
Diffusion-weighted imaging with calculation of 
apparent diffusion coeffi cient maps to evaluate 
disc disease in an early phase (Kerttula et al. 
2000). Diffusion tensor microscopy imaging has 
been utilized to study the integrity of the fi bers in 
the annulus fi brosus (Hsu and Setton 1999).
Measuring changes in T2-relaxation values as a 
means to assess the water content and structure of 
intervertebral discs (Kerttula et al. 2001).
Magnetic resonance spectroscopy (MRS) of 
intervertebral discs to detect lactic acid, which 
increases in degenerative disc disease (Haugh-

ton 2004).
Dynamic imaging of the spine (e.g. during fl ex-
ion-extension or by using axial loading) to 
increase the sensitivity of MRI. The application 
of axial compression can cause narrowing of the 
spinal canal or the neural foramina (Saifuddin et 
al. 2003a). High intensity zones have been shown 
to develop on axial-loaded images of the lumbar 
spine (Saifuddin et al. 2003b).
Neurography. This term is used to describe signal 
intensity changes in spinal nerves and spinal nerve 
roots on T2-weighted images obtained with high-
resolution phased array surface coils (Grant et 
al. 2004).

6.2 
Nomenclature and Classifi cation of 
Degenerative Disc Disease

Ever since the initial description in 1934 by Mix-
ter and Barr of a “ruptured disc” with monora-

�

�

�

�

�

�

diculopathy (Mixter and Barr 1934), the termi-
nology to report and grade degenerative diseases 
of the spine has been surrounded by controversy 
and confusion (Milette 1997). In a recently pub-
lished literature review study based on a Medline 
search, the authors found as many as 42 different 
grading systems for assessing cervical or lumbar 
disc and facet degeneration (Kettler and Wilke 
2006). Different terminology is used by patholo-
gists, neurosurgeons, orthopedic surgeons, radi-
ologists, and neuroradiologists. The same terms 
are used with different defi nitions, which is highly 
confusing. Some nomenclature systems describe 
disc pathology based on the observed morphol-
ogy of the disc contour, whereas others take into 
account anatomical, clinical and pathological 
fi ndings. Defi nitions and concepts based on cross-
sectional imaging studies are different from those 
based on discography or myelography (Bogduk 
and Modic 1996). The lack of standardization in 
terminology contributes to a substantial interob-
server variability in the interpretation of imaging 
studies (Jarvik et al. 1996). In one study evaluating 
reader consistency in the interpretation of lumbar 
disc abnormalities, authors compared two differ-
ent nomenclatures (“normal/bulge/herniation” 
versus “normal/bulge/protrusion/extrusion”); they 
commonly found disagreements for normal versus 
bulge and between bulge versus herniation or pro-
trusion (Brant-Zawadzki et al. 1995). There is a 
dire need for a reliable and unambiguous terminol-
ogy to describe normal and pathologic conditions 
of intervertebral discs.

In 2001, the Combined Task Forces of the North 
American Spine Society, American Society of Spine 
Radiology, and American Society of Neuroradiology 
proposed a new nomenclature and consistent clas-
sifi cation system, intended for the reporting of im-
aging studies (Fardon and Milette 2001; Milette 
2001). The focus of this document is on the lumbar 
spine, though certain terms and defi nitions can be 
extrapolated to the cervical and thoracic spine. The 
diagnostic categories and subcategories are based 
on pathology. The general classifi cation of disc le-
sions is given in Table 6.1 (Milette 2000). There 
are, however, other classifi cation systems in use 
which are based on the three-joint complex: the in-
tervertebral disc (anterior column of the spine) and 
the two facet joints (posterior column) (Thalgott 
et al. 2004). In this chapter, we shall follow the gen-
eral classifi cation of disc lesions as proposed by the 
Combined Task Forces.
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6.3 
The Normal Intervertebral Disc, Including 
Age-Related Changes

In the Combined Task Forces nomenclature, the 
term “normal” is reserved for young discs that are 
morphologically normal, without signs of disease, 
trauma, or aging. The clinical context is not taken 
into account. This strict defi nition implies that 
many clinically asymptomatic normal people have 
morphologically abnormal discs. 

However, the “normal” appearance of an inter-
vertebral discs is age-related, because of the marked 
anatomical and biochemical changes which occur 
within the disc over time. This results in a variable 
appearance on MRI (Sether et al. 1990).

In infants and young children, the intervertebral 
disc is prominent relative to the volume of the ad-
jacent vertebral bodies; with increasing age, its vol-
ume decreases. The transition between the nucleus 
pulposus and the annulus fi brosus is relatively sharp 
in a young disc and becomes less distinct with age 
(Yu et al. 1988).

In young adults, the normal intervertebral disc 
does not extend beyond the interspace on transverse 
CT or MRI scans. The disc contour coincides with 
the margin of the adjacent vertebral endplates. On 
MRI, the normal adult disc presents an intermediate 
to low signal intensity on T1-weighted images and a 
high signal intensity on T2-weighted images, when 
compared to the bone marrow in the adjacent verte-
bral bodies (Yu et al. 1988; Morgan and Saifuddin 
1999). On T2-weighted MRI scans the normal bright 
nucleus pulposus and the inner annulus are indis-
tinguishable (Schiebler et al. 1991b). Normal adult 

endplates and ligamentous structures as well as the 
outer annulus fi brosus have low signal intensities 
on both T1- and T2-weighted images. The outer an-
nulus, which contains densely packed fi bers, is hy-
pointense on all pulse sequences and is optimally 
demonstrated on T2-weighted images (Morgan 
and Saifuddin 1999). In young adults, there are 
statistically signifi cant diurnal T2 relaxation value 
changes in the normal lumbar intervertebral discs; 
after the age of 35 years the diurnal T2 value changes 
in the normal discs disappear and this is thought to 
be an aspect of aging, not caused by degeneration 
Karakida et al. 2003).

As early as in the third decade, a horizontal band 
of decreased signal intensity on T2-weighted sagittal 
images develops in the central part of the disc ( Aguila 
et al. 1985). This is called the intranuclear cleft, and 
it represents a fi brous transformation of the gelati-
nous matrix of the nucleus pulposus ( Schiebler et 
al. 1991a). Due to the development of the intranuclear 
cleft, the normal adult nucleus presents a bilocular 
appearance on sagittal T2-weighted scans, and this 
is considered a sign of normal maturation.

In middle-aged and elderly subjects, the bright 
signal intensity of the intervertebral discs on T2-
weighted images gradually decreases, until the discs 
become hypointense (Modic and Herfkens 1990). 
T2-weighted scans are best suited for detecting de-
generative discs. There is a signifi cant correlation 
between the decrease in signal intensity and age 
(Sether et al. 1990). The loss of signal intensity is 
concomitant with a decrease in water and proteogly-
can content, and an increase in collagen in the disc 
(Sether et al. 1990). With aging, the disc undergoes 
a process of desiccation: the nucleus pulposus dries, 
becomes less elastic, and the amount of collagen in 
the disc increases. The T2-signal intensity of the in-
tervertebral disc is highly signifi cantly correlated 
with the water and proteoglycan content (Benneker 
et al. 2005b). Though the decrease in T2-signal in-
tensity is an age-related physiologic phenomenon, it 
predisposes the discs to degenerative changes, such 
as loss of disc height, annular tears and disc hernia-
tion (Fig. 6.2). Calculated T2 relaxation times can 
be used as a continuous measure of intervertebral 
disc degeneration (Perry et al. 2006). Within the 
disc, there are variations in T2 relaxation times: the 
highest T2 values are found in the nucleus pulpo-
sus near the vertebral endplates and lower T2 values 
are encountered in the intranuclear cleft region and 
peripheral annulus fi brosus, refl ecting the fi brous 
nature of these structures.

Table 6.1. General classifi cation of disc lesions

� Normal (excluding aging changes)
� Congenital/developmental variant
� Degenerative/traumatic lesion

� Anular tear
� Herniation

� Protrusion/extrusion
� Intravertebral

� Degeneration
� Spondylosis deformans
� Intervertebral osteochondrosis

� Infl ammation/infection
� Neoplasia
� Morphologic variant of unknown signifi cance
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There remains, however, considerable confusion 
regarding what constitutes normal versus abnormal 
aging. As a general rule, in normal aging disc height 
is preserved, disc margins remain regular, and radial 
annular tears are not a usual consequence of aging. 
Some authors believe that the MRI signal charac-
teristics of discs allow differentiation of the normal 
aging process from true pathologic degeneration 
(Sether et al. 1990); other investigators consider 
this distinction impossible (Modic and Herfkens 
1990); still others consider that pathologic degen-
eration is just an acceleration of the normal aging 
process (Czervionke 1993). On the basis of serial 
post-contrast MRI studies of lumbar discs, normal 
aging and degeneration have been shown to be two 
separate processes by documenting clear-cut differ-
ences in diffusion (Rajasekaran et al. 2004).

According to Resnick and Nywayama, the inter-
vertebral disc is affected by two different degenera-
tive processes, one involving the annulus fi brosus 
and adjacent ring apophyses (“spondylosis defor-
mans”) and the other affecting mainly the nucleus 
pulposus and vertebral body endplates (“interver-
tebral osteochondrosis”) (Fig. 6.3) (Resnick and 
Niwayama 1995). With this concept in mind, one 
could consider that what is referred to as “spondy-
losis deformans” refl ects the normal aging process, 
while “intervertebral osteochondrosis” corresponds 
to real pathologic deterioration and collapse of the 
disc, associated with bone erosion and reactive os-

teosclerosis (Twomey and Taylor 1987; Milette 
1997). In the cervical spine, this process may result 
in spinal stenosis and compression of the spinal cord 
(Fig. 6.4).

Small amounts of gas are often seen on plain 
X-rays or CT scans in elderly individuals near the 
apophyseal enthesis: they are probably located in 
transverse annular tears and should be considered 
as spondylosis deformans. Large amounts of gas in 
the central disc space indicate degeneration of the 
nucleus pulposus and are indicative of pathologic 
intervertebral osteochondrosis (Fig. 6.5). Anterior 
and lateral marginal osteophytes are consequences 
of normal aging. Endplate erosions and reactive 
bone marrow changes are pathologic.

6.4 
Congenital Abnormalities and 
Developmental Variations

Congenital abnormalities and developmental varia-
tions of the spine are common. Intervertebral discs 
between anomalous segments undergo morphologi-
cal changes which can be observed on T2-weighted 
images (Desmond and Buirski 1993). Transitional 
discs (partial fusion of the adjacent bony segments), 
or rudimentary discs (complete fusion of the two 

Fig. 6.2a,b. Loss of T2-signal intensity 
at L5-S1 (“black disc”) in a 38-year-old 
man. a Sagittal T1-weighted and b T2-
weighted scans. Decrease in T2-signal 
intensity predisposes the disc to degen-
erative changes, such as disc protrusion 
as seen in this patient a b
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Fig. 6.3a–c. Spondylosis deformans (“normal aging”) versus intervertebral osteochondrosis (“abnormal aging”) in a 62-
year-old woman. MDCT scan with lateral volume rendering view (a), sagittal multi-planar reformation (b) and axial scan 
at L4–L5 (c). The L4–L5 intervertebral disc is narrowed, with irregular endplates, vacuum phenomenon and concentric 
protrusion of the disc. At the other levels, mild spondylotic changes are seen at the adjacent ring apophyses, indicating 
normal aging

Fig. 6.4a,b. Normal versus abnormal aging of the cervical spine. Sagittal T2-weighted scans in two different patients. a 
The patient is a 76-year-old man with mild age-related degenerative changes, without impingement on the dural sac or the 
spinal cord. b The patient is a 40-year-old woman with severe degenerative disease at C5–C6 and C6–C7, resulting in spinal 
stenosis, cord compression and focal myelomalacia

a cb

a b
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adjacent vertebral bodies) usually present a normal 
signal intensity, but lack an intranuclear cleft and 
are smaller than adjacent, normal, mobile disc seg-
ments (Fig. 6.6). In the presence of a lumbosacral 
transitional vertebra, degenerative disc changes are 
much more common at the interspace immediately 
above than at any other level (Fig. 6.7) (Elster 
1989; Vergauwen et al. 1997). Discs from patients 
with spinal deformities such as scoliosis are more 
prone to early degeneration (Fig. 6.8). They may 
contain ectopic calcifi cations in the cartilage end-
plate and sometimes in the disc itself (Roberts et al. 
2006). Accelerated degenerative intervertebral disc 
changes are also associated with conditions such 
as spondylolisthesis (Fig. 6.9) (Rauch and Jinkins 
1993; Bertram et al. 2006).

6.5 
Degenerative Disc Disease

The degenerative disc process is related to aging, 
and the prevalence of degenerative discs increases 

linearly with age. It is likely that many other fac-
tors (e.g. autoimmune, genetic quality of collagen 
and proteoglycan, reabsorption, and biomechani-
cal) are also implicated. The concept of degeneration 
encompasses changes involving the disc (desicca-
tion, fi brosis, annular tears, mucinous degenera-
tion of the annulus, loss of height), as well as the 
endplates (defects, sclerosis, osteophytic spurring 
at the apophyses, Modic changes).

Intervertebral disc degeneration begins early in 
life (Erkintalo et al. 1995). However, the relation 
between abnormalities found in the lumbar spine 
and low back pain is controversial, since abnormal 
fi ndings are frequently reported in asymptomatic 
subjects on plain radiographs (Torgerson and 
Dotter 1976; Frymoyer et al. 1984; Witt et al. 
1984), myelograms (Hitselberger and Witten 
1968), discograms (Walsh et al. 1990), CT scans 
(Wiesel et al. 1984) and MRI scans (Weinreb et al. 
1989; Boden et al. 1990). Disc degeneration is already 
present in over one-third of normal healthy subjects 
aged 21–40 years (Powell et al. 1986). In a study 
where MRI of the lumbar spine was performed in 98 
asymptomatic people; only 36% had normal lumbar 
discs at all levels, with almost two-thirds of the sub-

Fig. 6.5a–c. Vacuum phenomenon in a 79-year-old woman. 
The axial CT scan (a), as well as the coronal (b) and sagittal 
(c) reformatted images show intradiscal gas at the L4–L5 
and L5–S1 levels. This so-called vacuum phenomenon is a 
sign of advanced degeneration

a

c

b
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Fig. 6.6a,b. Lumbosacral transitional vertebra (right-sided hemisacralisation of L5). Multi-detector row CT scan with volume 
rendered reconstructions (a,b). The transitional disc is narrower than the normal, mobile disc segments. There are degen-
erative disc changes involving both the transitional disc and the interspace immediately above it

Fig. 6.7a,b. Transitional disc in a 17-year-old boy. Sagittal T1-weighted (a) and T2-weighted (b) scans. The transitional disc is 
narrower and presents a normal signal intensity. There is some degeneration of the disc level above the transitional vertebra, 
as characterized by a decreased signal intensity on T2-weighted scans in the posterior portion of the disc

a b

a b
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Fig. 6.8a,b. Accelerated disc degeneration in a 14-year-old boy with a complex congenital spinal deformity, characterized by 
a hemivertebra. CT scan with volume rendered reconstructions (a, b). Despite the young age of the patient, there are already 
degenerative changes at the level of maximum scoliotic deformity

Fig. 6.9a,b. Accelerated disc degneration in a 73-year old man with an L4–L5 spondylolisthesis due to a bilateral spondyloly-
sis (pars interarticularis defect). Sagittal T1-weighted (a) and T2-weighted (b) images. The L4–L5 disc is markedly narrowed 
and contains a vacuum cleft. The adjacent intervertebral discs present a normal appearance for the age of the patient

a b

a b
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jects having an abnormality at one or more lumbar 
intervertebral discs (Jensen et al. 1994). The high 
prevalence of symptomless disc degeneration must 
be taken into account when MRI is used for assess-
ment of spinal symptoms. The discovery by MRI of 
bulges or protrusions in people with low back pain 
is frequently coincidental. 

Signal loss on T2-weighted scans is an early in-
dicator of intervertebral disc degeneration on MRI 
(Modic and Herfkens 1990; Sether et al. 1990). 
The decrease in signal intensity is caused by the in-
crease in fi brous tissue (collagen), which replaces 
the mucoid matrix of the nucleus pulposus. In the 
process of normal aging, the decrease in central disc 
signal intensity on T2-weighted MRI scans should 
be uniformly distributed among all the discs of the 
individual. If the signal loss affects only one or two 
discs, it should be considered abnormal. This fi nd-
ing is sometimes reported as a “black disc” in the 
neurosurgical and orthopedic literature (Fig. 6.2); 
and the term “black disc disease” has been applied to 
describe a discogenic pain syndrome (Rengachary 
and Balabhadra 2002). The degenerative process 
typically starts at the intervertebral discs that are 
subjected to the greatest mechanical stress in terms 
of weight-bearing or motion. In the lumbar spine 
L5–S1 and L4–L5 are most commonly affected. In 
the cervical spine, the C5–C6 and C6–C7 discs are 
most frequently involved (these segments bear the 
brunt of cervical spine motion).

Loss of height of the intervertebral disc is the ear-
liest sign of disc degeneration to be seen on plain 
X-ray fi lms. This fi nding indicates late shrinkage 
of the disc matrix and is only an indirect sign of 
disc degeneration (Brinckmann and Grooten-

boer 1991). Measuring disc height is a poor method 
for detecting early, painful degeneration changes 
 (Vanharanta et al. 1988a). Loss of disc height 
has been reported on plain radiographs in asymp-
tomatic subjects, indicating that there is no direct 
relationship between the imaging fi ndings and the 
clinical symptoms. When assessing disc height, the 
position of the patient (standing or lying down) dur-
ing the examination should be taken into account. 
Overall, the validity of disc height as an indicator of 
early disc degeneration is questionable (Luoma et al. 
2001). Other signs, such as osteochondrotic changes, 
including sclerosis of the vertebral endplates with 
osteophytes, calcifi cation and the vacuum disc phe-
nomenon, are more reliable, though they indicate 
secondary or late stages of degenerative changes 
(Resnick 1985).

6.6 
Annular Tears

With increasing age the water and proteoglycan con-
tent of intervertebral disc decreases, especially in 
the nucleus pulposus (Roberts et al. 2006). The de-
generative process is accelerated when the structural 
integrity of the posterior annulus fi brosus becomes 
damaged by overload, usually due to a combina-
tion of fl exion, rotation, and compressive loading 
forces (Southern et al. 2000). The intervertebral 
disc becomes less elastic and more fi brous. Eventu-
ally this leads to the formation of cracks and fi s-
sures in the annulus fi brosus, which are known as 
“annular tears”.

It has been suggested that the terminology “annu-
lar fi ssure” is preferable to “annular tear” since the 
former does not imply a traumatic etiology, as the 
latter seems to do. However, in the international lit-
erature “annular tear” is most widely used, and this 
is also the terminology accepted by the Combined 
Task Forces of the North American Spine Society, 
American Society of Spine Radiology, and American 
Society of Neuroradiology (Fardon and Milette 
2001; Milette 2001). Both concepts, annular fi ssure 
and annular tear, can be used synonymously, but it 
is important to remember that neither term articu-
lates any knowledge of etiology, symptomatology, or 
need for treatment.

Annular tears can be classifi ed as concentric, 
transverse or radial (Osti et al. 1992).
� Concentric tears are circumferential lesions which 

are found in the outer layers of the annular wall 
(Martin et al. 2002). They represent splitting 
between adjacent lamellae of the annulus, like 
onion rings. Concentric tears are most commonly 
encountered in the outer annulus fi brosus, and are 
believed to be of traumatic origin especially from 
torsion overload injuries.

� Transverse tears, also known as “peripheral tears” or 
“rim lesions,” are horizontal ruptures of Sharpey’s 
fi bers, near the insertion in the bony ring apophy-
sis. Their clinical signifi cance remains unclear. 
Transverse tears are believed to be traumatically 
induced and are often associated with small osteo-
phytes. According to some investigators transverse 
tears infl uence and accelerate the degeneration of 
the intervertebral disc and play a part in producing 
discogenic pain (Osti et al. 1992). Other authors 
assume transverse tears to be clinically insignifi -
cant (Morgan and Saifuddin 1999).
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� Radial tears are characterized by an annular tear 
which permeates from the deep central part of 
the disc (nucleus pulposus) and extends outward 
toward the annulus, in either a transverse or cra-
nial-caudal plane (Fig. 6.10). Most radial tears 
extend only partially into the annulus and do not 
reach the pain-sensitive outer rim of the annulus. 
The term “full thickness radial tear” is reserved 
for a tear that extends completely through the 
annulus fi brosus and reaches the outer rim. Radial 
annular tears are strongly associated with disc 
degeneration (Osti et al. 1992). The formation of 
a complete radial annular tear appears to be the 
necessary condition for the progressive deteriora-
tion of a disc (Herzog 1996).

In the thoracic spine, herniated discs are fre-
quently associated with abnormal straight or curvi-
linear densities on CT; this fi nding is known as the 
“nuclear trail sign” (Awwad et al. 1992). On MRI, 
this may be associated with a comet-tail confi gura-
tion in the axial plane (Fig. 6.11). This state of bio-
mechanical disc failure indicates advanced disc dis-
ruption and degeneration; it must be distinguished 
from an aging disc that has not failed.

The clinical signifi cance of annular tears is not 
yet fully understood. Some annular tears cause low 
back pain, even without modifi cation of the disc 
contour. This concept is known as “discogenic pain” 
and is likely mediated by nociceptors in the exter-
nal part of the annulus fi brosus (Southern et al. 
2000). On the other hand, annular tears (and even 
nonfocal disc protrusions) are often found on MRI 
scans in asymptomatic subjects and can be consid-
ered as insignifi cant components of the aging pro-
cess ( Stadnik et al. 1998; Boos et al. 2002). Why 
are some annular tears painful and others not? One 
hypothesis states that, when nuclear material mi-
grates through the tear into the external part of the 
annulus, which is well innervated with pain-sensi-
tive nerve fi bers, a chemical irritation and infl am-
mation process occurs and causes “discogenic pain” 
(Crock 1986). This mechanism may also cause pain 
radiating to an extremity, even in the absence of any 
direct contact between extruding disc material and 
a nerve root (Milette et al. 1995). Another theory is 
that the degenerated and damaged nucleus no lon-
ger supports its share of the axial load of the body.

Annular tears can be recognized in two ways on 
MRI: as areas of high signal intensity on T2-weighted 

Fig. 6.10a,b. Radial and concentric annular tear at L5–S1. Sagittal (a) and axial (b) T2-weighted images. The radial tear 
extends to the outer rim of the annulus fi brosus (a). The axial image (b) shows that, in addition, there is a concentric tear 
involving the outer circumference of the annulus fi brosus. There is marked degenerative narrowing of the L4–L5 interver-
tebral disc space. Note the T2-signal loss involving the lower intervertebral discs

a b
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images or as foci of annular enhancement on Gd-en-
hanced T1-weighted images (Ross et al. 1989). With 
repetitive microtrauma, annular tears may enlarge 
and become infl amed. The infl ammatory response 
can be seen as an area of increased signal intensity 
in the posterior annulus fi brosus. This phenomenon, 
which is known in the lumbar spine as the high-in-
tensity zone (HIZ), can be observed on T2-weighted 
MRI scans (Aprill and Bogduk 1992; Schellhas 
et al. 1996). On T2-weighted scans, the HIZ appears 
almost as hyperintense as the adjacent cerebrospi-
nal fl uid in the dural sac. The HIZ is believed to be a 
combination of a concentric and a radial annular tear, 
merged within the periphery of the disc (Aprill and 
Bogduk 1992). The presence of a HIZ has been sug-
gested to correlate closely with painful outer annular 
disruption (Schellhas et al. 1996; Peng et al. 2006). 
However, the role of the HIZ in discogenic pain re-
mains highly controversial, because it has been found 
in asymptomatic subjects as well (Stadnik et al. 1998; 
Weishaupt et al. 1998). The HIZ is considered to be 
a marker of a painful posterior annular tear, but the 
usefulness of this sign is limited by its poor sensitiv-
ity and limited positive predictive value (Saifuddin 
et al. 1998; Carragee et al. 2000; Weishaupt et al. 
2001). In the cervical spine, histological features such 
as annular tears, rim lesions and prolapsed disc ma-
terial are poorly recognized by MRI, even in severely 
degraded discs (Christe et al. 2005).

Annular tears tend to enhance strongly with 
gadolinium (Fig. 6.12) (Ross et al. 1989; Stadnik 
et al. 1998). The enhancement of annular tears cor-
responds with the microscopically confi rmed pres-
ence of vascularization (newly formed blood ves-
sels grow into the disc from the outer areas of the 
annulus) and granulation tissue (scar tissue for-
mation) ( Roberts et al. 2006). In association with 
an annular tear, extradural infl ammation tissue is 
commonly found, suggesting a chemical infl am-
mation due to an annular leak from a degenerating 
disc (Saifuddin et al. 1999). On pre-contrast T1-
weighted images, extradural infl ammation is seen 
as a region of intermediate signal intensity replac-
ing the fat between the posterior disc margin and 
the dural sac; on post-contrast scans, it enhances 
intensely with gadolinium. Enhancement of a nerve 
root can also be observed, indicating the possibility 
of a “chemical radiculopathy” in the absence of me-
chanical root compression.

6.7 
Disc Herniation

Degenerative disc disease leads to a loss of turgor 
of the nucleus pulposus and a diminished elasticity 

Fig. 6.11a, b. Complete radial annular tear with extruded disc at T12–L1 in a 58-year-old man. Axial T1-weighted (a) and 
T2-weighted (b) images. The trajectory of nuclear material through a complete radial annular tear presents a “comet tail” 
appearance. The extruded disc material in the spinal canal constitutes the head of the comet

a b
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of the annulus fi brosus. As a result, the disc bulges 
outward. Herniation is defi ned as a localized dis-
placement of disc material (nucleus, cartilage, 
fragmented apophyseal bone, fragmented annular 
tissue) beyond the limits of the intervertebral disc 
space (Fardon and Milette 2001). The interver-
tebral disc space is the three-dimensional volume 
defi ned by the adjacent vertebral body endplates and 
by the outer edges of the vertebral ring apophyses, 
exclusive of osteophytes. Displacement of disc mate-
rial can thus only occur when there is a disruption 
of the annulus fi brosus, or a break in the vertebral 
body endplate. 

Herniated discs in the cranio-caudal (vertical) 
direction through a break in one or both of the ver-
tebral body endplates are referred to as “intraverte-
bral herniations” (also known as Schmorl’s nodes). 
They are often surrounded by reactive bone marrow 
changes (Fig. 6.13). One hypothesis regarding the 
formation of intravertebral herniations is that the 
regression of the nutrient vascular canals may leave 
scars in the endplates, which are weak spots repre-
senting a route for the early formation of intrabody 
nuclear herniations (Chandraraj et al. 1998).

In young individuals, intrabody herniation of 
disc material can instigate the formation of a “lim-

Fig. 6.12a–c. Enhancing concentric annular tears in a 43-
year-old woman. Pre-contrast sagittal T2-weighted (a) and 
axial T1-weighted (b) images; post-gadolinium axial T1-
weighted image (c). On the T2-weighted sagittal scan, pos-
terior annular tears are seen at L3–L4 and at L4–L5, as well 
as a disc herniation at L5–S1. After gadolinium administra-
tion, there is a linear area of enhancement in the posterior 
annulus, indicating a concentric tear

a

b

c
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bus vertebra”. When herniation of the nucleus 
pulposus occurs through the ring apophysis prior 
to bony fusion, a small segment of the vertebral rim 
may become isolated (Mupparapu et al. 2002). Lim-
bus vertebrae are most commonly found in the mid-
lumbar region, and less commonly in the mid-cervi-
cal region. They are characterized by a defect in the 
anterior margin of the vertebral body usually at the 
anterior superior margin in the lumbar spine, and 
the anterior inferior margin in the cervical spine. 

Generalized or circumferential disc displacement 
(involving 50% to 100% of the disc circumference) is 
known as “bulging”, and is not considered a form of 
herniation. Bulging can be symmetrical (displace-
ment of disc material is equal in all directions) or 
asymmetrical (frequently associated with scoliosis) 
(Fig. 6.14). The term bulge refers to a morphologic 
characteristic and is not correlated with etiology or 
symptomatology. Bulging can be physiologic (e.g. in 
the mid-cervical spine and at L5–S1), can refl ect ad-
vanced degenerative disc disease, can be associated 
with bone remodeling (as in advanced osteoporosis), 
occur with ligamentous laxity, or can be a “pseudo-
image” due to partial volume averaging (Fardon 
and Milette 2001).

Herniated discs can be more specifi cally classi-
fi ed as protrusion or extrusion, on the basis of the 

shape of the displaced material (Fig. 6.15). The ter-
minology “protruded disc” is used when the base of 
the disc is broader than any other diameter of the 
displaced material. Based on a two-dimensional 
assessment of the disc contour in the transverse 
plane, a protruded disc can be focal (involving 
<25% of the disc circumference) or broad-based 
(involving 25%–50% of the disc circumference). 
The terminology “extruded disc” is used for a focal 
disc extension of which the base against the par-
ent disc is narrower than the diameter of the ex-
truded disc material, measured in the same plane 
(Figs. 6.16–6.18). Extrusion is also used when there 
is no continuity between the herniated disc mate-
rial beyond the disc space and that within the disc 
space. If the displaced disc material has no con-
nection with the parent disc, it is called a “seques-
trated fragment” (Fig. 6.19). This is synonymous 
with a “free fragment”. On imaging studies it is 
often impossible to determine if continuity exists 
between the extruded disc material and the parent 
disc. Therefore, it is sometimes more practical to 
use the term “migration”, which signifi es displace-
ment of disc material away from the site of the ex-
trusion, regardless of whether it is sequestrated or 
not (Fig. 6.20). The term migrated only refers to 
position and not to continuity. 

Fig. 6.13a,b. Intravertebral herniations at L1–L2. Sagittal T1-weighted (a) and T2-weighted (b) scans. The intravertebral 
 herniations are located in the lower endplate of L1 and the upper endplate of L2. They are surrounded by reactive bone 
marrow changes, which are hyperintense both on T1-and T2-weighted images (Modic type II changes)

a b
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It has been suggested to simplify the terminol-
ogy by using the word herniation to designate both 
protrusions and extrusions as a group (Czervionke 
1993). The Combined Task Forces have maintained 
the distinction, which is useful because extrusions 
are rare in asymptomatic patients, as opposed to 
bulges and protrusions (Brant-Zawadzki et al. 
1995). Furthermore, the term extruded disc is more 
acceptable to patients because it is less emotionally 
laden and has fewer histologic, traumatic and clini-
cal connotations than the word herniation (Deyo et 
al. 1990).

The term “contained” refers to displaced disc ma-
terial which is covered by the outer annulus. If this 
covering is absent, the herniation is “uncontained”. 
With cross-sectional imaging techniques such as CT 
or MRI it is usually not possible to distinguish a con-
tained from an uncontained disc herniation. With 
discography, it is possible to separate a “leaking” 
from “nonleaking” disc, depending on the displace-
ment of the injected contrast agent.

Reliable communication with clinicians requires 
an accurate and simple system to classify the posi-
tion of disc fragments that have migrated horizon-

tally or vertically. An elegant and useful alpha-nu-
merical classifi cation system, based on imaging 
fi ndings, has been reported in the European litera-
ture (Bonneville 1990). Instead, the Combined 
Task Forces have opted for a classifi cation based on 
anatomic boundaries frequently used by surgeons 
(Wiltse et al. 1997). In the transverse (axial) plane, 
the following zones are recognized: 

Central (posterior midline) (Fig. 6.21)
Right/left central (also known as paracentral) 
(Fig. 6.22)
Right/left subarticular (lateral recess)
Right/left foraminal (neural foramen) (Fig. 6.23)
Right/left extraforaminal (outside the neural 
foramen, also known as far lateral)
anterior zone (anterior and anterolateral regions) 
(Fig. 6.24).

In the vertical plane, three levels are defi ned 
(from top to bottom):

Pedicle level 
Infrapedicle level 
Disc level (Fig. 6.25) 
Suprapedicle level

�
�

�
�
�

�

�
�
�
�

Fig. 6.14a–c. Symmetrical and asymmetrical bulging disc on transverse CT or MRI scans. a Normally the intervertebral 
disc (gray) does not extend beyond the edges of the ring apophyses (black line). b In a symmetrically bulging disc, the disc 
tissue extends concentrically beyond the edges of the ring apophyses (50%–100% of disc circumference). c An asymmetrical 
bulging disc can be associated with scoliosis. Bulging discs are not considered a form of herniation

Fig. 6.15a–c. Types of disc herniation as seen on transverse CT or MRI scans. a, b Protrusions: the base of the herniated disc 
material is broader than the apex. Protrusions can be broad-based (a) or focal (b). c Extrusion: the base of the herniation 
is narrower than the apex (toothpaste sign)
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Fig. 6.16a,b. Broad-based lumbar disc protrusion at L5–S1 in a 44-year-old man. Sagittal (a) and axial (b) T2-weighted 
images. The protruding disc presents an increased signal intensity on these T2-weighted images, indicating an area of 
myxoid degeneration. The left lateral recess is narrowed, and the left S1 nerve root is displaced

Fig. 6.17a,b. Cervical disc extrusion at C6–C7 in a 43-year-old woman. Sagittal T2-weighted (a) and axial (b) T2*-weighted 
images. The extruded disc extends into the left lateral recess and the left intervertebral foramen. There is asymmetric 
deformation of the thecal sac
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Fig. 6.18a–d. Massive lumbar disc extrusion at L5–S1 in a 44-year-old man. Sagittal (a) and axial (b) T1-weighted images; 
sagittal (c) and axial (d) T2-weighted images. The extruded disc compresses and displaces the right S1 nerve root. On the 
sagittal T1-weighted image, the continuity between the extruding portion and the parent disc can clearly be identifi ed

a

c

b

d



146 P. M. Parizel, J. W. M. Van Goethm, L. Van den Hauwe, and M. Voormolen

Fig. 6.19a–c. Upwardly migrated (ascending) disc herniation at L4–L5 in a 34-year old man. Pre-contrast sagittal T2-weight-
ed (a) and T1-weighted (b) images; post-gadolinium sagittal T1-weighted image (c). The ascending fragment originates from 
the L4–L5 disc. After gadolinium injection, the disc fragment does not enhance; it is surrounded by enhancing structures 
(PLL, epidural veins)

Fig. 6.20a–d. Downwardly 
migrated (descending) disc 
herniation at L4–L5 in a 
34-year-old man. Sagittal (a) 
and axial (b) T1-weighted 
images; sagittal (c) and axial 
(d) T2-weighted images. A 
very large disc fragment 
descends into the left lat-
eral recess behind the L5 
vertebral body. The disc is 
hypointense on T2-weighted 
scans indicating a fi brous 
nature

a cb

a

c

b

d



  Degenerative Disc Disease 147

6.8 
Spontaneous Regression of Disc Herniation

Spontaneous regression of a lumbar disc herniation 
is a well-established and common fi nding in pa-
tients who do not undergo surgery or interventional 
therapy (Bozzao et al. 1992; Splendiani et al. 2004). 
The regression can imply a decrease in size or even 
complete disappearance of the herniated disc.

The exact underlying mechanism of spontaneous 
disc regression remains largely unknown, though 
several hypotheses have been proposed: retraction 
of disc material into the intervertebral space, de-
hydration or shrinkage of the disc, and resorption 
due to an infl ammatory reaction (phagocytosis by 
macrophages) (Slavin et al. 2001). Factors which 
are associated with a high probability of sponta-
neous regression are: free fragment herniation, 

Fig. 6.21a–d. Central disc extrusion at L5–S1 in a 35-year-old man. Sagittal (a) and axial (b) T1-weighted images; sagittal (c) 
and axial (d) T2-weighted images. The herniated disc is located in the midline, in the anterior epidural space between the 
S1 nerve roots. There is an associated radial tear of the disc, as can be seen on the sagittal T2-weighted scan
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Fig. 6.22a,b. Left central disc protrusion 
at C5–C6 in a 26-year-old woman. Sagit-
tal (a) and axial (b) T2-weighted images. 
The protruding disc is broad-based and 
impinges on the dural sac. It is slightly 
eccentric to the left. There is no radicular 
compression

Fig. 6.23a–d. Right foraminal disc extru-
sion at L4–L5 in a 51-year-old man. Sagit-
tal (a) and axial (b) T1-weighted images; 
sagittal (c) and axial (d) T2-weighted 
images. A broad-based disc extrusion 
extends into and beyond the right neural 
foramen. The herniated disc material 
contains a focal T2-hyperintense com-
ponent, likely representing a fl uid-fi lled 
disc cyst
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high signal intensity on T2-weighted images, and 
herniations with peripheral contrast enhancement 
on T1-weighted images (Splendiani et al. 2004) 
(Fig. 6.26). Extruded disc material which is exposed 
to the epidural space (as in a free fragment) appears 
to be resolved more quickly than subligamentous 
disc material. Exposure to vascular supply probably 
plays an important role in the process of spontane-
ous resorption (Komori et al. 1996). Contrast en-
hancement of the posterior longitudinal ligament 
indicates an infl ammatory response (Fig. 6.27). Ar-
eas of contrast uptake in the epidural space above 
and below the herniated disc refl ect dilated and 
congested epidural veins (Fig. 6.28) (Parizel et al. 
1989). A high rate of contrast enhancement is also 
correlated with invasion of granulation tissue; this 
indicates an ongoing absorption process and can be 
used to predict spontaneous reabsorption of a disc 
herniation (Kawaji et al. 2001).

The phenomenon of spontaneous regression of 
disc herniations has also been reported to occur in 
the cervical spine and rarely in the thoracic spine 
(Mochida et al. 1998). In the cervical spine, soft disc 
herniations are more likely to regress spontaneously 
if they are median or diffuse, while focal type her-
niations show less tendency to spontaneous regres-
sion (Matsumoto et al. 2001).

Fig. 6.24a,b. Anterior zone disc extrusion at L2–L3 in a 38-year-old man. Sagittal (a) and axial (b) T1-weighted images. 
The L2–L3 disc space shows height loss, decreased signal intensity on T2, and there is an anterior zone disc extrusion with 
associated osteophytic spur formation

Fig. 6.25. Right foraminal herniation at the disc level in a 56-
year-old man. Sagittal T1-weighted image. The disc extrudes 
into the neural foramen, and displaces the right L4 nerve 
root
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Fig. 6.26a–d. Sequestrated disc fragment at L5–S1 in a 48-year old woman. Pre-contrast sagittal (a) and axial (b) T1-weighted 
images; post-gadolinium sagittal (c) and axial (d) T1-weighted images. There is peripheral contrast enhancement on T1-
weighted images (c and d). Peripheral contrast enhancement is associated with a high probability of spontaneous regres-
sion.
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Fig. 6.27a–c. Enhancement surrounding a large C5–C6 disc extrusion indicates an infl ammatory response. The patient is a 
47-year-old woman. Pre-contrast sagittal T2-weighted (a) and T1-weighted (b) images; post-gadolinium sagittal T1-weighted 
image (c). After gadolinium injection, the extruded disc is surrounded by the enhancing posterior longitudinal ligament, 
indicating an infl ammatory response

Fig. 6.28a–c. Thoracic disc extrusion in a 32-year-old woman. Pre-contrast sagittal T2-weighted (a) and T1-weighted (b) 
images; post-gadolinium sagittal T1-weighted image (c). After gadolinium injection, the extruded disc is surrounded by the 
enhancing posterior longitudinal ligament, which indicates an infl ammatory response. Focal areas of contrast uptake in the 
epidural space above and below the herniated disc refl ect dilated and congested epidural veins
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6.9 
Vertebral Endplates and Bone Marrow 
Changes

With aging, reactive degenerative changes frequently 
occur in the vertebral endplates and vertebral bod-
ies (Karchevsky et al. 2005). In 1988, Modic and 
colleagues described three degenerative stages of 
vertebral endplates and subchondral bone (Modic 
et al. 1988a,b) (Table 6.2).
� Type 1 changes (decreased signal intensity on T1-

weighted images and increased signal intensity 
on T2-weighted images) indicate bone marrow 
edema associated with acute or subacute infl am-
mation (Fig. 6.29). Histopathologically, Modic 
type 1 changes correspond to disruption and fi s-
suring of the endplates and vascularized fi brous 
tissue with bone marrow edema.

� Type 2 changes (increased signal intensity on 
T1-weighted images and isointense or increased 
signal intensity on T2-weighted images) indi-
cate replacement of normal bone marrow by fat 
(Fig. 6.30).

� Type 3 changes (decreased signal intensity on 
both T1- and T2-weighted images) indicates reac-

tive osteosclerosis. Overall, Modic type 2 changes 
(fatty pattern) are the most common, with Modic 
type 3 changes (sclerotic pattern) being rare 
(Karchevsky et al. 2005).

The Modic classifi cation has the advantage of be-
ing reliable and reproducible, even for observers of 
varying clinical experience (Jones et al. 2005).

Modic signal intensity changes in the bone mar-
row adjacent to the vertebral endplates are a com-
mon observation on MRI. They occur more fre-
quently with aging, and are correlated with weight 
and male gender (Karchevsky et al. 2005). Endplate 
degeneration may affect the whole of both endplates, 

Fig. 6.29a, b. Modic type 1 changes at L4–L5 in a 29-year-old woman. Sagittal (a) T1-weighted (a) and sagittal T2-weighted 
(b) images. There is decreased signal intensity on T1-weighted images and increased signal intensity on T2-weighted images, 
indicating bone marrow edema associated with acute or subacute infl ammation. The patient also has a right central disc 
protrusion
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Table 6.2. Signal intensity changes in vertebral bone marrow 
adjacent to endplates of degenerative discs. (SI Signal intensity, 
wi weighted image)

Type I  SI on T1 wi
 SI on T2 wi

Infl ammatory stage 
(bone marrow edema)

Type II  SI on T1 wi
 (or ) SI on T2 wi

Fatty stage (local fatty 
replacement of bone 
marrow)

Type III  SI on T1 wi
 SI on T2 wi

Reactive osteosclerosis 
adjacent to the endplates
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although involvement of just one endplate, or even 
a segment thereof, can occur. In the lower lumbar 
spine, the anterior aspect of the endplates is most 
commonly involved.

Modic type 1 changes refl ect an acute infl amma-
tory stage, and can be associated with substantial 
functional disability. In a large majority of cases, 
Modic type 1 lesions naturally transform into type 2 
lesions (Mitra et al. 2004). The transformation usu-
ally takes place over a time course of 1–2 years, and 
can relate to a change in patient’s symptoms. In pa-
tients with painful lumbar instability, Modic type 1 
lesions are frequently found (Parizel et al. 1999). 
The evolution of type 1 into type 2 lesions is accel-
erated after osteosynthesis, probably by correcting 
mechanical instability (Vital et al. 2003). Types 2 
and 3 indicate chronic changes, and tend to remain 
stable over many years.
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7.1 
Introduction

Facet joints are a major source of neck and low-back 
pain. Facet joint syndrome is defi ned as a constel-
lation of symptoms that result in diffuse pain that 
does not fi t a clear nerve root pattern (e.g. not sci-
atica). Both cervical and lumbar facet syndromes 
have been described (Cavanaugh et al. 2006).

In the early years of the previous century, the 
facet joints were the focus of intense research and 
speculation with regard to their role in the produc-
tion of back pain and sciatica. When Mixter and 
Barr in 1934 fi rst emphasized that herniation of disc 
material (nucleus pulposus) through the annulus 
fi brosus caused low-back pain and sciatica, discus-
sion, research and therapy shifted to the herniated 
nucleus pulposus (Schellinger et al. 1987). Ever 
since then, the role of the facet joints when evalu-
ating patients with low-back pain and sciatica has 
been underestimated (Carrera 1980). Synovial lin-
ings and joint capsules of the facet joints are richly 
innervated and can be an important source of pain 
(Schellinger et al. 1987).

7.2 
Normal Anatomy

The spine has a segmental organization. Each seg-
ment is composed of a vertebral body (corpus ver-
tebrae) anteriorly and a vertebral or neural arch 
(arcus posterior) posteriorly (Fig. 7.1). Together 
they enclose the vertebral foramen (spinal canal). 
From each neural arch a spinous process protrudes 
posteriorly, and transverse processes extend from 
the lateral edges of each arch. These bony processes 
serve as important sites of attachment of deep back 
muscles. They also divide the neural arch into dif-
ferent parts. The neural arch between the spinous 
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K E Y  P O I N T S

Because of their rich innervation, facet joints 
are an important source of pain. Their role in 
evaluating patients with low-back pain and 
sciatica is often underestimated.

Radicular symptoms are the result of direct 
nerve compression. This is not exclusively 
caused by disc herniation; facet joint abnor-
malities (osteophytes, hypertrophy, joint effu-
sion) may also cause neural compression.

The intervertebral disc and the facet joints 
function as a three-joint complex; degenerative 
changes of the intervertebral disc will affect 
the normal anatomy and function of the facet 
joints.

Degenerative changes observed in facet joint 
osteoarthritis are similar to those observed in 
peripheral joints (osteophytes, hypertrophy, 
osteosclerosis, subchondral bone erosions, 
cartilage abnormalities).

Although both CT and MR imaging can be 
used in the evaluation of facet joint osteoar-
thritis, CT is the imaging modality of choice 
to demonstrate subtle changes (e.g. subchon-
dral lesions). Axial images are chosen to do 
so.

In the evaluation of the intervertebral foram-
ina, sagittal MR and (reconstructed) CT im-
ages are preferred. They easily allow identifi -
cation of the affected levels and measurement 
of the sagittal diameter of the spinal canal.

�

�

�

�

�

�

Associated soft tissue changes include facet 
joint synovial or ganglion cysts, ligamentum 
fl avum hypertrophy and ligamentum fl avum 
cysts. These cysts must be differentiated from 
other lesions causing low-back pain and ra-
dicular symptoms.

Other degenerative changes of the neural arch 
include neural arch intervertebral neoarthro-
sis, spinous process abnormalities (Baastrup’s 
disease) and associated ligamentous changes.

Facet joint osteoarthritis is a frequent cause of 
central, lateral and foraminal stenosis.

Spondylolisthesis is defi ned as an anterior dis-
placement of a vertebra relative to the vertebra 
below. Most frequently encountered causes 
of spondylolisthesis that have to be discrimi-
nated are isthmic spondylolisthesis (spondy-
lolysis) and degenerative spondylolisthesis. 
Plain fi lm radiography oblique views are use-
ful for visualizing the pars defect, but CT and 
MR imaging are preferred to demonstrate as-
sociated disc abnormalities and to evaluate the 
intervertebral foramina. 

Isthmic spondylolisthesis is the result of a 
bilateral defect in the pars interarticularis. 
Nerve root compression typically occurs at the 
level of the intervertebral foramina. In addi-
tion, the spinal canal is usually widened.

Degenerative spondylolisthesis, as a result of 
facet joint osteoarthritis, is more frequently 
observed when the facet joints have a more 
sagittal orientation. Narrowing of the central 
canal, lateral recess and intervertebral foram-
ina is a typical fi nding.

�

�

�

�

�

�

and transverse processes is the lamina and the part 
of the arch between the transverse process and the 
vertebral body is the pedicle. The pedicle of each 
vertebra is notched at its superior and inferior edges. 
Together, the notches from two contiguous verte-
brae form an opening, the intervertebral foramen, 
through which the spinal nerves pass (Gray 1918).

The functional unit of the vertebral column con-
sists of two adjacent vertebral bodies, an interverte-
bral disc and two facet joints. This unit is called the 
motion segment. It constitutes a three-joint complex 
which forms a universal joint. Six types of motion 
are possible, i.e. axial rotation and translation along 

the three coordinate (x, y, z) axes. The shape and ori-
entation of the facet joints determines the range of 
motion (Schellinger et al. 1987).

The facet joints (also known as zygoapophyseal 
joints) are diarthrodial synovial joints between the 
superior and inferior articular processes of adjacent 
neural arches. These articular processes arise from 
the articular pillars, which include the bone at the 
junction of the laminae and the pedicles. The inferior 
articular process faces anteriorly and is posterior 
relative to the superior articular process. The joint 
surfaces are oriented in an oblique plane halfway be-
tween the sagittal and coronal planes (i.e. 45°); the 



  Pathology of the Posterior Elements 159

Fig. 7.1a–f. Anatomy of the posterior arch of a lumbar vertebra. Anatomical specimen (a–c) and CT volume rendering (VR) 
(d–f) illustrating posterior arch anatomy. Left sagittal view (a,d), superior view (b,e), and posterior view (c,f). Each vertebra 
is composed of a vertebral body anteriorly and a posterior arch. Together they enclose the vertebral foramen (*). From each 
neural arch a spinous process (Sp) is protruding posteriorly, and transverse processes (T) are extending from the lateral 
edges of each arch . These bony processes serve as important sites of attachment of deep back muscles. They also divide the 
neural arch into different parts. The neural arch between the spinous and transverse process is the lamina (L) and the part 
of the arch between the transverse process and the vertebral body is the pedicle (P). The pedicle of each vertebra is notched 
at its superior and inferior edges. Together the notches from two contiguous vertebra form an opening, the intervertebral 
foramen (°), through which the spinal nerves pass. Superior (S) and inferior (I) articular processes arise from the articular 
pillars, which include the bone at the junction of the laminae and the pedicles. The inferior articular process faces anteriorly 
and is posterior relative to the superior articular process

a

c
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orientation is almost parasagittal in the upper lum-
bar spine, whereas they are oriented in a more coro-
nal plane in the lower lumbar region. In the thoracic 
spine, the orientation is nearly in the coronal plane 
(Grenier et al. 1987).

The joint surfaces are smooth and are slightly 
curved, the superior facets having a concave sur-
face and the inferior facets a convex surface. They 
are lined by articular hyaline cartilage. The carti-
lage is thickest toward the center of the joint, which 
provides a perfect match of the joint surfaces. The 
distance between the bony articular processes on 
radiography measures 2–4 mm, corresponding 
to the articular lining and interposed joint space 
(Schellinger et al. 1987).

A tough fi brous capsule is present on the postero-
lateral aspect of the lumbar facet joint. It is composed 
of several layers of fi brous tissue and a synovial mem-
brane, separated by a layer of loose areolar tissue. On 
the ventral aspect of the joint, there is no fi brous cap-
sule; the ligamentum fl avum and synovial membrane 
are the only barriers between the facet joint space and 
the spinal canal (Xu et al. 1990). The capsule has two 
recesses (superior and inferior) containing fat pads, 
from which fat-fi lled synovial folds project between 
the articular surfaces for a distance of 2–4 mm. Their 
function is twofold: they act as a movement-compen-
sating mechanism, pushed by the facet when it slides 
into the recess area; and, because they are partially 
covered with synovial tissue, they provide lubrication 
for the joint (Grenier et al. 1987).

Fig. 7.2a–c. Normal imaging anatomy of the posterior arch of the lumbar spine on plain fi lm radiography. Lateral (a), an-
teroposterior (b) and oblique (c) views. P = pedicle, L = lamina, I = inferior articular process, S = superior articular process, 
Sp = spinous process, T = transverse process, ° = intervertebral foramen

a b c

Fig. 7.3a,b. Normal imaging anatomy of the posterior arch of 
the lumbar spine on CT. Axial (a) and sagittal reformatted 
(b) CT images. P = pedicle, L = lamina, I = inferior articular 
process, S = superior articular process, Sp = spinous process, 
T = transverse process, ° = intervertebral foramen

a b
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The ligamenta fl ava (yellow ligaments) are paired 
structures, one on each side, connecting the spinal 
laminae, and forming part of the posterior wall of 
the vertebral canal. Laterally, these ligaments fuse 
with the articular capsules and form one boundary 
of the intervertebral foramina (Mahalatti et al. 
1999). On imaging studies, they are indistinguish-
able from each other. The ligamenta fl ava limit fl ex-
ion and provide a static elastic force to aid the return 
to a neutral position after spinal fl exion/extension. 
They also help to maintain a smooth posterior lin-
ing of the central spinal canal (Xiong et al. 2001).

The facet joints are extensively reinforced by 
different ligaments. These ligaments connect the 
tips of the spinous processes (supraspinous liga-
ments), the base of the spinous processes (interspi-
nous ligaments), and the transverse processes (in-
tertransverse ligaments). In addition the laminae 
of adjacent vertebrae are bound together by the 
ligamentum fl avum. The anterior and posterior 
longitudinal ligaments connect the vertebral bod-
ies anteriorly and posteriorly and thereby support 
the spinal column.

Fig. 7.4a–c. Normal imaging anatomy of the posterior arch 
of the lumbar spine on MR imaging. Sagittal T2-weighted 
image (a), sagittal T1-weighted image (b) and axial T2-
weighted image (c) at the L4–L5 disc space level. Normal fat 
pads (white arrows) in the facet joints can be observed as 
an area of high signal intensity at the superior aspect of the 
joint extending inferiorly between the facets. P = pedicle, L = 
lamina, I = inferior articular process, S = superior articular 
process, Sp = spinous process, T = transverse process, ° = 
intervertebral foramen

a b

c
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vates the iliocostalis muscle, and the intermediate 
branch innervates the longissimus muscle. The me-
dial branch innervates many structures, including 
the facet joint, but it also innervates the multifi dus, 
interspinales, and intertransversii mediales muscles, 
the interspinous ligament, and, possibly, the ligamen-
tum fl avum. After the medial branch splits off from 
the dorsal ramus, it courses caudally around the base 
of the superior articular process of the level below to-
ward that level’s facet joint (e.g. the L4 medial branch 
wraps around the L5 superior articular process to 
approach the L4–L5 facet joint). It then continues in 
a groove between the superior articular process and 
the transverse process (or, in the case of the L5 me-
dial branch, between the superior articular process of 
S1 and the sacral ala of S1, which is the homologous 
structure to the transverse processes of the lumbar 
vertebrae). The medial branch of the dorsal ramus 
gives off two branches to nearby facet joints. One 
branch innervates the facet joint of that level, and the 
second branch descends caudally to the level below. 
Therefore, each medial branch of the dorsal ramus 
innervates two joints – that level and the level below 
(e.g. the L4 medial branch innervates the L4–L5 and 
L5–S1 facet joints). Similarly, each facet joint is inner-
vated by the two most cephalad medial branches (e.g. 
the L4–L5 facet joint is innervated by the L3 and L4 
medial branches) (Malanga et al. 2006). 

7.3 
The Role of Facet Joints in Spinal Pain

Radicular pain is the result of direct compression 
of major nerve roots within the spinal canal, along 
their exit zones, or outside the intervertebral fora-
men. Disc herniation, osteophytes, facet joint hy-
pertrophy, rostrocaudal subluxation of facets and 
expansion of the facet joint capsule secondary to 
joint effusion may all cause neural compression. 
Also, infl ammatory processes emanating from the 
facet joint complexes can spread through the myo-
fascial areas and involve several nearby nerve roots 
(Schellinger et al. 1987).

Pain may also arise from direct irritation of local 
pain fi bers in the spine. This pain can be referred to 
the extremities and become indistinguishable from 
radicular pain (so-called pseudo-radicular pain) 
(Schellinger et al. 1987).

The synovial linings and joint capsules are richly 
innervated. Therefore, facet joints can be an impor-
tant source of pain. Each facet joint is innervated by 
the medial branch, a section of the dorsal ramus. The 
medial branch is one of three branches of the dorsal 
ramus, with the other two being the lateral branch 
(which does not exist for the L5 dorsal ramus) and 
the intermediate branch. The lateral branch inner-

Fig. 7.5a,b. Measuring facet joint angles. Axial CT image of the lumbar spine at the L4–L5 disc level. a The coronal reference 
plane is defi ned using the posterior aspect of the intervertebral disc. b An alternative is using a line through two points in 
the midline and tip of the spinous process - representing the midsagittal plane - and to draw a line perpendicular to it to 
defi ne the coronal plane. A line through the anteromedial and posterolateral margins of each facet joint is used to calculate 
the angle relative to the coronal (a) or sagittal plane. Normal, almost symmetrical, orientation of the facet joint surfaces in 
an oblique plane halfway between the axial and coronal planes (i.e. 45 ) is seen in a. Moderate tropism (difference of 7  to 
15  between the two angles) is observed in b

a b
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7.4 
Degenerative Changes of the Posterior 
Elements

Both disc degeneration and facet joint osteoarthritis 
increase with age. Degeneration of the lumbar spine 
occurs from age 30 and is almost invariably present 
after 60 years (Wybier 2001).

Since the intervertebral disc and the facet joints 
function as a three-joint complex, degenerative 
changes of the intervertebral disc will affect the 
normal anatomy and function of the posterior ele-
ments (and possibly also vice versa). Disc degenera-
tion sometimes occurs without the presence of facet 
joint osteoarthritis; on the other hand, facet joint 
osteoarthritis mostly occurs in the presence of disc 
degeneration. Therefore, it was postulated that disc 
degeneration occurs before facet joint osteoarthri-
tis, which may be secondary to mechanical changes 
in the loading of the facet joints (Butler et al. 1990). 
Other factors contributing to facet joint degenera-
tion include weight, scoliosis and lordosis (Grogan 
et al. 1997).

Confl icting results have been reported concern-
ing a possible association between facet joint tro-
pism and disc degeneration (Farfan et al. 1972; 
Van Schaik et al. 1984; Hagg and Wallner 1990; 
 Cassidy et al. 1992; Grogan et al. 1997) and between 
the association of sagittal-oriented facet joints and 
facet joint osteoarthritis and/or degenerative spon-
dylolisthesis (Sato et al. 1989; Grobler et al. 1993; 
Fujiwara et al. 2001a; Karacan et al. 2004; Boden 
et al. 2005). Facet joint tropism is defi ned as asym-
metry between the left and right facet joint angles, 
with one joint having a more sagittal orientation 
than the other (Boden et al. 2005).

In a study of asymptomatic volunteers, Boden et 
al. observed that more sagittally oriented facet joints 
at the level of the fourth and fi fth lumbar vertebrae 
were highly associated with herniated discs and de-
generative spondylolisthesis (Boden et al. 2005). A 
signifi cant association was found between sagittal 
orientation and osteoarthritis of the lumbar facet 
joints, even in patients without degenerative spon-
dylolisthesis (Fujiwara et al. 2001a). 

7.4.1 

Osteoarthritis of the Facet Joints

Degenerative changes of the facet joints most fre-
quently involve the lordotic segments of the spine: 
cervical and lumbar. These changes may play an 
important role in the development of acquired spi-
nal stenosis. 

Degenerative changes are similar to those ob-
served in peripheral joints and they include os-
teophyte formation, hypertrophy of the articular 
processes, osteosclerosis, thinning of the articular 
cartilage with erosions and subchondral cyst forma-
tion, vacuum joint phenomenon or joint effusion, 
hypertrophy and/or calcifi cation of the joint capsule 
and ligamentum fl avum (Carrera et al. 1980).

Osteophyte formation is defi ned as excrescent 
new bone formation, lacking a medullary space, ars-
ing from the margin of the joint. Osteophytes pro-
truding ventrally from the anteromedial aspect of 
the facet joints may narrow the lateral recesses and 
intervertebral foramina causing central or lateral 
spinal canal stenosis (Wybier 2001).

Hypertrophy was defi ned as enlargement of an 
articular process with normal proportions of its 
medullary cavity and cortex (Carrera et al. 1980). 
Hypertrophy of the facet joints causes distortion of 
the articular surfaces which may be responsible for 

Fig. 7.6. Association between sagittal orientation and osteo-
arthritis of the facet joints. Axial CT clearly demonstrates 
facet joint tropism in this patient; the right facet joint has a 
more sagittal orientation when compared to the left side. As-
sociated osteoarthritis of the right facet joint with joint space 
narrowing, osteophytosis and osteosclerosis is observed
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pain, abnormal mechanical stress, and nerve root 
compression (Carrera et al. 1980). 

Fibrillation and later fi ssuring and ulceration 
of articular cartilage will develop, progressing 
from the superfi cial to the deep cartilage layers 
(Weishaupt et al. 1999). Osteochondral fragments 
that break off from the joint surface can act as joint 
mice. In advanced disease, the joints become de-
nuded from their articular cartilage and subchon-
dral bone sclerosis with degenerative cysts will ap-
pear (Schellinger et al. 1987).

The joint space may be preserved despite the pres-
ence of osteophytes and degenerative subchondral 
bone erosions. Narrowing of the joint space is fre-
quently observed and may be advanced in patients 
with facet joint erosive osteoarthritis and facet joint 
subluxation. Also widening of the facet joint space 
may be observed in advanced facet joint degenera-
tion with retrolisthesis due to facet joint posterior 
subluxation (Wybier 2001).

Pathria et al. (1987) used a four-point scale to 
grade facet joint osteoarthritis on oblique radio-
graphs and CT scans. These criteria were refi ned by 
Weishaupt et al. (1999) who used these criteria for 
grading osteoarthritis of the facet joints on CT and 
MR imaging. They are listed in Table 7.1.

The imaging techniques used for the evaluation 
of facet joint degeneration are standard radiographs, 
CT and MR imaging. Standard radiographs, espe-
cially without oblique views, are of limited value 
(Weishaupt et al. 1999). The double obliquity of the 
facet joints in transverse and sagittal planes, and the 
curvature of the articular surfaces makes plain fi lms 
less suited to the evaluation of facet joint degenera-

tion (Grenier et al. 1987). Only the portion of each 
joint that is oriented parallel to the X-ray beam is vis-
ible. Although it is a moderately insensitive technique 
compared to CT, it may be valuable in screening for 
facet joint osteoarthritis (Pathria et al. 1987). Osteo-
phytes, hyperostosis and facet joint narrowing may 
be observed on plain fi lm; also concomitant spondy-
lolisthesis may be demonstrated by standard radio-

Table 7.1. Criteria for grading osteoarthritis of the facet 
joints (after Weishaupt et al. 1999)

Grade Criteria

0 Normal facet joint space (2–4 mm width)

1 Narrowing of the facet joint space (<2 mm) and/or 
small osteophytes and/or mild hypertrophy of the 
articular processes

2 Narrowing of the facet joint space and/or moder-
ate osteophytes and/or moderate hypertrophy of 
the articular processes and/or mild subarticular 
bone erosions

3 Narrowing of the facet joint space and/or large 
osteophytes and/or severe hypertrophy of the 
articular processes and/or severe subarticular 
bone erosions and/or subchondral cysts

Fig. 7.7a,b. Osteophytosis of the superior articular processes. 
Sagittal T2-weighted image (a) and sagittal reformatted CT 
scan (b) of the lower lumbar spine demonstrate upward 
projection of an osteophytic spur arising from the superior 
articular process of L5 and S1 toward the L4–L5 and L5–S1 
intervertebral foramen respectively. This results in forami-
nal narrowing and nerve root compression. Mild fl uid accu-
mulation (a) and vacuum phenomenon (b) of the facet joint 
and associated disc degeneration is observed

b

a
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Fig. 7.8. Facet joint subchondral bone changes. Axial CT im-
age at the L4–L5 level shows degenerative changes of both 
facet joints, which is more pronounced at the left side. Hy-
pertrophy and osteosclerosis, joint space narrowing, osteo-
phytes and subarticular bone erosions (white arrows) are 
present

Fig. 7.9a–d. Joint space changes in facet joint osteoarthritis. Axial CT and axial MR T2-weighted image at the L4–L5 (a,b) 
and L5–S1 (c,d) levels in the same patient demonstrate facet joint degeneration. Osteophytes at the L4–L5 level can be better 
appreciated on CT (a), whereas fl uid accumulation in the facet joints is better seen on MR (b). Joint space narrowing of the 
left L5–S1 facet joint is observed on both modalities (c,d). Associated disc degeneration with an annular tear in the L4–L5 
intervertebral disc is seen (b)

a

c d

b
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graphs. More subtle changes, e.g. cartilage changes, 
and subchondral erosions can be better analyzed on 
axial CT and MR imaging. Both techniques have in-
trinsic high spatial and contrast resolution. In gen-
eral there is moderate to good agreement between MR 
imaging and CT in the assessment of facet joint osteo-
arthritis. Therefore, in the presence of an MR exami-
nation, CT is not required for the evaluation of facet 
joint degeneration. Conversely, it was demonstrated 

that CT was superior to MR imaging in the depiction 
of joint space narrowing and subchondral sclerosis 
(Weishaupt et al. 1999).

Using MR imaging, sagittal views are preferred 
for identifying the pathological level(s), measuring 
the sagittal diameter of the spinal canal, and for 
grading foraminal stenosis. Axial images at appro-
priate levels are preferred for a more precise analysis 
of the facet joints (cartilage, osteophytes), analysis 

Fig. 7.10. Vacuum joint phenomenon in facet joint osteoar-
thritis. Axial CT shows the presence of gas within the L4–L5 
facet joints, which may be explained as a result of uneven 
apposition of the joint surfaces. Associated hypertrophy and 
juxta-articular calcifi cations and osteophytes are present

Fig. 7.11a,b. Facet joint subluxation due to the sagittal orientation of the facet joints. Axial (a) and sagittal 
reformatted CT (b). Axial CT shows loss of the normal coincidence of the facet joints (a). This is the result of 
the sagittal orientation of the facet joints and associated retrolisthesis L2–L3 can be observed (b)

a b
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Fig. 7.13a–c. Juxtafacet (ganglion) cyst arising from the left facet joint. Sagittal T1-weighted image (a), sagittal T2-weighted 
image (b), and axial T2-weighted image (c) show a cystic lesion arising from the anteromedial aspect of the left facet joint. 
The content from the cyst appears mildly hyperintense on T2-weighted image and is of intermediate signal intensity on 
T1-weighted image (a). A low signal intensity rim is observed on T2-weighted images (b,c). Facet joint degeneration with 
joint space narrowing at the right side and joint effusion at the left side is noted (c). The cyst causes compression of the 
thecal sac and obliteration of the left lateral recess is seen. Resection of the cyst was performed and pathology revealed the 
diagnosis of ganglion cyst

a b c

Fig. 7.12a,b. Grading facet joint osteoarthritis. Axial CT at the L4–L5 (a) and L5–S1 (b) level in a patient with multilevel 
facet joint degeneration. Grade 1 osteoarthritis of the right facet joint (mild hypertrophy) and grade 2 osteoarthritis of the 
left facet joint (narrowing of the joint space, moderate hypertrophy and osteophytes, mild subarticular erosions) is seen at 
the L4–L5 level (a). Grade 3 osteoarthritis of the L5–S1 facet joints. Severe degeneration of the facet joints with joint space 
narrowing, hypertrophy of the articular processes, large osteophytes and subarticular bone erosions can be noticed (b)

a b
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of posterior soft tissue elements (i.e. ligamentum fl a-
vum) and measurement of the transverse diameter 
of the spinal canal (Grenier et al. 1987).

With the introduction of multirow-detector CT 
(MDCT), high-resolution reformats in the sagittal and 
coronal planes have now become routinely available. 
The role of this technique in the evaluation of spinal 
trauma patients has been validated (Van Goethem 
et al. 2005). It may replace plain radiographic clear-
ance of the cervical spine in trauma situations, elimi-
nate MRI in some degenerative diseases, and allow 
dynamic studies such as fl exion-extension or rota-
tional movements (Anderson 2003). To the best of 
our knowledge, no studies have been published yet to 
demonstrate the added value of MDCT with sagittal 
reformats in the analysis of facet joint osteoarthritis.

7.4.2 

Associated Soft Tissue Changes

Soft tissue changes associated with facet joint degen-
eration include: degenerative cysts arising from the 
facet joints (so-called juxtafacet cysts), ligamentum 
fl avum cysts, and hypertrophy and/or calcifi cation 
of the ligamentum fl avum.

7.4.2.1 

Degenerative Cysts Arising from the Facet Joints: 

Juxtafacet Cysts

Spinal synovial cysts are grouped with ganglion 
cysts under the heading “juxtafacet” or “juxta-ar-
ticular” cysts. This term refl ects the close anatomic 
relationship between the cyst and the spinal facet 
joint capsule (Paolini et al. 2002). 

Synovial cysts are periarticular cysts of the sy-
novial membrane, with a membrane attached to the 
joint capsule. They contain clear or yellow mucinous 
fl uid or gas. The walls are of loose myxoid connec-
tive or fi brocollagenous tissue with a synovial lining. 
In contrast, ganglion cysts have no connection to the 
joint and no synovial lining. They contain myxoid 
material. The consistency of fl uid within the cysts 
varies greatly because of hemorrhage and infl am-
mation (Stoodley et al. 2000).

Juxtafacet cysts are not evenly distributed in the 
spine. The lumbar spine is by far the predominant site 
of symptomatic cysts and most cysts are observed at 
the L4–L5 level, which generally has the most motion 
within the lumbar spine. Lumbar juxtafacet cysts are 
increasingly being reported, probably related to the 

increased number of MR examinations (Apostolaki 
et al. 2000). In the cervical and thoracic spine, only a 
handful of cases have been reported in the literature 
(Song et al. 2006). Those occurring in the cervical 
spine may not only arise from the facet joint, but in 
approximately half of cases they arise from the cruci-
ate ligament of the atlas (Stoodley et al. 2000).

Synovial cysts of the facet joints are almost in-
variably associated with osteoarthritis of the facet 
joints. The most accepted explanation for their 
pathogenesis is increased motion of the facet joint. 

This instability could predispose to herniation of 
the synovium through tears in the facet joint capsule 
(Apostolaki et al. 2000). An association of juxta-
facet cysts with trauma (Paolini et al. 2002), rheu-
matoid arthritis, spondylolysis, chondrocalcinosis 
(Gadgil et al. 2002), and Baastrup’s disease (Chen 
et al. 2004) has also been reported. 

In a large retrospective study, Doyle and 
 Merrilees (2004) observed posterior cysts, exter-
nal to the vertebral canal, four times as often as an-
terior cysts. Anterior cysts, projecting into the verte-
bral canal, had a prevalence of 2.3%; posterior cysts 
a prevalence of 7.3%.

In the lumbar spine, these cysts may cause low-
back pain and radicular symptoms by direct com-
pression of the thecal sac and/or nerve roots in the lat-
eral recesses. Also an infl ammatory response around 
the cyst may cause sciatica (Apostolaki et al. 2000). 
Depending on the size and location of the cyst, neuro-
genic claudication may be the presenting complaint. 
Spinal stenosis may be observed on imaging studies. 
It is extremely rare for facet joint cysts to cause symp-
tomatic cauda equina compression (Shaw and Birch 
2004). Radiculopathy is an unusual presentation in 
cervical cysts (Stoodley et al. 2006).

The natural history of these lesions is unclear; al-
though they may resolve spontaneously, this is very 
rare (Swartz and Murtagh 2003). Juxtafacet cysts 
may occasionally enlarge and cause severe symp-
toms within months. Hemorrhage is a well-known 
cause of rapid or even dramatic cyst enlargement 
(Paolini et al. 2002).

Symptomatic radiculopathy and myelopathy are 
indications for surgical treatment. Often there is an 
associated spondylotic spinal stenosis that is an indi-
cation for generous laminectomy and decompression 
in addition to cyst removal. If there is no associated 
canal stenosis, excision of the cyst with minimal ex-
posure can be performed (Stoodley et al. 2000).

Various imaging techniques including MR im-
aging, CT, myelography, CT myelography, facet 
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arthrography and CT facet arthrography have 
been used to identify intraspinal facet joint cysts 
( Apostolaki et al. 2000).

MR imaging is the diagnostic imaging technique 
of choice due to its high sensitivity (Hagen et al. 
2001). On MR imaging, intraspinal synovial cysts are 
depicted as sharply marginated epidural masses near 
the facet joint. In some cases, MR imaging may dem-
onstrate the communication with the facet joint. 

The signal intensity of the cysts is equal to or 
slightly greater than that of cerebrospinal fl uid (CSF) 
on both T1- and T2-weighted images. Synovial cysts 
with high signal on T1- and T2-weighted images in-
dicate the presence of subacute breakdown products 
of blood. All synovial cysts have a low signal intensity 
rim at the periphery that is accentuated on long TR/TE 
sequences. After administration of gadolinium these 
cysts show rim enhancement ( Tillich et al. 2001).

The differential diagnosis of a well-defi ned, round, 
T2-hyperintense epidural lesion in the posterior or 
lateral spinal canal is broad, and includes juxtafacet 
cyst, ligamentum fl avum cyst, disc cyst, sequestered 
disc fragment, infectious (e.g. cysticercosis or hydatid) 
cyst, arachnoid cyst (rare in the lumbar spine), and 
neoplasm (cystic degeneration in a neurofi broma or 
schwannoma) (Mahallati et al. 1999;  Apostolaki 
et al. 2000). It may be diffi cult to differentiate juxta-
facet cysts from ligamentum fl avum hematoma in 
post-trauma cases (Hirakawa et al. 2000).

The typical appearance on CT is of a rounded 
mass of low attenuation adjacent to the facet joint. 
CT may show egg-shell calcifi cations of the wall of 
the cyst (Lunardi et al. 1999) and gas inside the cyst 
(Stoodley et al. 2000).

Facet joint arthrography and CT arthrography 
can be performed in cases with a diffi cult differential 
diagnosis to determine whether a communication 
exists between the cyst and the facet joint (Schmid 
et al. 2002). Subsequent injection of long-acting ste-
roids and local anesthetics may be a useful alterna-
tive to surgical removal in some cases ( Sarazin et 
al. 1999; Sauvage et al. 2000).

In patients with radicular pain, nonsurgical man-
agement does not appear to be as successful as sur-
gery (Shah and Lutz. 2003). Surgical removal of 
the cyst is a safe and effective treatment for symp-
tomatic relief in patients with lumbar synovial cysts 
(Hsu et al. 1995). A concomitant fusion procedure 
may be performed in selected cases (spinal instabil-
ity, spondylolisthesis) (Lyons et al. 2000). 

7.4.2.2 

Cysts of the Ligamentum Flavum

Ligamentum fl avum cysts are rare (Terada et al. 
2001). They are different from synovial and gan-
glion cysts in that they arise from, or are partially 
embedded in, the ligamentum fl avum rather than 

Fig. 7.14a,b. CT aspect of a juxtafacet cyst arising from the right facet joint. Axial (a) and sagittal (b) reformatted 
CT images show a juxtafacet cyst arising from the right facet joint. Gas inside the cyst is observed (white arrows). 
Associated facet joint degeneration (joint space narrowing), is demonstrated. There is obliteration of the right 

a b
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being closely related to the facet joint. The develop-
ment of these cysts may be related to necrosis or 
myxoid degeneration occurring in a hypertrophied 
ligamentum fl avum (Cakir et al. 2004). On histol-
ogy, myxoid degeneration with reactive hypervas-
cularity is found; a synovial lining is not identi-
fi ed ( Mahalatti et al. 1999). Chronic degenerative 
changes in the ligamentum fl avum, followed by (re-
peated) hemorrhage gives rise to small degenerative 
cysts which enlarge and coalesce to form a large cyst 
( Cakir et al. 2004).

As with juxtafacet cysts, they are typically located 
at the L4–L5 level. Usually they are associated with 
degenerative changes, but they can be found in the ab-
sence of facet joint degeneration, which may be helpful 
in the differential diagnosis (Terada et al. 2001). 

Although ligamentum fl avum cysts may have 
similar imaging characteristics as juxtafacet cysts, 
such a differentiation may be helpful to the surgeon, 
as the former are easier to resect by means of a stan-
dard laminectomy. 

On imaging, an intraspinal, extradural mass ad-
jacent to the ligamentum fl avum is found. On CT, 
the lesion has a low density attenuation. Unlike in 
synovial or ganglion cysts, rim calcifi cation has not 
been reported (Terada et al. 2001). On MRI, a well-
defi ned, round to ovoid cystic mass lesion is ob-
served. It has a high signal intensity on T2-weighted 
images with a low signal intensity rim. Thick pe-
ripheral enhancement after gadolinium injection is 
seen ( Mahalatti et al. 1999).

7.4.2.3 

Ligamentum Flavum Hypertrophy

Symmetrical thickening of the ligamenta fl ava is a 
frequently observed fi nding in facet joint arthropa-
thy. It results from joint effusion, progressive liga-
mentous fi brosis, calcifi cation and/or ossifi cation 
(Wybier 2001).

Calcifi cations of the ligamenta fl ava have been ob-
served in patients with diffuse idiopathic skeletal hy-
perostosis (DISH) and ankylosing spondylitis. Calci-
fi cations are also associated with metabolic diseases 
such as renal failure, hypercalcemia, hyperparathy-
roidism, hemochromatosis, and pseudogout. At the 
periarticular level, however, it is generally considered 
a sign of degenerative disease, whereas at the levels of 
insertions, it is considered a normal variant related to 
traction (Ruiz Santiago et al. 1997).

Degenerative changes, mainly at the level of the 
facet joints, are strongly associated with ligamen-

tum fl avum and posterior capsule calcifi cations. 
These degenerative changes have a higher incidence 
with age (Ruiz Santiago et al. 1997).

Calcifi cation of spinal ligaments, the ligamentum 
fl avum and especially the posterior longitudinal liga-
ment, is a well-known cause of compressive myelopa-
thy and radiculopathy at the cervical and thoracic 
levels. Calcifi cation and/or ossifi cation of the thoracic 
ligamenta fl ava (OLF) is a rare disease that mainly has 
been reported in the Japanese-Asian literature and is 
very rare in the Caucasian population. It may cause 
spinal stenosis in the thoracic region with compressive 
myelopathy with or without radiculopathy (Xiong et 
al. 2001). In the literature, OLF predominantly affects 
males younger than 50 years. The most common 
clinical picture consists of progressive thoracic my-
elopathy, resulting in spastic paraparesis (Pascal-
Moussellard et al. 2005). The lower one-third of the 
thoracic spine (T9–T12) is the most common location, 
and the cervical spine is rarely affected. The patho-
genesis of OLF is poorly understood; developmental, 
mechanical and/or degenerative changes are thought 
to be involved (Xiong et al. 2001). 

Histopathological examination of OLF typically 
shows mature bone. The ligamentum fl avum is pro-
gressively replaced by lamellar bone through a process 
of endochondral ossifi cation. This process appears to 
begin near the facet joint, at the junction between the 
joint capsule and the ligamentum fl avum, where a 
proliferation of cartilaginous tissue triggers the os-
sifi cation (Pascal-Moussellard et al. 2005). 

CT and MR imaging are preferred over plain radi-
ography and myelography to demonstrate the shape, 
location, distribution, and level(s) of the OLF as well 
as the relative degree of spinal stenosis (Xiong et al. 
2001). CT is the imaging modality of choice, reveal-
ing the pathognomonic intensely radiodense lines 
highlighting laminae, bilaterally in most cases of OLF. 
The latter tend to develop from the medial aspect of 
the pedicles near the insertion of the ligamentum 
fl avum in the joint capsule and progress toward the 
midline, creating a characteristic V-shape with ante-
rior concavity situated in the epidural space ( Pascal-
 Moussellard et al. 2005). Sagittal CT reconstructions 
are useful for distinguishing OLF from calcifi cation of 
the ligamenta fl ava, which is the only differential diag-
nosis of OLF. MR imaging has the advantage over CT 
that it directly shows the effects of spinal cord com-
pression when present (Yamashita et al. 1990; Hirai 
et al. 2001).

Ossifi cation of the posterior longitudinal ligament 
(OPLL), which is most frequently observed in the 
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cervical and more rarely in the thoracic and lumbar 
region, may be an associated fi nding. Also thoracic 
disc herniations may be observed in these patients 
(Yamashita et al. 1990); they also show a tendency 
to calcify and ossify (van den Hauwe et al. 1993). 

Spinal involvement with calcifi cation of the liga-
menta fl ava due to calcium pyrophosphate dihydrate 

(CPPD) deposition disease, also known as pseudog-
out, is rare, but may also lead to spinal stenosis and 
spinal cord compression. When involved, the cer-
vical and lumbar regions are commonly affected 
(Muthukumar et al. 2000). CPPD deposition may 
be associated with hyperparathyroidism and hae-
mochromatosis (Brown et al. 1991).

a
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c

Fig. 7.15a–d. Spinal stenosis due to an enlarging juxtafacet cyst. Sagittal (a,c) and axial (b,d) T2-
weighted images of the lumbar spine in a 70-year-old women suffering from low back pain, presents 
now with left-sided sciatica. MR examination (a,b) demonstrates multi-level degenerative changes; 
degenerative spondylolisthesis at the L5-S1 level and a L4-L5 disc protrusion with associated facet 
joint osteoarthritis is seen. A small juxtafacet cyst may be observed obliterating the left lateral 
recess (b). A repeat MR study, performed one year later (c,d), shows a remarkable enlargement of 
the cyst with thecal sac compression and lateral canal stenosis. Direct communication with the left 
facet joint (white arrow) is demonstrated on the axial image (d). The cyst was removed surgically 
and diagnosis of synovial cyst of the facet joint was made
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7.4.3 

Other Degenerative Changes of the Neural Arch

7.4.3.1 

Neural Arch Intervertebral Neoarthrosis 

Excessive lumbar lordosis is frequently associated 
with spine degeneration, especially in women after 
menopause. Approximation of adjacent vertebral 
neural arches may result in abnormal bony contacts 
in different areas and may even result in a neoar-
throsis (Wybier 2001). Associated remodelling or 
bony sclerosis of the pedicles and laminae may occur 
in these patients.

7.4.3.2 

Spinous Process Abnormalities (Baastrup’s Disease) 

and Associated Ligamentous Changes

Baastrup’s disease, also known as kissing spine, has 
been described as a cause of low-back pain. It is 
characterized by close approximation and contact of 
adjacent spinous processes with resultant enlarge-
ment, fl attening and reactive sclerosis of the appos-
ing interspinous surfaces (Chen et al. 2004). Neo-
arthrosis between the spinous processes has been 
described. Patients with Baastrup’s disease may 
experience pain owing to irritation of the perios-
teum or adventitial bursae between abutting spinous 
processes (Pinto et al. 2004). Interspinous bursitis 
may communicate with the facet joints at the same 
intervertebral level. They may be treated with ste-
roid injections (Wybier 2001).

Extension of the synovial cavity to the intraspi-
nal space may result in cyst formation. The cyst can 
enter the epidural space through the midline cleft of 
the ligamentum fl avum to result in extradural com-
pression (Rajasekaran and Pithwa 2003; Chen et 
al. 2004).

On imaging, profound fatty replacement of the 
paraspinal musculature is frequently observed in 
Baastrup’s disease (Haig et al. 2001).

7.4.4 

Foraminal Stenosis

Facet joint osteoarthritis has been recognized as an 
important cause of acquired lumbar spinal stenosis. 
It can produce central, lateral and foraminal steno-
sis (Schellinger et al. 1987). Although the topic 
of spinal stenosis is covered in detail in Chapter 8, 

acquired foraminal stenosis as a result of facet joint 
osteoarthritis will be discussed briefl y.

The normal intervertebral foramen is shaped 
like an inverted teardrop, and its height and cross-
sectional area vary from 11 to 19 mm and from 40 
to 160 mm2, respectively. The intervertebral fora-
men of the lumbar spine changes signifi cantly not 
only on fl exion-extension but also on lateral bend-
ing and axial rotation (Fujiwara et al. 2001b). Fo-
raminal height ranges between 19 mm and 21 mm 
and the superior and inferior sagittal diameter of 
the foramen ranges between 7 mm and 8 mm and 
between 5 mm and 6 mm, respectively (Cinotti et 
al. 2002).

Instead of measuring the dimensions of the 
intervertebral foramen, a qualitative scoring sys-
tem (Table 7.2) introduced by Wildermuth et al. 
(1998) can be used to determine foraminal nar-
rowing. 

Disc narrowing signifi cantly reduces the forami-
nal height at each intervertebral level but has little 
effect on the sagittal dimensions of the interverte-
bral foramen. This is due to the peculiar morphol-
ogy of the lower lumbar vertebrae, which reduces 
the risk of intraforaminal nerve root compression in 
patients with marked disc degeneration and sublux-
ation of the superior facet joint (Cinotti et al. 2002). 
The foraminal width was found to be related to the 
dimensions of the spinal canal and pedicle length 
(Cinotti et al. 2002). 

Foraminal stenosis with compression of the 
spinal nerve within the intervertebral foramen 
is a distinct feature of lateral spinal stenosis, al-
though lateral recess stenosis may be more com-

Table 7.2. Criteria for grading foraminal of the facet joints 
(after Wildermuth et al. 1998)

Grade Criteria

0 Normal intervertebral foramina; normal dorso-
lateral border of the intervertebral disc and nor-
mal form at the foraminal epidural fat (oval or 
inverted pear shape)

1 Slight foraminal stenosis and deformity of the epi-
dural fat, with the remaining fat still completely 
surrounding the exiting nerve root

2 Marked foraminal stenosis, with epidural fat only 
partially surrounding the nerve root

3 Advanced stenosis with obliteration of the 
epidural fat



  Pathology of the Posterior Elements 173

Fig. 7.16a–f. Ligamentum fl avum cyst 
in a 59-year-old man with neurogenic 
claudication. Sagittal T2-weighted 
image (a), sagittal T1-weighted im-
ages before (b) and after (c) Gd-in-
jection, axial T2-weighted image (d), 
contrast-enhanced axial T1-weighted 
image (e) and MR-myelogram (f). 
A cystic mass in the posterior epidu-
ral space at the L2–L3 level is visible 
(white arrows). A low signal intensity 
on T1-weighted image (b), central 
hyperintensity with low signal inten-
sity rim on T2-weighted images (a,d) 
and peripheral rim enhancement (c,e) 
after Gd-injection is observed. Axial 
images show the midline location of 
the lesion, possibly arising from the 
right liamentum fl avum, and without 
direct contact with the facet joints. 
Compression of the thecal sac with 
central spinal canal stenosis is seen. 
Redundant nerve roots of the cauda 
equina (black arrows), proximal to 
the stenosis are demonstrated on 
both sagittal T2-weighted image (a) 
and MR-myelography (f). Diagnosis 
was confi rmed on pathology

a b c

d

e f



174 L. van den Hauwe

mon than foraminal stenosis (Fujiwara et al. 
2001a). The emerging and exiting nerve root may 
be compressed at various levels along its descent. 
Compression of the nerve may be the result of an 
enlarged superior articular facet or by focal osteo-
phytic spurs. Rostrocaudal subluxation of the facet 
joints will constrict the upper part of the interver-
tebral foramen and present an obstacle to the nerve 
root (Schellinger et al. 1987).

In degenerative spondylolisthesis, the anterior 
slipping of the inferior articular processes may 
cause lateral or central stenosis but not foraminal 
stenosis, whereas both retrolisthesis and isthmic 
spondylolisthesis may cause a foraminal stenosis 
(Cinotti et al. 2002).

In patients with combined developmental and de-
generative stenosis, a marked disc narrowing may 
further reduce the foraminal width because bulging 
of a hypertrophic ligamentum fl avum is frequent in 
these patients (Cinotti et al. 2002).

Positional pain differences may be related to po-
sition-dependent changes in foraminal size and may 
therefore only be demonstrated using positional MR 
imaging. This technique may demonstrate minor 
forms of neural compromise in these patients, which 
may remain non-visible with conventional MR im-
aging. (Weishaupt et al. 2000).

Fig. 7.18. Ligamentum fl avum calcifi cation in pseudogout 
(CPPD). Axial CT shows bilateral ligamentum fl avum cal-
cifi cations (white arrows) in a patient known with pseudo-
gout. Pseudogout is a crystal-induced arthropathy, which is a 
debilitating illness in which pain and joint infl ammation are 
caused by the formation of calcium pyrophosphate (CPP) crys-
tals within the joint space. It is sometimes referred to as calcium 
pyrophosphate disease (CPPD). Important associated facet 
joint degeneration is observed. (Courtesy: F.  Vanhoenacker, 
Belgium)

Fig. 7.17a,b. Ligamentum fl avum hypertrophy and calcifi cation. Axial (a) and sagittal reformatted 
CT (b) images show degenerative spondylolisthesis, as a result of sagittal oriented facet joints with 
osteoarthritic changes and subluxation of the facet joints. Associated hypertrophy and calcifi cations 
(white arrows) of the ligamentum fl avum is seen. All these degenerative changes result in spinal 
stenosis. Protruded discs at the L4–L5 and L5–S1 level may be observed as well
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7.5 
Spondylolisthesis-Spondylolysis

Spondylolisthesis (also known as anterolisthesis) is 
defi ned as an anterior displacement of a vertebra 
relative to the vertebra below, whereas the reverse, 
i.e. when the superior vertebra slips posterior to that 
below, is called retrolisthesis (Butt and  Saifuddin 
2005). Based on etiology, spondylolisthesis has been 
classifi ed by Wiltse et al. (1976). A revised version of 
this classifi cation is shown in Table 7.3. Only type 2, 
isthmic spondylolisthesis, and type 3, degenerative 
spondylolisthesis, will be discussed in this chapter, 
since Chapters 8 and 9 also deal with spondylolis-
thesis.

Table 7.3. Etiology of lumbar spondylolisthesis (after  Wiltse 
et al. 1976)

Type Cause

1. Dysplastic Congenital dysplasia of the articular 
processes

2. Isthmic Defect in the pars articularis

3. Degenerative Degenerative changes in the facet 
joints

4. Traumatic Fracture of the neural arch other than 
the pars articularis

5. Pathological Weakening of the neural arch due to 
disorders of the bone

6. Iatrogenic Excessive removal of bone following 
spinal decompression

Fig. 7.19a,b. Neural arch intervertebral neoarthrosis. Sagittal reformatted CT images at the level of the facet 
joints (a) and in the midsagittal plane (b). Grade 1 degenerative spondylolisthesis at the L4–L5 level (double 
arrows). Curved remodeling associated with osteophytic overgrowth and fragmentation of the apex of the L5 
superior articular process (black arrowhead) and abnormal bony contact and neoarthrosis formation with 
the inferior aspect of the L4 pedicle (a). Concomitantly, a neoarthrosis is formed between the apex of the L4 
inferior articular process and the posterior aspect of the L5 pars interarticularis (white arrow, a). In the mid-
sagittal plane (b), spinous process collision of adjacent vertebrae (white arrows) with progressive interspinous 
degenerative changes (Baastrup’s phenomenon). Bulging of the posterior epidural fat with impressions on 
the posterior aspect of the thecal sac
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7.5.1 

Grading of Lumbar Spondylolisthesis

The forward slip of the upper vertebra is measured 
using the method of Meyerding, or the method de-
scribed by Taillard. Using the method of Meyerding, 
the anteroposterior (AP) diameter of the superior 
surface of the lower vertebra is divided into quarters 
and a grade of I– IV is assigned to slips of one, two, 
three or four quarters of the superior vertebra, re-
spectively. The other method, described by Taillard, 
expresses the degree of slip as a percentage of the AP 
diameter of the top of the lower vertebra (Butt and 
Saifuddin 2005).

7.5.2 

Type 2, Isthmic Spondylolisthesis: Spondylolysis

Isthmic spondylolisthesis occurs when a bilateral 
defect in the pars interarticularis is present. The 
pars interarticularis (also known as the isthmus) 
is the part of the neural arch that joins the su-

perior and inferior articular processes. A defect 
at this point functionally separates the vertebral 
body, pedicle, and superior articular process from 
the inferior articular process and remainder of the 
vertebra. Thus, the defect cleaves the vertebra into 
two parts. The portion of the vertebra posterior to 
the defect remains fi xed, and the anterior portion 
has the potential to slip forward relative to the 
posterior structures and the spine below. Isthmic 
spondylolisthesis can be further categorized into 
three subtypes (Wiltse et al. 1976).

In type 2a, a lytic pars defect is present, due to 
a congenital weakness in the bone and/or repeated 
mechanical strain. Under the age of 50, it is the com-
monest cause of lumbar spondylolisthesis. Most 
defects are believed to begin as a stress fracture 
that most likely persists because of continued mo-
tion (especially extension movements of gymnasts, 
which have been implicated in causing the fractures 
in the fi rst place), which usually impairs bone heal-
ing. The incidence in men is twice that in women. 
The L5–S1 segment is the most commonly affected 
segment (Butt and Saifuddin 2005).

Fig. 7.20a,b. Methods of grading lumbar spondylolisthesis. The method of Meyerding (a): lateral radio-
graph of the lumbar spine in type 2b isthmic spondylolisthesis (double arrows) shows a grade II slip. 
The method of Taillard (b) in the same patient shows an approximately 35% slip

ba
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In type 2b, the elongated pars is a true stress frac-
ture of the pars. Repeated trauma results in microfrac-
tures, which may heal over time, and the elongated 
pars is no longer able to check the forward movement 
of the vertebrae. In contrast with type 2a, this condi-
tion is very rare (Butt and Saifuddin 2005).

In type 2c, the pars fractures as a result of direct 
trauma.

Nerve root compression in isthmic (lytic) spon-
dylolisthesis typically occurs at the level of the inter-
vertebral foramen, due to a combination of reduced 
foraminal height, caused by the more horizontal ori-
ented (elongated) aspect of the foramen, and the as-
sociated (pseudo-)bulging/protrusion of the inter-
vertebral disc into the foramen, which compresses 
the exiting nerve root against the undersurface of 
the pedicle (Butt and Saifuddin 2005). In addi-
tion, the spinal canal is widened. 

Imaging of spondylolisthesis and spondylolysis 
can be done using plain fi lm radiography, CT and/or 
MR imaging. A lateral view will demonstrate spon-
dylolisthesis and the grade of listhesis can be mea-
sured. The pars defect may or may not be visualized 
on the lateral view, and oblique views are especially 

useful for visualizing the pars defect, which has the 
appearance of a Scottie dog with a collar. An elon-
gated pars may also be observed.

Both sagittal CT reformats and sagittal MR im-
ages demonstrate the levels involved and the grade 
of spondylolisthesis can be evaluated. CT will bet-
ter demonstrate the pars defect in detail. Associ-
ated disc degeneration and disc bulging/protrusion 
may be observed. Foraminal height reduction with 
compression of the exiting nerve root between the 
bulging disc and the undersurface of the pedicle is 
obviously demonstrated on both techniques (Butt 
and Saifuddin 2005). The increased AP canal di-
mension identifi ed on mid-sagittal MR images or 
reformatted CT allows for the differentiation be-
tween isthmic and degenerative spondylolisthesis 
to be made with a high degree of accuracy (Ulmer 
et al. 1994).

Scintigraphy can be used to detect pars micro-
fractures in the absence of a lytic defect (type 2b) 
and to determine the process of healing of these fa-
tigue fractures (Sys et al. 2001). In young patients, 
MR imaging should be the fi rst and only imaging 
modality with low-back pain during and after ex-

Fig. 7.21a,b. Type 2b isthmic spondylolisthesis. Lateral (a) and oblique radiograph (b) of the lumbar spine demonstrate bilat-
eral L5 pars defects (white arrows) with associated grade I L5–S1 isthmic spondylolisthesis. The pars defect has the typical 
appearance of a Scottie dog with a collar on oblique radiographs (b). Associated L5–S1 disc degeneration is observed
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Fig. 7.22a-d. CT and MR imaging in type 2b isthmic spondylolisthesis. Sagittal T2-weighted images (a,b) and 
sagittal reformatted CT images (c,d) show grade I isthmic spondylolisthesis with associated protrusion of 
the disc. Both CT and MR images demonstrate foraminal height reduction with compression of the exiting 
nerve root (white arrows) between the protruding disc and the undersurface of the pedicle (b,d). CT better 
demonstrates the pars defect (asterisk) in detail (d). The increased AP canal dimension (black double arrows) 
identifi ed on mid-sagittal MR images (a) or reformatted CT (b) may help in differentiating between isthmic 
and degenerative spondylolisthesis

c d
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ercise and pain with hyperextension. High signal 
intensity in the pars interarticularis and pedicle 
on fat-suppressed T2-weighted images indicating 
bone marrow edema is frequently observed. Bone 
scans and CT should be avoided due to irradiation 
(Stäbler et al. 2000). 

7.5.3 

Type 3, Degenerative Spondylolisthesis

This is the commonest cause of lumbar spondylo-
listhesis above the age of 50. Degenerative changes 
of the facet joints and associated disc degenera-
tion are responsible for the anterior slip, which is 
usually mild. A more sagittal orientation of the 
facet joints is typically observed in these patients 
(Boden et al. 1996; Fujiwara et al. 2001). As the 
neural arch is intact, even a small progression 

in the slip may cause cauda equina syndrome. 
Women are four times more affected than men. 
Most commonly, the L4–L5 level is involved and 
its incidence increases four times if there is a sa-
cralized L5. Clinical symptoms include low-back 
pain and leg pain as a result of disc and facet joint 
degeneration, lateral recess and foraminal steno-
sis leading to nerve root compression. With pro-
gression of the spondylolisthesis, the symptoms 
may change from low-back pain to neurogenic 
claudication due to central canal stenosis (Butt 
and Saifuddin 2005).

Lateral plain fi lm shows anterolisthesis, degen-
erative changes of the facet joints, and disc space 
narrowing. Malalignment of the spinous processes 
with anterior slip of the spinous process relative to 
the spinous process of the lower vertebra allows dif-
ferentiation from isthmic spondylolisthesis (Butt 
and Saifuddin 2005).

Fig. 7.23a,b. Malalignment of the spinous processes in type 3 degenerative spondylolisthesis. Lateral radiographs 
(a,b) of the lumbar spine show grade I degenerative L4–L5 and grade II L5–S1 spondylolisthesis. Malalignment of 
the spinous processes (white arrows) with anterior slip of the L4 spinous process relative to L5 allows differentiation 
from isthmic spondylolisthesis (b). Associated disc space narrowing at the L3-L4, L4-L5 and L5-S1 levels is seen
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CT and MR imaging demonstrate degeneration 
of the facet joints and associated spondylolisthesis. 
The sagittal orientation of the facet joints can be 
evaluated. Both techniques allow for direct visual-
ization of disc degeneration and disc bulging. Sag-
ittal images demonstrate narrowing of the central 
canal, lateral recess and intervertebral foramina 
with associated compression of the cauda equina 
and exiting nerve roots. Thickening of the liga-
menta fl ava may add to central canal and lateral 
recess stenosis. Anterior slip of the inferior articu-

lar process will narrow the inferior aspect of the 
lateral recess and the intervertebral foramen (Butt 
and Saifuddin 2005). 

Bone marrow signal intensity changes in the ped-
icle are not a specifi c sign of spondylolysis; they are 
commonly observed in patients with degenerative 
facet joint disease. These bone marrow changes are 
probably a response to abnormal stresses related to 
abnormal motion or loading caused by the degen-
erative changes in the spinal segment. (Morrison 
et al. 2000).

Fig. 7.24a–d. Value of MDCT in type 3 degenerative spondylolisthesis. MDCT of the lumbar spine (same patient 
as in Fig. 7.23) with sagittal (a,b) and axial (c,d) reformats shows grade I degenerative spondylolisthesis at the 
L4–L5 and L5–S1 levels. Associated degenerative disc disease with disc space narrowing, vacuum phenomenon 
in the intervertebral discs and disc protrusion (black arrows) is seen (a,b and d). Malalignment of the spinous 
processes (white arrows) with anterior slip of the L4 spinous process relative to L5 is typical for degenerative 
spondylolisthesis (a). Extensive facet joint osteoarthritis, narrowing of the L4-L5 and L5-S1 intervertebral fo-
ramina with nerve root compression (black arrowhead) is observed (b,d)

a

c

b

d



  Pathology of the Posterior Elements 181

Fig. 7.25a–d. MR imaging in type 3 degenerative spondylolisthesis. Sagittal T2-weighted image (a), sagittal T1-weighted im-
age (b) of the lumbar spine and axial T2-weighted image at the L3–L4 (c) and the L4–L5 level (d) show a grade I degenerative 
spondylolisthesis at both levels. Disc degeneration with disc space narrowing, signal loss and bulging of the intervertebral 
disc is observed. Facet joint osteoarthritis with joint space narrowing, hypertrophy and marked thickening of the ligamen-
tum fl avum is observed. These degenerative changes result in spinal stenosis

b
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8.1 
Introduction

Spinal stenosis is defi ned as a reduction of the diam-
eters of the spinal canal. The size of the spinal canal 
varies according to location and several correspond-
ing diameters are recognized (sagittal, interpedun-
cular, interarticular, depth of lateral recesses). Spinal 
stenosis may lead to neurological disorders associ-
ated with compression of the nervous structures con-
tained in this canal (spinal cord, conus medullaris, 
cauda equina, nerve roots, meninges).

According to epidemiological data, the incidence 
of congenital stenosis is low and the incidence of 
degenerative stenosis, the main cause of stenosis 
with regard to both disco-somatic and ligamentous 
components, increases with age, starting at 30 to 
40 years. It consequently leads to considerable so-
cio-economic repercussions and both conservative 
and surgical treatment.

For a long time, if spinal stenosis was sus-
pected, the spine was studied only with plain film 
myelography. Later, the use of computed tomog-
raphy (CT) and magnetic resonance imaging (MR 
imaging), both non-invasive techniques, allowed 
a better evaluation of the spinal canal and, in par-
ticular, of the lateral recesses and intervertebral 
foramina.

While MR imaging has been considered useful 
for the study of soft tissues and for an overview of 
the spine and its content, CT is important for the 
study of bony structures. Although it is invasive and 
was mostly replaced by MR imaging, conventional 
dynamic myelography until recently remained the 
only examination technique capable of evaluating 
changes in the vertebral canal’s caliber and in spi-
nal cord or radicular confl icts, during physiological 
loading. 

In general, MR-examinations are limited to the 
supine position, which cannot always give a clear 
answer to some clinical conditions. More recently, 
stand-up MR equipment has allowed the implemen-
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K E Y - P O I N T S

Defi nition:

Spinal stenosis is a clinical condition in 
which the dimensions of the spinal canal 
have reached a critical value with neurologi-
cal symptoms, related to direct compression 
of its’ contents (i.e. dural sac, spinal cord and 
nerves).

Spinal stenosis may be classifi ed:

according to etiology: congenital, acquired or 
combined

according to location: central, lateral, forami-
nal and/or concentric

and graded as: slight, moderate, severe

Etiology:

congenital: most frequent in the lumbar 
spine and idiopathic (racial and regional 
differences)

prenatal factors (e.g. IUGR, gestation dura-
tion, …)
anomalies in vertebral development
congenital spondylolisthesis
metabolic disorders: e.g. mucopolysacchari-
dosis
skeletal dysplasia: achondroplasia, Gorlin’s 
syndrome, …

acquired: most frequent cause of spinal 
stenosis, both in lumbar and cervical region

degenerative pathology (discovertebral, facet 
joints, ligamentous)
rheumatic diseases, crystal deposition dis-
eases, metabolic and endocrine diseases, 
osteodystrophy
traumatic disease (especially at the cervical 
and thoracolumbar region)
epidural lipomatosis

Clinical picture:

varies according to

neurogenic claudication: pathognomonic for 
lumbar spinal stenosis

cauda equina syndrome

para- and tetraparesis
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Imaging modalities

plain fi lm 
AP and LL projections
dynamic imaging (fl exion-extension) to look 
for spinal instability
Torg ratio (ratio between the sagittal diam-
eter of the spinal canal and that of the verte-
bral body)

MR imaging
sagittal and transverse dimensions
SAC: space available for the cord

myelography/CT myelography

discrepancy between imaging modalities:
myelography: prone position/standing
CT myelography and MR imaging: supine 
position: underestimate spinal stenosis

Therapy

conservative versus surgical treatment
the choice should be based on the disability 
and not on the degree of stenosis
the choice also depends on the patient’s co-
morbidity, cardiovascular, living and socio-
economic conditions

conservative treatment:
NSAID, myorelaxing drugs, facet joints or 
epidural steroid infi ltrations, …
may have good results even for many years
if medical therapy fails, then the results 
obtained when the patient switches to the 
surgical treatment are the same as those 
obtained by patients that had chosen the 
surgical treatment from the very start

surgical treatment:
no scientifi c evidence has shown that sur-
gery is actually effective in vertebral canal 
stenosis and surgical therapy is not always 
necessary
surgery should be reserved for patients with 
severe stenosis, important clinical symp-
toms, degenerative spondolisthesis, and 
those who tend to worsen with time
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tation of studies in orthostatic position; however, 
these devices have been scarcely used, above all for 
their high cost. Alternatively, devices have been de-
veloped which can simulate the axial load during 
MR imaging or CT using an axial-loading compres-
sor (Fig. 8.1).

Although these devices are useful, they cannot al-
ways adequately reproduce the static and dynamic loads 
on the spine and spinal cord with various positions.

In this context, plain fi lm conventional dynamic 
myelography can still have a role. Since it is obtained 
in upright, prone, and in squatting position, it is able 
to demonstrate central or lateral narrowing of the 
canal with different dynamic postures (Fig. 8.2).

For standard and dynamic projections, plain fi lm 
examination remains the technique of choice and 
allows the evaluation of the presence of anomalies 
and skeletal degenerative alterations.

Fig. 8.1a–d. Magnetic resonance imaging with Myelo-MR 
in a case of lateral stenosis due to degenerative anterolis-
thesis. a,b Conventional (unloaded) exam. c,d Examination 
repeated under axial loading. The L4–L5 lateral recess is 
narrowed in unloaded imaging (c). During loading myelo-
MR is able to demonstrate that compression on both L4 ra-
dicular pouches increases. Maximum intensity projections 
(MIP) (b,d) are more accurate than single slices, avoiding 
possible minimal differences between unloaded and loaded 
images. (Gallucci et al. 2005)

a

c

b

d
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a b c d

e f g h

Fig. 8.2a–h. Three different cases of dynamic myelography. a,b In case 1 myelograms are obtained in anteroposterior (AP) projections, 
in prone position (a) and in squatting position (b). b The squatting position reduces compression on L4 radicular pouches, by disten-
sion of the fl ava ligaments and widening of intervertebral distance. c,d In case 2 similarly to the previous case, squatting (d) strongly 
reduces the compression evident in prone AP projection. e-h Case 3. In prone position contrast medium has two blocks, L3–L4 and 
L4–L5, thus suggesting two levels of disease (e AP, f left lateral projection). In upright position (g,h) radiograms the compromise 
involves only the L4–L5 level, with a minor degree of stenosis at L3–L4
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8.2 
Classifi cation

From an etiopathological point of view, stenosis can 
be divided into congenital (Table 8.1) (abnormal de-
velopment of the bony elements constituting the spinal 
canal), acquired (Table 8.2) (normal dimensions of the 
spinal canal, but degenerative changes modify the nor-
mal morphology and structure of its osteo-ligamen-
tous formations), and mixed (degenerative changes 
superimposed on a pre-existing congenital stenosis).

According to the severity of narrowing its loca-
tion, stenosis can be divided into four subgroups: 
central (reduction of the sagittal diameter); lateral 
(reduction of the recess diameter); foraminal (re-
duction of the neural foramen’s caliber); and con-
centric (reduction of all canal’s diameters). Accord-
ing to the severity of narrowing, spinal stenosis can 
be graded as slight, moderate, or severe (see later).

In Tables 8.1 and 8.2 an etiological classifi cation 
of spinal stenosis is proposed according to location 
(cervical, thoracic or lumbar).

Classifi cation of Congenital Spinal Stenosis

Cervical Thoracic Lumbosacral

Idiopathic Central - concentric Central - concentric Central - concentric

Hypoplasia of the pedicles, posterior arch/lamina Central Central Central

Anterolisthesis Lateral - foraminal

Retrolisthesis Central Central

Achondroplasia Concentric Concentric

Acromegaly Central - lateral

Brachyolmia Central Central Central

Chondrodysplasia punctata Central

Craniodiaphyseal dysplasia (Gorlin’s disease) Concentric

Down‘s syndrome Central

Ehlers-Danlos syndrome Lateral - foraminal Lateral - foraminal

Fibrous Dysplasia Central

Hypophosphatemic X-linked rickets Central

Klippel-Feil deformity Central

Marfan‘s syndrome Central Lateral - foraminal

Mucopolysaccharidosis type IV (Morquio 
Syndrome) and  type VI (Maroteaux-Lamy Syndrome)

Central Central

Osteochondrodysplasias - congenital spondyloepi
physeal dysplasia - Dyggve-Melchior-Clausen dysplasia

Central

Progressive myositis ossifi cans Central - lateral - 
foraminal - concentric

Central - lateral - 
foraminal - concentric

Central - lateral - 
foraminal - concentric

Scoliosis (fusion and segmentation anomalies) Lateral - foraminal Lateral - foraminal

Spinal epidural lipomatosis Concentric

Sternocostoclavicular hyperostosis Central - lateral - 
foraminal

Table 8.1. Classifi cations of Congenital Spinal Stenosis
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Classifi cation of Acquired Spinal Stenosis

Cervical Thoracic Lumbosacral

Degenerative 
(osteophytes, listhesis, disc 
herniation, synovial cyst)

Central - lateral - foraminal Central - lateral - foraminal Central - lateral - foraminal

PLL (or tectorial membrane) 
hypertrophy and/or calcifi ca-
tion, ossifi cation

Central Central Central

Yellow ligament hypertrophy 
and/or calcifi cation, ossifi cation

Central - lateral - foraminal Central - lateral - foraminal Central - lateral - foraminal

Scoliosis Lateral - foraminal Lateral - foraminal

Spinal eidural lipomatosis Concentric

Rheumatoid arthritis - ankylos-
ing spondylitis

Central - lateral - foraminal 
- concentric

Central - lateral - foraminal Central - lateral - foraminal

CPPD - hyperparathyroidism Central - lateral - foraminal Central - lateral - foraminal

DISH - pseudogout Central - lateral - foraminal

Still’s disease - chronic arthritis 
in childhood

Central - lateral - foraminal 
- concentric

Paget’s disease Central - lateral - foraminal 
- concentric

Concentric

Steroids Central Central

Hypervitaminose D Lateral - foraminal Central - lateral - foraminal Central - lateral - foraminal

Fluorosis Central

Amyloidosis Concentric Concentric Concentric

Infectious (spondyl(odisc)itis) Central - lateral - foraminal Central - lateral - foraminal Central - lateral - foraminal

Neoplastic Central - lateral - foraminal Central - lateral - foraminal Central - lateral - foraminal

Traumatic (luxation, herniation, 
listhesis, fracture, hematoma)

Central - lateral - foraminal Central - lateral - foraminal Central - lateral - foraminal

Iatrogenic (redundant fi brous 
tissue,  graft hypertrophy, pseu-
docyst, infl ammatory granu-
loma)

Central - lateral - foraminal Central - lateral - foraminal Central - lateral - foraminal

Table 8.2. Classifi cations of Acquired Spinal Stenosis
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Fig. 8.3a–c. The MR appearance of a congenital idiopathic 
lumbar stenosis due to short pedicles

a

b c

8.3 
Etiology

8.3.1 

Congenital Stenosis

Congenital stenosis of the spinal canal is more fre-
quent in the lumbar region and is idiopathic in 
most cases (Fig. 8.3). Genetic factors are important, 
because they control the different dimensions of 
the spinal canal between different races and dif-

ferent populations of the same race (Jeffrey et 
al. 2003).

According to some recent studies, also prenatal 
factors infl uence the growth of the spinal canal.

8.3.1.1 

Prenatal Factors

Among prenatal factors, including intrauterine fetal 
growth retardation, standardized birthweight score 
(SBS), placenta weight, gestation duration, number 
of previous pregnancies, mother’s weight and age, 
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socio-economic class, mother’s smoking habit and 
the mother’s hypertensive, and infective pathology, 
the SBS, the unborn child’s sex and the duration of 
gestation, seem to be the most signifi cant factors 
determining the canal’s dimensions. The sagittal 
diameter of the lumbar spinal canal in particular 
is determined by prenatal factors because it has its 
maximum development between the 12th and 32nd 
week of intrauterine life and at birth has already 
reached 70% of its normal grown-up dimensions at 
the L1-L4 level.

Therefore, if during intrauterine life the normal 
development of the spinal canal is disturbed, mostly 
the L1-L4 levels will be affected. After birth, it is less 
likely that complete growth throughout further de-
velopment will be reached.

At the L5 level however, the spinal canal only 
reaches 50% of its fi nal size at birth and continues 
to grow until 5 years of age. It has been shown that 
children with equal or, on average, lower SBS have 
smaller canal diameters from L1 to L5 than children 
with, on average, higher SBS. The same is true for 
children with low placenta weight or those who be-
long to lower socio-economic classes or whose moth-
ers are smokers (in the latter situation, especially at 
the L3-L5 level).

Vertebrae will continue to grow proportionally to 
the height during the whole childhood (Jeffrey et 
al. 2003).

8.3.1.2 

Anomalies in Vertebral Development

Generally, congenital stenosis is caused by an anom-
aly in the vertebral arch. These malformations can 
lead to an abnormal orientation of the facet joints, 
hypoplasia of the laminae or pedicles with possible 
central, lateral, or foraminal stenosis, and oblitera-
tion of the epidural fat, defensive barrier of the dural 
sac (Osborn 1994).

Atlantal stenosis is rare and up to now has been 
noted only in the pediatric age group. It can be as-
sociated with achondroplasia or anomalies in the 
vertebral arch (Liliang et al. 2002).

8.3.1.3 

Spondylolisthesis

Congenital spondylolisthesis mostly affects the 
lumbar spine and in 95% of cases the fi fth lum-
bar metamer. This is because the intervertebral 
disc L5-S1 is more vertically oriented and, does 

not succeed in cushioning the load pressure of the 
vertebral column. Therefore, the load rests on the 
anterior third of the vertebral body. Considering 
this, the facet joints are the point of least resis-
tance and eventually the vertebra divides itself into 
anterosuperior (body, pedicles, upper facet joints, 
transverse processes) and posteroinferior parts 
(lower facet joints, laminae, spinous processes) 
which align with the posterior elements of the ver-
tebra below.

Kornblum and co-workers distinguished spon-
dylolisthesis associated with a bilateral lysis of the 
pars interarticularis (Kornblum et al. 2004), con-
genital spondylolisthesis (for anomalous orienta-
tion of the interapophyseal joints), dysplastic spon-
dylolisthesis (secondary to hypoplasia or agenesis 
of the articular apophysis in S1 and posterior arch 
in L5), and secondary spondylolisthesis (degen-
erative, post-traumatic, iatrogenic, associated with 
bone alterations as in Paget’s disease or neoplasms) 
(Osborn 1994). An anterior slipping of a vertebral 
body on the one below causes an increased antero-
posterior diameter of the spinal canal, but nar-
rows the neural foramen because of a downward 
and forward slipping of the upper isthmic segment 
(Osborn 1994). The neural foramen appears bilo-
bate and the periradicular fat is not clearly visible 
(Fig. 8.4). At this level the disc height seems reduced 
and degenerated with a posterior pseudobulging. 
This is the result of stretching of Sharpey’s fi bers 
secondary to misalignment of the vertebral bodies 
with consecutive and consequent distortion of the 
annulus fi brous.

In retrolisthesis, which is more rare, the longitu-
dinal diameter of the neural foramen is reduced.

8.3.1.4 

Metabolic Disorders

Spinal stenosis is seen in metabolic disorders and 
severe skeletal dysplasias. Mucopolysaccharidosis 
represents a group of metabolic disorders with a 
defi cit of lysosomal enzymes leading to an intra-
cellular accumulation of partially degraded glycos-
aminoglycans (GAG) and ubiquitous elements of the 
connective tissue.

In mucopolysaccharidosis type VI (Maroteaux-
Lamy syndrome), a pronounced skeletal dysplasia 
and severe growth retardation are associated with 
facial dysmorphism, obstruction of the upper air-
ways, cardiomyopathy, and organomegaly. Spinal 
cord compression in mucopolysaccharidosis type 
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Fig. 8.4a–d. Spinal MR in a 5-month-old 
baby affected by achondroplasia shows 
high degree of stenosis at atlanto-axial 
level (a). The cord is impinged and 
several periradicular dural ectasias are 
evident (b,c) at thoracic and lumbar 
levels, probably secondary to altered 
cerebrospinal fl uid dynamics caused by 
the stenosis. d Postoperative control after 
surgical decompression

a

c

b

d

VI can be caused by atlanto-axial subluxation asso-
ciated with spinal stenosis but more commonly from 
a thickened posterior longitudinal ligament (PLL). 
Dural thickening as a result of GAG deposition is 
observed, as well as occipito-cervical instability. 
Kyphosis secondary to retrolisthesis can be noticed 
at the thoracolumbar junction.

Dysplasia of the odontoid process with hyper-
trophied posterior longitudinal ligaments may be 
observed in patients suffering from mucopolysac-
charidosis type IV (Morquio syndrome). Occipito-
cervical instability is more signifi cant and kyphosis 
more frequent than in patients suffering from muco-
polysaccharidosis type VI (Thorne et al. 2001).
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8.3.1.5 

Skeletal Dysplasias

Skeletal dysplasias often involve the spinal canal 
(Naique and Laheri 2001; Mukamel et al. 2003; 
Eash et al. 2003; Thomeer and van Dijk 2002).

In achondroplasia lumbar stenosis seems to result 
from a difference between spinal anatomic dimen-
sions and its neural contents (Fig. 8.4). Short pedicles, 
combined with hypertrophied interapophyseal joints 
and thickened laminae, caused a reduced spinal canal 
in all its dimensions. The vertebral disproportion is 
caused by a premature fusion of the vertebral body’s 
chondrifi cation centers with those of the vertebral 
arch, during the embryo’s development. This results 
in a reduced bony spinal diameter in comparison 
with the normally developed neural structures. The 
upper lumbar region is most frequently involved. It 
may be associated with multilevel compression of the 
dural sac, and redundant nerve roots of the cauda 
equina (Thomeer and van Dijk 2002).

Craniodiaphyseal dysplasia, or Gorlin’s syn-
drome, is a rare bone disorder characterized by a 
signifi cant systematized spinal sclerosis, general-
ized hyperostosis and progressive craniofacial de-
formity. The pathogenesis of the spinal stenosis, a 
delayed complication, seems to be correlated to an 
inexorable hyperostosis and insuffi cient enlarge-
ment and remodeling, resulting in a concentric 
spinal stenosis predominantly of the cervical ca-
nal at the C2-C6 level. The sclerotic process does 
not involve the soft tissues, as demonstrated by the 
absence of ossifi ed yellow ligaments (Naique and 
Laheri 2001).

Brachyolmia is a rare bone dysplasia character-
ized by short stature and generalized platyspon-
dyly. Various types have been described according 
to their relevant clinical and radiological charac-
teristics. Spinal stenosis is a common complica-
tion of Hobaek-type brachyolmia, which shows a 
platyspondyly of cervical, thoracic, and lumbar 
metamers. It is more obvious at the thoracic level, 
where the metamers are rectangular, anteriorly 
rounded, and have irregular somatic limits and 
narrow intervertebral spaces. Multiple disc bulg-
ings can co-exist and produce minimal pressure on 
the dural sac.

In the Maroteaux syndrome, the vertebral bodies 
possess an anterior and posterior roundish aspect 
(Mukamel et al. 2003).

Chondrodysplasia punctata (CDP) indicates a 
heterogenic group of dysplasias associated with spi-

nal stenosis with atlanto-axial instability and cervi-
cal kyphosis, resulting from an abnormal ossifi ca-
tion of the vertebral bodies (Eash et al. 2003).

8.3.2 

Acquired Stenosis

Acquired stenosis is the most frequent form of spinal 
stenosis at the lumbar and cervical level. It is less 
frequent at the thoracic level.

8.3.2.1 

Degenerative Pathology

Degeneration of the vertebral bodies and inter-
apophyseal joints can be associated with degenera-
tive changes of the ligamentous system (thickening, 
calcifi cation) and herniated discs.

There is no sexual predominance, except for 
spondylolisthesis, which is more frequent in women 
(M:F ratio 1:4) (Tan 2003).

Posterior and central marginal osteophytosis 
may reduce the spinal canal diameter at the central 
level, with cord compression and in case of mul-
tilevel disease a dural sac similar to a “string of 
pearls” (Fig. 8.5). It may also cause lateral radicu-
lar compression with a so-called upper facet syn-
drome, radicular entrapment in the spinal lateral 
recess, which is more frequent at the lumbar level 
(Fig. 8.6), generated by a bony protrusion at the 
base of the facet joint. The herniated disc can be as-
sociated with radicular entrapment (Kanamiya et 
al. 2002). Osteophytes, which reach the neural fora-
men, can obstruct the foramen at its lower portion, 
without touching the nerve root. When associated 
with a foraminal disc herniation, it may cause total 
obliteration of the neural foramen and radicular 
compression against the vertebral pedicle (Osborn 
1994).

The compressed nerve root sometimes appears 
edematous, due to venous congestion and altera-
tions in the blood-nerve barrier. According to re-
cent studies, nerve root compression may induce an 
infl ammatory reaction by proteoglycans released by 
the involved disc. Other theories suppose an auto-
immune response, others an increased lactic acid 
with consequently a reduced pH around the nerve 
root, while other theories state that infl ammatory 
phenomena are caused by the enzymatic activity 
of A2 phospholipase released by the herniated disc 
(Orendacova et al. 2001).
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Fig. 8.5a,b. a Spondylotic acquired stenosis with spondylotic myelopathy, as demonstrated by 
the high signal of the spinal cord. b Early postoperative control. Altered signal in the spinal 
cord is still present, confi rming post-stenotic damage

a b

Posterior and central marginal osteophytosis, 
with or without a herniated disc can lead to the de-
velopment of a cauda equina syndrome (CES). Com-
pression of the dural sac leads to a reduced space 
necessary for the nerve roots of the cauda equina, 
averaging 77±13 mm2 at the L3 level. This is the 
critical value, below which the subarachnoid fl uid 
pressure tends to increase among the cauda equina 
nerve roots (e.g., a reduced space of 63±13 mm2 
leads to an increased pressure of 50 mmHg among 
the nerve roots). When the intrathecal pressure of 
the subarachnoid fl uid increases, there is an al-
teration in the venous drainage causing perineu-
ral venous congestion, and consequently ischemic 
damage. Because of its vascular anatomy, the nerve 
roots of the cauda equina have a higher ischemic 
risk if compression is at more than one level. Pre-
dominantly the motor roots of L4, L5, and S1 are 
affected because of their anterolateral position in 
the dural sac at the L2-S1 level (Kanamiya et al. 

2002). In contrast-enhanced MR imaging, the roots 
show contrast enhancement due to breakdown of 
the blood-nerve barrier, infl ammatory reaction, 
and venous congestion.

Degenerative changes of the facet joints may cause 
stenosis of the central spinal canal and lateral and 
foraminal recesses. The articular masses are hy-
pertrophic and dysmorphic with widened articular 
spaces fi lled with fl uid and/or gas. This is seen more 
frequently at the lumbar level and is generally associ-
ated with disc degeneration.

At the lumbar level, in 75% of cases degenerative 
facet joins are associated with uni- or bilateral sy-
novial cysts, most commonly extradural with liq-
uid and/or myxoid contents (Epstein 2004; Jeong 
and Bendo). In 50% of the cases they are seen at the 
L4-L5 level. They are located posterior or postero-
lateral to the dural sac in direct communication 
with the facet joint and also associated with degen-
erative spondylolisthesis. Sometimes bony erosion 
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Fig. 8.6a–d. Two cases of lateral and concentric stenosis. In the fi rst one (a,b) lateral stenosis is evident, as a result of an-
terolisthesis and bilateral isthmic lysis. a T2-weighted sagittal image showing the “8”-shaped narrow foramen with root 
compression. High signal within the isthmus represents lytic changes. b Mid-sagittal T2-weighted image shows anterolis-
thesis and disc pseudo-bulging. c,d A case of concentric stenosis due to yellow ligament thickening and cysts, disc bulg-
ing, and minor intervertebral instability, as demonstrated by widening of the facet joints with intra-articular fl uid (d). c 
Interspinous changes, characterized by high signal on T2-WI with fl uid inside, representing interspinous neoarthrosis 
(Baastrup’s disease)

a b

c d

is noted (Osborn 1994). At the level of the synovial 
cyst, segmental instability may be observed. Its 
characteristic location allows it to be distinguished 
from herniated discs and perineural cysts. In con-
trast-enhanced MR imaging, facet joint cysts may 
show peripheral enhancement.

The most frequently degenerated ligaments, are 
the yellow ligaments and the posterior longitudinal 
ligament (PLL).

The PLL can be affected by hypertrophy, calcifi -
cation, and ossifi cation predominantly at the cervi-
cal and thoracic level. It may be associated with a 

herniated disc, causing a central and lateral stenosis 
with loss of epidural adipose tissue (Matsumoto et 
al. 2001; Matsunaga et al. 2004).

Calcified or ossified yellow ligaments are rare. 
Ossified yellow ligaments are usually localized at 
the lower half of the thoracic spine whereas calci-
fied yellow ligaments are more frequent in elderly 
women at the cervical level. At this level the asso-
ciation with a herniated disc can generate a lateral 
and intraforaminal acute cervical stenosis with 
consequent myelopathy and/or radiculopathy 
(Fig. 8.7). According to some studies, hypertro-
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Fig. 8.7a–f. Two cases of 
yellow ligament pathol-
ogy. a–c Calcifi ed and 
thickened yellow liga-
ment at the mid-thoracic 
level as demonstrated by 
conventional T2-weight-
ed turbo spin echo (TSE; 
a), axial T2*-weighted 
gradient echo (b), and 
myelo-MR (c). The 
patient suffered from 
hypoesthesias caudal to 
the identifi ed level, due 
to posterior medullary 
compression. d–f Syno-
vial cyst causing lateral 
recess and foraminal ste-
nosis, as demonstrated 
by T2-weighted TSE MR 
(d) and arthro-CT (e,f). 
The latter technique is 
performed with a thera-
peutic goal; the needle 
allows evacuation or 
rupture of the cyst and 
steroid injection

a b c

d

e f
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Fig. 8.8a–d. Degenerative concentric stenosis as demonstrated by axial CT (a,b) and sagittal reformatted images (c,d). Disc 
and facet joint degeneration causes degenerative anterolisthesis and lateral canal narrowing. Lateral recess and foraminal 
canals are stenosis due to cotton-like calcifi cations of yellow ligaments. Thickening of the ligaments and disc bulging also 
cause central canal narrowing

a b

c d

phied and calcified cervical yellow ligaments are 
caused by the high mobility of the C3-C7 segment, 
and sometimes a calcified dura mater has been 
observed, separated by a cleavage plane from the 
involved yellow ligament (Fernando  Ugarriza 
et al. 2001).

Degenerative spondylolisthesis, fi rst described by 
Newman (Newman 1955), most frequently is found 
at the lumbar and cervical level. In contrast to what 

happens in isthmic spondylolisthesis, particularly 
if bilateral, there is a spinal canal stenosis due to 
arthritic facet joints and hypertrophic yellow liga-
ments with associated narrowing of the neural fo-
ramen and the lateral recess (Fig. 8.8). Obliterated 
anterior fat tissue, lost periradicular tissue, and 
compression of the dural sac are observed. If unilat-
eral, the side of the degenerated facet joints is mostly 
stressed (Osborn 1994).
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be affected as well. Spinal stenosis in Paget’s disease 
is mainly of the concentric type and can be asymp-
tomatic. This suggests the adaptability of the dural 
sac and its neural elements with no signifi cant alter-
ation of nervous function. Moreover, it was shown 
that myelopathy is actually caused by the compres-
sion exerted on the arteries by the expanded bone, 
as well as by vascular alterations such as arterial 
steal syndrome, which is common in Paget’s disease 
(Hadjipavlou et al. 2002).

The pathological changes of the cervical spine 
in patients affected by rheumatoid arthritis are 
caused by alterations of the bone structures in-
duced by the synovial pannus (Fig. 8.9). The syno-
vial pannus causes secondary destruction of bone, 
cartilage, and ligamentous structures, and conse-
quently instability and deformation. In the upper 
cervical spine, atlanto-axial  horizontal transverse 
instability is caused by insuffi ciency of the liga-
ments and destruction of the lateral masses of the 
atlas with ensuing vertical instability. The odon-
toid process of the axis can migrate in the skull 
base, thus reducing the distance between the at-
lanto-axial joint and the base of the skull. Upward 
migration may cause compression of the medulla 
oblongata. At the lower cervical level, kyphosis 
deformity and anterior mono- or multisegmental 
vertebral instability are caused by alterations of 
the disc, destruction of bone, and ligament insuf-
fi ciency (Grob et al. 1999).

8.3.2.3 

Trauma

Traumatic injury of the vertebrae, ligaments, and 
intervertebral discs may cause compression and 
stenosis, mainly at the cervical level. This is be-
cause of its higher degree of mobility compared with 
the thoracic and lumbar levels, the position of the 
vertebral joints, and also because the osteo-disc-
ligamentous apparatus and the paravertebral mus-
culature are less developed here and thus offer less 
resistance to traumas. Another level where stenosis 
and posttraumatic cord compression is frequently 
found is T11-L3 , owing to the transition from a 
thoracic rigid kyphosis to a mobile lumbar lordosis 
(Osborn 1994).

Nevertheless, both congenital and secondary 
stenosis is by itself a condition that predisposes to 
post-traumatic spinal cord injuries at any spinal 
level. In particular, in hyperextension trauma, 30% 
of the sagittal diameter of the vertebral canal is com-

Degenerative lumbar spinal stenosis can be as-
sociated with a thoracolumbosacral scoliosis. In 
these cases, lateral and foraminal stenosis occurs 
more frequently. Some recent studies show that 
there is no signifi cant difference between radicu-
lar compression at the scoliosis’ concave or convex 
side, and that the L3 and L4 root is more frequently 
compressed at the concave side at the foraminal 
and extraforaminal level, whereas the L5 and S1 
roots are the most compressed ones on the convex 
side, at the level of the lateral recesses (Liu et al. 
2003).

8.3.2.2 

Rheumatic Diseases, Crystal Deposition Diseases, 

Metabolic and Endocrine Diseases, and Osteodystrophy

Rheumatoid arthritis, ankylosing spondylitis, pso-
riatic arthritis, calcium pyrophosphate dihydrate 
crystal deposition disease (CPPD), DISH, gout, hy-
perparathyroidism, and Paget’s osteodystrophy may 
not only cause central, but also lateral, foraminal, 
and concentric stenosis, predominantly at the cer-
vical level.

In CPPD compressive cervical myelopathy has 
been reported secondary to nodular depositions 
of crystals in the yellow and atlanto-occipital liga-
ments without involvement of the intervertebral 
elements. Facet joints are less frequently involved 
in CPPD. These depositions can either be individ-
ual or multiple (Fujishiro et al. 2002). In the dif-
ferential diagnosis bacterial and fungal infections 
should be included. In the latter case, posterior 
vertebral elements are rarely affected, whereas the 
intervertebral disc is frequently involved (Fig. 8.9) 
(Ha and Kim).

Posterior longitudinal ligament ossifi cation may 
be associated with DISH. DISH is found in 14-30% of 
Paget’s osteodystrophy cases. Paget’s tissue may in-
vade the hyperostosis of DISH and transform it into 
Paget’s exostosis (Hadjipavlou et al. 2002).

Moreover, Paget’s osteodystrophy seems to be 
associated with an increased incidence of gout and 
pseudogout. The spine is affected in 15% of patients 
with Paget’s disease. In Paget’s disease, the bone 
tends to expand in all directions with ensuing hyper-
trophy of facet joints and spinal stenosis (Fig. 8.9). 
It is mainly seen at the cervical and thoracic spine 
and is caused by an excessive bone growth associ-
ated with an anomalous remodeling due to the lack 
of balance between the osteoblastic and osteoclastic 
activity and ossifi cation of epidural fat. The disc may 
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Fig. 8.9a–h. Acquired stenosis from different causes. a–c Idiopathic calcifi cation and thickening of the posterior longitudinal 
ligament at thoracic level, as demonstrated by CT (a) and MR (b and c). d Computed tomography of the cervical spine in a 
case of Paget’s disease in which the left foramen is narrowed with consequent left cervico-brachial pain. e,f T1-weighted (e) 
and T2-weighted (f) MR in a typical case of foramen magnum stenosis due to rheumatoid arthritis. The odontoid process is 

a

c

b

promised by the yellow and the intralaminar liga-
ments and, by means of an “anchoring mechanism” 
described by Penning (Penning 1962), the spinal 
cord is anchored between the lower part of the upper 
vertebral body and the portion that is closest to the 
spinolaminar line of the lower metamer (Boockvar 
et al. 2001).

8.3.2.4 

Epidural Lipomatosis

Spinal epidural lipomatosis (SEDL) is mainly seen 
at the lumbar level. It is caused by hypertrophy of 
the epidural fatty tissue, with narrowing of the spi-
nal canal. This may occasionally cause progressive 

d

▷▷
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h

g

e

h

thinner, fl attened in its anterior aspect, thickening of the anterior synovial compartment is clearly evident, the atlanto-axial 
transverse distance is increased, and the central canal is narrowed. g,h Sagittal T2-weighted (g) and Gd-enhanced T1-weighted 
(h) MR images from a patient affected by sarcoidosis. Peridural enhancing tissue determines reduction of diameters of the 
vertebral canal

myelopathy, radiculopathy, and/or cauda equina 
syndrome (Clancey 2004; Christopoulos et al. 
1982; Lisai et al. 2001). It is a fairly frequent side 
effect in patients been taking corticosteroids for 
a long time, but it has also been observed in pa-
tients affected by diseases that cause an excessive 
production of steroids (Cushing’s syndrome), in 

obese patients, and in those using anabolic ste-
roids. Idiopathic SEDL is uncommon (Fassett and 
Schmidt 2004).

On MR imaging mild, moderate and severe 
grading has been proposed to classify lipomatosis, 
taking into consideration parameters such as the 
anteroposterior diameter of the dural sac, the an-

e f
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teroposterior diameter of the epidural lipomatosis 
both ventrally and dorsally, and the anteroposterior 
diameter of the spinal canal, measured at the level of 
the superior endplate of S1 (Borre et al. 2003).

Both CT and MR imaging show a concentric in-
crease in the epidural fat with a typical polygonal 

form of the dural sac caused by the meningo-verte-
bral ligaments (Fig. 8.10). Such ligaments are found 
on the midline, paramedian, and lateral, both on the 
front and the back of the epidural space, and secure 
the external surface of the dura mater to the spinal 
canal (Geers et al. 2003).

Fig. 8.10a–c. Epidural lipomatosis in an obese woman. The 
lumbar spinal canal is narrowed by the presence of epidu-
ral fat, well evident on T1-weighted sagittal (a) and axial (c) 
views, less on a sagittal T2-weighted image (b). Axial cuts 
demonstrate clearly the polygonal shape of the dural canal 
(a star-like aspect in this case) caused by meningo-vertebral 
ligaments

a b

c
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8.4 
Clinical Picture

The clinical picture of spinal stenosis varies greatly 
with the level of stenosis. Patients often may remain 
asymptomatic for a long time, until an acute event. 
Symptoms may misleading and therefore the diag-
nosis is often not straightforward (Coulier et al. 
2003). The clinical course of the disease can be in-
fl uenced by age, sex, socio-economic situation, site, 
and degree of stenosis (Benoist 2002).

Acute and/or chronic limb pain (not relieved 
when the patient is supine), and paresthesias are 
typical signs of lateral and foraminal radicular en-
trapment syndrome (Benoist 2002). Pain, sensory 
defi cits (generally paresthesia) and motor defi cits of 
the upper limbs can have an aspecifi c irradiation not 
only seen in nerve root compression but also in other 
pathologies (degenerative shoulder arthropathy, ul-
nar nerve syndrome, carpal tunnel syndrome).

Sensory and motor defi cits associated with lower 
limb pain during walking and in upright position 
are pathognomonic of lumbar canal stenosis (neu-
rogenic claudication). With regard to claudication, 
vascular problems should be ruled out, even though 
they may coexist, and also the presence of degenera-
tive hip and/or knee disease should be excluded. In 
general, walking, the sitting position, intensify the 
symptoms. On the other hand, forward-bending and 
supine position relieves the symptoms. This can be 
explained by the increase in size of the spinal canal 
in bending and a reduction during extension and 
under load.

In patients with lumbar stenosis, a neurogenic 
bladder can be observed due to direct mechanic di-
rect compreaaion of the S2-S4 nerve roots which are 
located in the posteromedian area of the spinal ca-
nal (Inui et al. 2004). The combination of a disc her-
niation and spinal stenosis more frequently causes 
symptoms at the lower urinary tract.

Urodynamic testing will help to make a distinc-
tion between an urological disorder caused by spi-
nal stenosis and one that is related to diseases of the 
urinary tract (obstructive injury including prostatic 
hypertrophy, urethral stenosis and spasms of cervix 
vesicae).

Spinal stenosis and diabetic neuropathy may pres-
ent with the same symptoms. Flexion of the lumbar 
spine increase with the diameters of the central spi-
nal canal and the lateral recesses, and may induce or 
eliminate the symptoms related to spinal stenosis. 

The presence of neurological symptoms at the lower 
limbs during night, when the position of the lumbo-
sacral spine is changed, suggests a spinal etiology.

Diabetic neuropathy is a clinical diagnosis. It 
is characterized by hypoesthesia at the level of the 
foot, with or without neurological symptoms. How-
ever, it has been observed that the frequency of spi-
nal stenosis is higher in patients affected by diabetic 
neuropathy than in healthy subjects.

The clinical presentation of the cauda equina syn-
drome (CES) may differ from patient to patient. In a 
fully developed cauda equina syndrome, multiple 
signs of sensory disorders may appear. These disorders 
include low-back pain, saddle anesthesia, bilateral sci-
atica, then motor weakness of the lower extremities or 
chronic paraplegia, impotence and bladder dysfunc-
tion. Compression of the epiconus and conus medul-
laris determines these symptoms, but their onset is 
often asymmetrical (Orendacova et al. 2001).

The involvement of sphincters is central; there-
fore, in general, a bladder disorder of the “refl ex 
neurogenic bladder type” appears and is character-
ized by small bladder and automatic urinary refl ex. 
On the contrary, the involvement of the bladder in 
cauda compressions is peripheral, with an atonic, 
globular bladder that passively fi lls up with urine.

The involvement of L5 and S1 roots can lead to calf 
hypertrophy by denervation (Swartz et al. 2002). 
Other factors that lead to an increase in the muscle 
size include muscular dystrophy, maltase defi ciency, 
hypothyroidism, infl ammatory myopathies, tendon 
rupture, muscular infi ltration in case of neoplasm, 
amyloidosis (Niwa 2001; Bellotti et al. 2001), sar-
coidosis, and parasitic diseases.

If stenosis and myelopathy worsen, they can lead 
to paraparesis and tetraparesis. The degree of the 
injury may lead to the following:

In case of atlantal stenosis, hypotension and respi-
ratory disorders may appear (Liliang et al. 2000) 
Spastic tetraparesis if the level is above C5
Spastic paraparesis with fl accid paresis of upper 
limbs if the injury is located between C5 and C7
Paraparesis with regular tone of upper limbs if the 
lesion is located between C7 and L3
Flaccid paraparesis, if the injury is caudal to L3

�
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8.5 
Imaging

Plain fi lm is the primary imaging technique used to 
study spinal stenosis. Standard anteroposterior (AP) 
and left lateral (LL) projections allow the assessment 
of possible degenerative pathology.

With the LL projections in fl exion-extension, it 
is possible to assess the presence of instability, and 
with AP dynamic projections, lateral vertebral slip-
ping.

The LL projection of the cervical spine is also 
used to measure the sagittal diameter of the verte-
bral canal. The sagittal diameter is measured from 
the middle of the posterior wall of the vertebral body 
to the spinolaminar line.

In order to avoid signifi cant variation in this mea-
surement, the Torg ratio has recently been used in 
the cervical spine (Fig. 8.11). This produces greater 
uniformity in the values of the sagittal diameter. 
The Torg ratio is the ratio between the sagittal di-
ameter of the spinal canal and that of the vertebral 
body measured by plain fi lm in the LL projection. 
This ratio proved reliable in assessing cervical canal 
stenosis. A ratio >1 indicates a normal diameter; a 
ratio <0.82 indicates absolute stenosis (Prasad et 
al. 2003).

Nevertheless, even though cervical canal steno-
sis affects mainly the sagittal diameter, the lateral 
diameter and area of the spinal canal can also be 
important.

False positives can be found in athletes, who have 
bigger vertebral bodies (Tierney et al. 2002). Fur-
thermore, a wide variability of the sagittal diameter 
values was observed in the normal population.

For these reasons another parameter, the space 
available for the cord (SAC), was taken into con-
sideration. Such a parameter is determined in MR 
imaging by subtracting the sagittal diameter of the 
spinal cord from the sagittal diameter of the spinal 
canal, measured with the patient’s head is in neutral 
position, i.e. with the orbitomeatal line perpendicu-
lar to the horizontal plane (Tierney et al. 2002). It 
was observed that the SAC is smaller at C3 and C5, 
due to an increase in size of the spinal cord at those 
levels (cervical enlargement).

Measuring the SAC seems to be more accurate 
than using the Torg ratio, since the former does not 
depend on the size of the vertebral body.

In general, on plain fi lm the sagittal diameter of 
the cervical spinal canal is constant from C4 to C7 

(range 15-25 mm, average 17 mm) and below 14 mm 
it is considered critical. The diameter of the verte-
bral body gradually enlarges from C4 to C7.

The spinal cord sagittal diameter is, on average, 
6.9 mm at the cervical levels (Prasad et al. 2003).

MR imaging also allows assessment of the trans-
verse diameter of the spinal canal. This measure-
ment is highly variable from person to person and 
is not correlated with central stenosis or lateral 
recess stenosis at the foraminal level (Speciale 

Fig. 8.11a,b. Normal left lateral cervical radiograph with 
Torg ratio measures. Torg ratio is the ratio between the sag-
ittal diameter of the spinal canal (blue line) and that of the 
vertebral body (red line). The sagittal diameter is measured 
from half the height of the posterior wall of the vertebral 
body, taken from the upper to the lower endplates (black 
lines), up to the spinolaminar line

a

b
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et al. 2002). The sagittal diameter is less reliable, 
because on MR imaging it can be diffi cult to dis-
tinguish the cortical bone on the one hand and the 
PLL and dura mater on the other hand, since all 
have low signal. 

In this regard, it can be more useful to assess the 
perimedullary CSF-space compared to the sagittal 
diameter of the spinal cord. If an approximate as-
sessment is made, it can be easily seen if the CSF- 
fl uid space is preserved. If no perimedullary CSF is 
visible, stenosis is present.

CT scans have also been used to assess the spi-
nal canal size. These measures are not generally ac-
cepted, because these ligamentous structures can be 
assessed only when they show signs of calcifi cation 
and/or ossifi cation.

Whereas these are the most common, non-inva-
sive techniques in the assessment of stenosis, my-
elography and CT myelography are still, but rarely, 
performed.

When comparing myelography, CT myelogra-
phy, and MR imaging, a discrepancy is observed 
with regard to the measurement of the degree of 
stenosis, both in symptomatic and healthy pa-
tients. This can be explained by the patient’s po-
sition during the scan: in supine position for MR 
imaging and CT myelography, and in prone posi-
tion for myelography (Fig. 8.12) (Blease Graham 
2001). Using dynamic MR imaging in cervical fl ex-
ion-extension and relying on the assessment of 
the sagittal diameter, it was possible to prove that 
cervical stenosis and cord compression increases 
in extension. Further changes were observed when 
the size of the sagittal diameter was acquired by CT 
myelography at the level of the pedicles and inter-
vertebral discs.

Results showed that cervical spinal canal stenosis 
worsens in prone position with the sagittal diameter 
measured at the level of the pedicles, and in supine 
position in extension.

Myelography has played a pivotal role, especially 
at the lumbar level, in the assessment of the degree 
of stenosis, because it relies on the measurement 
of the anteroposterior diameter of the dural sac. A 
classifi cation of stenosis was derived from this: se-
vere stenosis (<10 mm), moderate stenosis (between 
10 and 12 mm) and mild stenosis (between 12 and 
14 mm) (Benoist 2002). In MR imaging severe ste-
nosis is associated with an almost total absence of 
epidural fat.

At the lumbar level MR imaging in the supine 
position risks to underestimate stenosis. In fact, it 

was observed that myelography in prone position 
shows an increase in the deformity of the dural sac 
(Fig. 8.12; Blease Graham 2001).

Nevertheless, the size, causes, and level of steno-
sis relative to a supine or prone patient are assessed 
without considering the forces that act on the spine 
in orthostatism, i.e., under loading. In fact, mild or 
moderate stenosis found in a supine or prone patient 
may become severe under load (Fig. 8.2).

From this viewpoint, an AP or LL plain fi lm in 
standing position allows to assess stenosis, espe-
cially if it is performed in fl exion-extension (e.g., 
instability, synostosis) and completed with oblique 
projections (for instance a reduction in size of the 
neural foramens in the presence of osteophytes).

Axial loaded MR imaging (Gallucci et al. 2005) 
may show instability in degenerative pathology, and 
sometimes associated with an increase in spinal ste-
nosis (Fig. 8.1). MR imaging can assess the presence 
of redundant nerve roots and signal alterations at 
the level of stenosis, by slowed and disorderly cere-
brospinal fl uid fl ow due to the reduction of the space 
available for its circulation (Fig. 8.13).

In general, MR imaging will demonstrate the 
cause of spinal stenosis (hypertrophy of the yellow 
ligaments, facet degeneration, etc.) and as such can 
help to direct a surgical treatment.

Magnetic resonance myelography does not gen-
erally provide signifi cant and/or more information 
compared with a traditional MR (Gallucci et al. 
2005; Micheli et al. 1999).

Computed tomographic myelography cannot al-
ways be performed on a prone patient, owing to the 
patient’s inadequate compliance, because of age and 
physical condition which do not always allow for the 
neck to be well positioned.

Furthermore, both in MR and CT imaging per-
formed on a prone patient, artifacts due to respira-
tory movements should not be underestimated.

Table 8.3 gives an overview of the MR technique 
that is most frequently used when stenosis is sus-
pected.
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Fig. 8.12a–c. Left lateral radiograph (a), sagittal mid-refor-
matted CT (b), and axial CT scan in a case of lumbar ste-
nosis. a Lateral radiograph of the lumbar spine: the sagittal 
diameter of the spinal canal is measured from half the height 
taken from the upper to the lower endplates (blue lines) of 
the posterior wall of the vertebral body up to the spinolami-
nar line on the same plane. b A CT mid-sagittal reformatted 
image. Sagittal diameter of the lumbar spine measured at the 
level of the pedicle (yellow lines) and the disc (green line). 
The SI value is usually larger than S in congenital stenosis. 
c Axial CT. Sagittal diameter (magenta line) of the lumbar 
spine is measured from the posterior wall of the vertebral 
body up to the spinolaminar line on the same plane

a b

c
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Fig. 8.13a–d. In most of stenotic canals, cauda equina nerve 
roots have a serpiginous appearance, the so-called redun-
dant nerve roots aspect. Two cases are shown: T2-weighted 
MR (sagittal in a, axial in b) and plain fi lm myelography in 
oblique (c) and left lateral (d) projection

a

b

c d
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8.6 
Therapy

Conservative treatment in spinal stenosis includes 
anti-infl ammatory non-steroid drugs, pain killers, 
myorelaxing drugs, injections at the level of facet 
joints, or epidural steroids (Tan 2003). Alternatively, 
surgical treatment can be chosen. This choice should 
be made according to the degree of disability and not 
according to the degree of stenosis.

At present, there is no scientifi c evidence that sur-
gery is actually effective in treating spinal stenosis, 
and surgery is not always necessary considering that 
conservative treatment can give good results, even for 
many years. But in cases where conservative therapy 
fails, the results obtained by surgical treatment are the 
same as those obtained by patients who had chosen 
surgical treatment from the very start (Matsunaga 
et al. 2004). Surgical treatment should be reserved for 
patients suffering from severe stenosis accompanied 
by major symptoms, degenerative spondylolisthesis, 
and for those who tend to worsen with time.

The choice also depends on the patient’s comor-
bidity, cardiovascular, living, and socio-economic 
conditions.

Contraindications for surgical therapy are old 
age, comorbidity, instability at various levels, asso-
ciation with scoliosis, and presence of symptoms for 
a long time (Tan 2003).

At times, following the surgical treatment, symp-
toms and neurological problems may worsen, due to 
alteration of the nerve root component vasculariza-
tion, stretch of the neural elements, or direct trauma 
(Dezawa et al. 2002).

Therefore, patients affected by myelopathy can 
choose either surgical or conservative treatment. In 
patients without myelopathy, conservative therapy 
should be preferred. 
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9.1 
Introduction

In the last 15 years, understanding of spinal instabil-
ity and diagnostic criteria to establish spinal insta-
bility have improved dramatically. This has also lead 
to improved therapy for spinal instability. Often, 
spine surgery has changed from simple disc ablation 
to disc function substitution, using different kinds 
of spinal devices.

The diagnosis of spinal instability may be hard to 
establish from a clinical-radiological point of view. 
Frequently, a radiologically abnormal segmental 
movement can be incidentally discovered in asymp-
tomatic patients. On the other hand, normal radio-
logical fi ndings are found in patients with spinal 
instability symptoms.

A keynote element in the diagnosis of “spinal 
instability” is the loss of functional spine units 
– FSU (vertebra, ligaments and muscular complex) 
stability. This may result in reduced elasticity, in-
creased mobility and abnormal motion. According 
to  Panjabi and White (1990), this concept can be 
extrapolated from the American Academy of Or-
thopaedic Surgeons, considering spinal instabil-
ity as “The loss of spine’s ability to maintain its 
pattern of displacement under physiologic loads”. 
Several experimental data have demonstrated the 
reduced capability of the unstable spine in load-
ing. Where a normal spine can resist up to 12000 N 
compressive load, an unstable spine only can bear 
100 N (Granata and Marras 2000).

Although the fi rst clinical studies on spinal in-
stability were performed more than 50 years ago 
(American Academy of Orthopaedic Surgeons 
1981), it seems that the radiological diagnosis has not 
seen much progress in recent decades (Nachemson 
1991). This apparent gap in modern neuroradiology 
is related to the fact that functional evaluation of the 
lumbar spine is a diffi cult task using conventional 
CT and MR examinations. Patients are examined in 
a supine position, whereas the pain in patients with 
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K E Y  P O I N T S

Keynote element in the diagnosis of “spinal 
instability” is the loss of functional spine unit 
(vertebra, ligaments and muscular complex) 
stability, which may result in reduced elasticity, 
increased mobility and abnormal motion.

Functional evaluation of the lumbar spine is a 
diffi cult task using conventional CT and MR 
examinations. Patients are examined in a su-
pine position, whereas the pain in patients with 
spinal instability is generally elicited in the up-
right position. Therefore, several devices have 
been developed in an attempt to reproduce the 
physiological spinal loading during CT or MR 
examination.

A typical functional study of the spine con-
sists of two sets of similar images of the same 
lumbar spine volume at rest and during axial 
loading. From the CT dataset, sagittal reformats 
and surface shading display images are recon-
structed. Matching images are organized in 
two-frame cine-loops (cine-AL studies). Using 
MRI, T2-weighted images are performed and 
fast sequences are generally preferred.

The advantages of AL-MRI are the absence of 
radiation exposure, larger fi eld-of-view, direct 
sagittal acquisition and consequently no time-
consuming post-processing. The main draw-
back is the 2D acquisition, usually in the axial 
and sagittal plane with poor visualization of the 
3D dynamics of the posterior arches.

A lumbar spine can be considered as "normal" 
when, at rest, vertebrae are well aligned and 
lumbar lordosis, disc spaces and interspinous 
spaces are preserved. A slight increase in lordo-
sis, with minimal disc circumferential bulging, 
leads to a more pronounced posterior wedged 
shaping of discs, particularly at the L5–S1 level. 
No signifi cant changes are expected in the in-
terspinous and interarticular relationships. This 
normal motion pattern is referred to as "com-
plex dynamic modifi cation type 0" (CDM-0).

Compared to standard imaging, AL scans may 
demonstrate more and often co-existing abnor-
malities. These abnormalities can be classifi ed 
as elementary dynamic modifi cations (EDMs). 
These EDMs include changes in: disc morphol-
ogy, intersomatic relationships, facet joints, 
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 fl aval ligaments, interspinous spaces, spinous 
processes mobility, and foraminal shape.

The most frequently observed modifi cation dur-
ing AL is the increase in spinal stenosis, already 
present on pre-load MR studies. Increased 
spinal stenosis is secondary to increased disk 
protrusion, thickening of the ligamenta fl ava, 
the presence of a synovial cyst, or increased 
listhesis.

Associations of EDMs could represent defi nite 
motion patterns, that were named complex dy-
namic modifi cations (CDMs) types 1–3. Pattern 
4 is observed in patients with isthmic lysis.

Lumbar segmental instabilities usually have eti-
ological or morphological classifi cations, which 
do not take into account a possible common 
mechanism. The use of CDMs (particularly of 
CDM1) could lead to a more generally accepted 
classifi cation of chronic segmental instability.

The conversion from CDM0 to CDM1 identi-
fi es L4 as the possible fulcrum of the lumbar 
spine system and suggests the presence of at 
least three functional levels and four functional 
columns in the lumbar spine. As one of the 
components of the columns fails for any reason, 
a stereotyped series of actions occur which lead 
to a cascade series of alterations in a sort of 
“domino effect”.

The functional fulcrum of the lumbar spine 
is L4 and L4–L5 disc insuffi ciency is the most 
frequent cause of segmental instability. L4–L5 
dysfunction has effects particularly on L4–L5 
and L5–S1 levels. With the exception of acute 
episodes (i.e disc herniation with acute nerve 
root compression) the disease is usually chronic 
and with time progressive deformation of the 
spine occurs. Where the transition from CDM0 
to CDM1 could even be subacute, the conversion 
from CDM1 to CDM3 could take many years.

The diagnostic goals of evaluating an instru-
mented spine include: evaluation of the stability 
of the fi xed segment(s), analysis of the “inter-
nal” stability of the implant, assessment of the 
stability of the levels adjacent to the spondy-
lodesis, and assessment of the correction of the 
preoperative instability/deformity.
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spinal instability is generally elicited in the upright 
position.

Although a report on the use of CT during forced 
axial rotatory stresses has been published (Kirkaldy-

Willis and Farfan 1982), it is diffi cult to superim-
pose a reproducible physiological functional load on 
a patient lying in supine position. More accessible 
diagnostic tools such as dynamic plain fi lm and/or 
myelography can only evaluate certain spinal com-
ponents, such as bone, and therefore are of no use for 
a global evaluation of spinal instability.

Many in vivo (Brickmann 1986; Graf 1992; 
Ito et al. 1993; Knutsson 1944; Nachemson and 
 Elfstrom 1970; Olsson et al. 1977; Stockes et 
al. 1981; Wood et al. 1994) and in vitro (Lin 1978; 
Nachemson 1960; Nachemson et al. 1979; Nowiki 
et al. 1990; Panjabi et al. 1981; Smith 1991; Yang 
and King 1984) studies on spinal kinetics have 
shown that it is impossible for a single diagnostic 
examination to display all the different compo-
nents of the FSU. As a consequence, a global view of 
the different patterns of spine dynamics is diffi cult 
to obtain with conventional studies.

9.2 
Axial Loaded Imaging

From physiology we know that the spine also has to 
obey Newton’s third law of preservation of momen-
tum (Krag et al. 1987; Smith and Fernie 1991), 
that is “to every axial vector acting on a FSU cor-
responds a second vector of equal intensity and of 
opposite direction, that counterbalances the fi rst 
one and brings all the structures to a dynamic 
equilibrium”.

Several devices have been developed in an attempt 
to reproduce physiological spinal loading during CT 
or MR examination where the patient is examined 
in a recumbent position. Cartolari et al. (1993) 
designed a dedicated device known as the “axial 
loader” (AL) (Mikai Manufacturing srl, Padova, It-
aly). It is able to develop a variable and reproducible 
axial load, mimicking the orthostatic load, with the 
patient in supine position.

An AL is a non-ferromagnetic (MRI compatible), 
X-ray transparent (CT compatible) cradle with dou-
ble blocking rests for shoulders and feet, that can be 
easily placed on the CT or MRI table (Fig. 9.1). The 
upper block (at the level of the shoulders) is fi xed, 

while the inferior one consists of a wide, fl at plat-
form moving longitudinally thanks to a micromet-
ric electromechanical pump, which is controlled by 
an external workstation. Before CT or MRI is per-
formed, a value corresponding to 65% of the total 
patient weight is set in the AL computer, mimicking 
the physiological weight of the head and the trunk 
at the lumbar level in an orthostatic position. A dy-
namometer placed between the inferior platform 
and patient’s feet can measure the load applied. This 
allows a functional study of the spine with CT and 
MRI which is easy to reproduce.

A typical functional study of the spine consists of 
two sets of similar images of the same lumbar spine 
volume at rest and during axial loading. From the 
CT dataset, sagittal two dimensional (2D) reformats 
and three dimensional (3D) surface shading display 
(3D-SSD) images are reconstructed. Matching im-
ages are organized in two-frame cine-loops; this dy-
namic linkage mimicking a virtual motion is called 
cine-AL studies (Cartolari et al. 1996; Cartolari 
1997).

Using MRI, T2-weighted images are performed 
because of their high contrast-to-noise ratio. To 
minimize artifacts from unintentional movements 
(the AL maneuver may provoke pain similar to that 
experienced by the patient in an up-right position), 
fast sequences are generally preferred.

9.2.1 

Normal Motion Pattern

Before describing pathological fi ndings in AL stud-
ies, it is necessary to fi rst analyze the normal pattern 
of lumbar spine motion.

A lumbar spine can be considered as “normal” 
when, at rest, vertebrae are well aligned and lum-
bar lordosis, disc spaces and interspinous spaces are 
preserved (Fig. 9.2a).

Fig. 9.1. The axial loader
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The inferior edge of the inferior facet is always 
in a more cranial plane with respect to the inferior 
edge of the superior facet of the lower vertebra.

A standing position is the easiest work for the 
spine to do; in this situation the normal spine sub-
sides only minimally due to creep and stiffness of 
the system (Boden and Frymoyer 1997). A slight 
increase in lordosis, with minimal disc circumfer-
ential bulging, leads to a more pronounced posterior 
wedged shaping of discs, particularly at the L5–S1 
level (Fig. 9.2b).

This means that the greatest part of a purely axial 
load is distributed and dissipated by the disc through 
the specifi c functions of the nucleus pulposus and of 
the annulus fi brosus. In a normal disc, the nucleus 
pulposus moves anteriorly and the annulus fi brosus 
mildly protrudes posteriorly. No signifi cant changes 
are expected in the interspinous and interarticular 
relationships. 

This normal motion pattern will be further re-
ferred to as “complex dynamic modifi cation type 0” 
(CDM-0); any changes from this type will be consid-
ered as abnormal.

9.2.2 

Axial Loaded Imaging of the 

Degenerative Spine

Compared to standard imaging, AL scans may dem-
onstrate more and often co-existing abnormalities. 

These abnormalities can be classifi ed as elementary 
dynamic modifi cations (EDMs) and are summarized 
in Table 9.1.

9.2.2.1 

Disc Modifi cations

The appearance or increase of disc bulging, causing 
compression on the dural sac or nerve roots (Fig. 9.3) 
as a fi nding is generally associated with pain recur-
rence. It has the same meaning as disc compression 
on the dural sac during dynamic myelography.

The disappearance (vacuum sign) or appearance 
of disc vacuum (inverted vacuum sign) (Fig. 9.4) as a 
fi nding, always associated with narrowing or disap-
pearance of the corresponding disc space (i.e. hyper-
mobility), suggests that gas like nitrogen, as a sign of 
heavy disc degeneration (Burgener and Kormano 
1987), is produced by an aspiration mechanism, due 
to the loss of axial load, in resting positions. It is usu-
ally associated with underslipping of facet joints and 
narrowing of the corresponding interspinous space 
(see below) at pre-load study, and with longitudinal 
hypermobility of facet joints during AL studies. In 
some cases, the axial loading can produce an in-
crease in disc space due to complex alterations of 
normal spine mechanics, with the appearance of the 
vacuum phenomenon during axial loading (inverted 
vacuum sign). This fi nding seems to correspond to 
the appearance of vacuum phenomenon during ex-
tension in dynamic plain fi lms.

Fig. 9.2a,b. Normal motion pattern during loading. a Scheme of the normal discosomatic relationships in the lumbar spine. 
b Discosomatic response of a normal lumbar spine during axial loading (AL) [complex dynamic modifi cation type 0 
(CDM0)]

a b
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Table 9.1. Elementary dynamic modifi cations observed on axial loaded imaging

Disc modifi cations • Volumetric increase or appearance of disc protrusions and herniations 
(Figs. 9.3 and 9.4)

• Disappearance of vacuum phenomenon (vacuum sign) (Fig. 9.4)

• Appearance of vacuum phenomenon (inverted vacuum sign)

Intersomatic relationships • Appearance or increment to various degrees of listhesis (and widening of 
the coexisting lysis when present), degenerative or associated to isthmic 
lysis (Fig. 9.4)

• Narrowing or disappearance of one or more disc spaces (Fig. 9.4)

• Widening of L5-S1 disc spaces (paradoxical motion) (Fig. 9.5)

• Rotational movements on “Z” axis (Fig. 9.6)

• Posterior translation of vertebral body

Facet joints • Appearance or increasing of facets longitudinal underslipping and facets 
hypermobility (Fig. 9.5)

• Disappearance of intra-articular vacuum (Fig. 9.4)

• Upperslipping (paradoxical motion) of L5 facets (Figs. 9.5 and 9.7)

Foraminal narrowing

Thickening of the ligamenta fl ava

Narrowing of the interspinous spaces and 
hypermobility of the spinous processes

Fig. 9.3a,b. Disc bulging supine-unloaded and during loading. a Bulging disc on supine-unloaded CT. b During AL one can 
appreciate increased disc bulging (in particular posterolateral on the left and intraforaminal) and thickening of the yellow 
ligaments. Together these cause a central spinal stenosis

a b
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9.2.2.2 

Intersomatic Changes

9.2.2.2.1 

Appearance or Increase in Listhesis (Fig. 9.4)

In all patients with isthmic lysis and degenerative 
listhesis, the axial load increases listhesis (known 
or unknown) to a varying degree, and AL study is 
more sensitive than dynamic fi lm in demonstrating 
this fi nding.

9.2.2.2.2 

Narrowing of Disc Spaces (Fig. 9.4)

This fi nding is always associated with articular 
facet underslipping (at basal CT) and usually fac-
ets (and spinous processes) demonstrate longitu-
dinal hypermobility during axial loading. In some 
patients it can be associated with slight anterior 
translation of L4.

This fi nding seems to be related to a functional 
insuffi ciency of FSUs (mainly to disc insuffi ciency), 
and its signifi cance seems to be similar to the vac-
uum sign.

9.2.2.2.3 

Increase in Disc Space (Fig. 9.5)

Posterior widening of the L5–S1 disc space, with 
reduction of its posterior-wedged shape, can be ob-
served, usually in patients with previous L4–L5 disc 
surgery. These patients show slight anterior trans-
lation of L4 during AL. The widening of the L5–S1 
disc space during AL studies, in contrast to what 
one expects to see during an orthostatic load, has 
been named paradoxical motion (PM). PM is related 
to the upward movement of the neural arch with 
(paradoxical) upperslipping of the articular facets 
and raising of the corresponding spinous process 
(see below).

9.2.2.2.4 

Rotational Movements on “Z” Axis (Fig. 9.6)

Somatic rotation on “Z” axis – clockwise (CW) or 
counterclockwise (CCW) – can be discovered and is 
usually associated with asymmetrical facet hypermo-
bility (see below). This fi nding may be related to disc 
degeneration, with asymmetrical nucleus pulposus 
distribution in disc space, since it is usually observed 

Fig. 9.4a,b. Paradoxical motion during loading. a Supine-unloaded MRI: multiple discopaties with disc protrusion in L2–L3, 
L3–L4, L4–L5. Yellow ligaments are thickened with central stenosis at the same levels. b During AL-MRI: paradoxical motion 
of L5. All disc protrusions increase, in particular at L4–L5

a b
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Fig. 9.5a,b. Vacuum-sign supine-unloaded and during loading. a Supine-unloaded CT, sagittal reconstruction: vacuum-sign 
is  present in the L5–S1 disc and in the articular space. Degenerative listhesis of L4 on L5 (3 mm). b During AL-CT disap-
pearance of articular vacuum; reduction of disc vacuum, with narrowing of disc space and increased listhesis

a b

Fig. 9.6a,b. Underslipping of facet joints during loading. a Supine-unloaded CT: underslipping of articular processes (++ 
in L4–L5) with narrow interspinous spaces. b During AL-CT: paradoxical motion of L5, with opening of the interspinous 
space L4–L5 and L5–S1; further underslipping of the other articular processes

a b
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in patients previously operated or with a pre-load CT 
and MRI study showing disc degeneration. 

9.2.2.2.5 

Posterior Translation of Vertebral Body

Posterior body translation – posterior vertebral 
translation (usually of L5 or L4 in patients with L5 
isthmic lysis and listhesis) usually increases during 
AL studies, with narrowing of the corresponding 
disc space.

9.2.2.3 

Articular Facet Modifi cations

9.2.2.3.1 

Appearance or Increase of Articular Facet Underslip-

ping (Fig. 9.5)

In a “normal” spine, the AL is maximally supported 
by the disc. If fl exion-extension and/or rotational 
movements are not superimposed, the posterior 
arch, and particularly the facets, usually support 
only a minimal part of this load (Kramer 1990).

In many patients (usually those previously hav-
ing undergone disc surgery) this facet underslipping 
is detected on conventional CT or MRI study. This 
fi nding is more frequently at the L4–L5 level. The 
association with facet degeneration is very common, 
as the narrowing of the corresponding interspinous 
space. A constant association is found between facet 
underslipping and disc and articular vacuum phe-
nomenon. The disc’s inability to support the axial 
load can cause posterior load transfer, primarily to 
the facets and then to the spinous processes.

During AL studies the appearance or further un-
derslipping of facets, sometimes asymmetrically, 
can be detected. This fi nding is particularly well seen 
with cine-AL studies, even in the presence of minor 
modifi cations. Using sagittal 2D reformations with 
bone windowing, this hypermobility often seems to 
demonstrate a traumatic action of the inferior facet 
of a vertebra on the isthmus of the vertebra below 
(Danielson et al. 1998). According to the physi-
ological lordosis of the lumbar spine, this fi nding is 
usually visible in L4–L5.

This mechanism could explain the typical low 
back pain most of these patients experienced as 
the main symptom. Chronic stress on the isthmus 
could possibly lead to an isthmic “stress fracture” 
( Marchetti and Bartolozzi 1986) with isthmic 
lysis (adult type).

9.2.2.3.2 

Disappearance of Intra-articular Vacuum (Fig. 9.4)

Gas inside the articular space of patients with se-
vere degenerative phenomena of the articular facets 
is not an uncommon fi nding. During AL, reduction 
and disappearance of this fi nding associated with 
reduction or disappearance of the disc vacuum can 
be found. The association with facet hypermobility 
and narrowing of the articular space is relatively 
common.

This fi nding is known as articular vacuum sign, 
having the same meaning as the disc vacuum sign.

9.2.2.3.3 

Upperslipping (Paradoxical Motion) of the Articular 

Facets (Figs. 9.5 and 9.7)

An upward movement of the neural arch of L5 can 
be detected in young patients during AL; this fi nding 
is always associated with underslipping and hyper-
mobility of the L4 inferior facets and with poste-
rior widening of the L5-S1 disc space. This upward 
movement of L5 could increase the impact of the L4 
inferior facets on the L5 isthmi, responsible for local 
osteolysis and/or sclerotic phenomena.

9.2.2.4 

Foraminal Narrowing

Foraminal narrowing is often caused by longitu-
dinal hypermobility of the hypertrophic articular 
facets. In patients with isthmic lysis, an increase 
in listhesis causes a narrowing of foramina by the 
superior spur of the lysis with compression of the 
nearby nerve root.

9.2.2.5 

Thickening of the Ligamenta Flava 

Some thickening of the yellow ligaments can be ob-
served in patients with facet underslipping on pre-
load studies. During AL, patients with longitudi-
nal hypermobility of the posterior arch may have a 
shortening of the ligamenta fl ava and hence further 
thickening due to their elastic properties on sagittal 
reformations.

In contrast, a widening of the spaces between the 
posterior arches (i.e. a paradoxical motion) causes 
elongation and thinning of the ligamenta fl ava. In 
most patients with facet hypermobility, pronounced 
calcifi cation of the proximal insertion of the liga-
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ments – considered an indirect sign of segmental 
instability – can be appreciated on pre-load scans.

9.2.2.6 

Modifi cations in the Relationship Between Spinous 

Processes

The narrowing of the interspinous space, particularly 
at the L4–L5 level, is a common fi nding on plain fi lms 
and may be particularly well be appreciated on CT 3D 
reformations. This fi nding is quite frequently associ-
ated with degenerative signs and underslipping of the 
corresponding articular facets. In all patients with 
facet hypermobility, associated hypermobility of the 
spinous processes with both further narrowing of the 
interspinous spaces or widening of the spaces when a 
paradoxical motion was present is observed.

9.2.3 

AL-CT Versus AL-MRI

The EDMs previously described can be found in al-
most all AL-MRI studies. The advantages of AL-MRI 
are the absence of radiation exposure, larger fi eld-
of-view (usually the whole lumbar spine and lower 
thoracic spine), direct sagittal acquisition and con-
sequently no time-consuming post-processing. The 
main drawback is the 2D acquisition, usually in the 
axial and sagittal plane (while AL-CT can generate 
3D imaging of the spine), with poor visualization 

of the 3D dynamics of the posterior arches (i.e. ar-
ticular and spinous processes). The same observa-
tions described on AL-CT can be found on AL-MRI 
studies except for the so-called vacuum sign, which 
can be hard to detect. On the other hand, MRI has a 
higher sensitivity in demonstrating fl uid collections 
inside articular spaces (Fig. 9.8). They are probably 
the counterpart of the vacuum sign in AL-CT. More-
over, fl uid dynamics during axial loading are better 
seen with MRI (Fig. 9.9).

The most frequently observed modifi cation is the 
increase in spinal stenosis, present on pre-load MR 
studies (Fig. 9.10). Increased spinal stenosis is sec-
ondary to increased disk protrusion, thickening of 
the ligamenta fl ava, the presence of a synovial cyst 
(Fig. 9.9), or increased listhesis. There is agreement 
in the literature that patients with clinical symp-
toms of lumbar spinal stenosis should undergo AL 
studies to optimally evaluate spinal canal dimen-
sions ( Danielson et al. 1998; Hiwatashi et al. 2004; 
 Trasimeni et al. 2001). In selected patients with lum-
bar spinal stenosis symptomatology and narrowing 
of the spinal canal on AL-MRI, this information 
may infl uence treatment options (Hiwatashi et al. 
2004). In some cases, stenosis may appear only after 
AL and it is secondary to microinstability, usually 
undetected on conventional MRI scans in a neutral 
position. In these cases, standard MRI only shows 
an increase in intra-articular space fl uid with fur-
ther normal vertebral relationships on the sagittal 
images. After loading, anterior displacement of the 

Fig. 9.7a,b. Rotation around the Z-axis during loading (same patient as in Fig. 9.6). a Supine-unloaded CT: the lumbar spine 
is parallel to the sagittal plane. b During AL-CT: CCW rotation of L4 along the “Z” axis

a b
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superior vertebra and increase in spinal stenosis can 
be observed. Conventional X-ray studies in a stand-
ing position will show a spondylolisthesis. Conven-
tional MR studies may underestimate the degree of 
spinal stenosis compared to AL-MRI scans.

Advantages of AL-CT over AL-MRI include bet-
ter bony detail appraisal, better analysis of complex 
spatial instabilities and easier evaluation of articular 
“micro-movements” in a shorter acquisition time. 

This makes it a very valuable technique in older pa-
tients, in patients previously having undergone spi-
nal surgery (complex instability patterns) and in late 
stages of instability, where reciprocal movements 
are usually less pronounced. AL-MRI is indicated in 
younger patients and in early stages of spinal insta-
bility. MRI better depicts small fl uid collections in 
interarticular spaces and fl uid modifi cations after 
loading, as well as better evaluation of soft tissue 

Fig. 9.8a–c. Anterolisthesis during loading. Axial 
(a) and sagittal (b) supine-unloaded MRI: degenera-
tive facet joints with increased intra-articular fl uid 
and widened joint spaces at the L4–L5 level. Normal 
alignment of L4–L5. c During AL-MRI: mild anterior 
displacement of L4 on L5

a b

c
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Fig. 9.9a–h. Facet joint fl uid redistribution during loading. Axial T2-WI in supine-unloaded MRI (a–c) and during AL-MRI 
(d–f) at the L5–S1 level in a patient with LBP. Sagittal T2-WI in supine-unloaded (g) and during AL-MRI (h). On supine-
unloaded MR images there is fl uid in the joint space (arrowheads in a and c). On AL-MRI, intra-articular fl uid motion is 
observed with appearance of a small synovial extra-articular cyst on the left side (arrows in f and h)

g

h

a

c

b e

d

f
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structures involved in spinal stenosis such as the 
ligamenta fl ava, vertebral disc, etc. Small synovial 
cysts and soft tissues appearing during loading are 
better demonstrated by MRI.

9.2.4 

Loading of the Degenerative Spine: 

Classifi cation of Changes

EDMs described above may be observed alone or 
may coexist in various combinations, sometimes ap-
parently confl icting with each other. In a series of 
300 patients (Cartolari 1997) we were able to iden-
tify four patterns. The associations of EDMs found 

in our patients could represent defi nite motion pat-
terns, that we named complex dynamic modifi ca-
tions (CDMs) types 1–3. Pattern 4 was observed in 
patients with isthmic lysis.

9.2.4.1 

CDM1

The observations made during AL studies are listed 
in Table 9.2 and illustrated in Fig. 9.11.

A possible explanation of CDM1 is a modifi cation 
of the mechanisms of load and motion transmis-
sion at the L4 level. This usually happens because of 
disc insuffi ciency (disc changes observed on basal 
CT should be considered a predictive sign). Part of 
the axial load is transferred to the posterior arch, as 
suggested by the facet underslipping and narrowing 
of the L4–L5 interspinous space.

A second hypothesis is the development of a lum-
bar spine sagittal imbalance, usually secondary to 
degenerative disc disease (Depuis et al. 1985). Both 
mechanisms can even co-exist at the same time.

In the case of a normal or early degenerative L5–
S1 disc (as suggested by the younger age of these pa-
tients), the axial loading causes an anterior transla-
tion of the L4 body, while the normal L5–S1 nucleus 
pulposus acts as a fulcrum and causes the paradoxi-
cal motion of L5. This could produce a posterior mi-
gration of the nucleus itself (instead of an anterior 
migration).

In practical terms, L4–L5 and L5–S1 discs work 
“in fl exion” instead of working “in extension” (to in-
crement lordosis), as we expect, with an inversion of 
the normal disco-articular mechanics.

This modifi cation of the motion pattern may be 
very early, causing an impairment in normal disco-
articular mechanics, prodromic to a series of cas-
cade effects, at least on L4–L5 and L5–S1 levels (see 
below).

The modifi cations of load distribution due to 
L4–L5 impairment seem to be responsible for low 
back pain.

9.2.4.2 

CDM2

As a CDM1 develops, we can presume that at least the 
FSUs between L3 and S1 undergo impaired function. 
Early aging is probably more pronounced on lower 
FSUs (L4–L5 and especially L5–S1), as documented 
by disc space narrowing and degenerative disc and 
articular signs (e.g. vacuum sign).

a

Fig. 9.10a,b. Spinal stenosis during loading. a Supine-un-
loaded MRI. b During AL-MRI. Increased spinal stenosis 
secondary to increased disc herniation and abnormal mo-
tion of the articular processes and thickening of the yellow 
ligaments

b
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Table 9.2

Pattern 1: complex dynamic modifi cations, type 1 (CDM1)

Standard CT AL-CT

L4 facet underslipping
L4–L5 disc space narrowing
Interspinous space narrowing

�
�
�

Further L4 facet underslipping
Further narrowing of the L4–L5 disc space
Anterior translation of L4 on L5
Paradoxical motion of L5, with posterior widening of 
L5–S1 disc space, upperslipping of articular facets and 
hyper-mobility of the spinous processes

�
�
�
�

In all cases, abnormal movements were of clearly evident ranging from 1 to 3 mm
All patients had low back pain as the main symptom and about half of them had previously undergone L4–L5 disc surgery, with 
a percutaneous or micro-surgical approach

Pattern 2: complex dynamic modifi cations, type 2 (CDM2)

Standard CT AL-CT

L4 and L5 facet underslipping
Narrowing of L4–L5 and L5–S1 disc spaces, sometimes 
with degenerative signs (vacuum sign)
Facet degeneration and underslipping
Narrowing of interspinous spaces

�
�

�
�

Further narrowing of disc spaces (sometimes with para-
doxical motion) with vacuum reduction / disappearance 
when present and sometimes appearance of rotational 
movements
Sometimes paradoxical motion; usually further facet 
underslipping, sometimes asymmetrical (if body rota-
tional movements were present)
Further narrowing of interspinous spaces. further L4 facet 
underslipping

�

�

�

In these patients, abnormal facet and spinous movements were usually limited (about 1 mm) where the most important 
EDMs regarded disc spaces
About one third of these patients had previously undergone disc surgery, usually with a microsurgical approach at the 
L4–L5, L5–S1, or at both these levels
Relatively consistently, L4 showed an anterior translation on L5, but always < 3 mm

Pattern 3: complex dynamic modifi cations, type 3 (CDM3)

Standard CT AL-CT

L4 and L5 facet underslipping
Narrowing of L4–L5 and L5–S1 disc spaces, sometimes 
with degenerative signs (vacuum sign)
Facet degeneration and underslipping
Narrowing of interspinous spaces

�
�

�
�

Reduction or disappearance of vacuum sign (both discal 
and articular)
Further disc space narrowing
Increment of listhesis

�

�
�

Basal CT fi ndings were similar when compared to patients with a pattern 2, but disc and articular degeneration was more 
frequent (often with vacuum). All the patients had degenerative listhesis (usually L4–L5)
Articular and spinous movement were usually less than 1 mm

Pattern 4: patients with isthmic lysis (mostly at L5-S1, some at L4-L5 level)

Standard CT AL-CT

Listhesis of L5 (L4) on S1 (L5) at various degrees
Underslipping of L4 inferior facets
Narrowing of interspinous spaces

�
�
�

Increment of listhesis and widening of lysis
Further underslipping of L4 inferior facets, that wedge 
into the lysis
Further narrowing of interspinous spaces
Conserved L5–S1 disc space

�
�

�
�
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As the L5–S1 disc ages, the same posterior re-
distribution of axial loads (hypothesized in L4–L5) 
probably occurs (Fig. 9.12) with L5–S1 facet under-
slipping. This posterior redistribution of loads is 
favoured by the down-projection of the L4 neural 
arch that leans on the posterior arch of L5. In this 
way, the L5-S1 disc tends to resume a normal (even 
if narrowed) shape in response to loading. Accord-
ing to the mean age of the patients, the CDM2 could 
be the second step in the progression of a chronic 
lumbar spine instability.

The degenerative changes of articular facet joints 
are more evident, which could explain why the EDMs 
seen during cine-AL studies are of minor extent.

9.2.4.3 

CDM3

As alterations in the spine load distribution per-
sist, the spine undergoes progressive changes, with 
evidence of modifi cation and deformation of ver-
tebral shape. Over the years, a progressive anterior 
translation of a vertebral body (usually L4) occurs 
(Fig. 9.13).

This anterior translation probably originates 
from changes in force distribution due to disc de-
generation. This is probably then maintained and 
incremented by the down projection of the neural 
arch. The spinous processes could have, in the early 

Fig. 9.12a,b. Scheme of CDM2. Unloaded (a) and loaded (b) motion segment. L5 paradoxical motion (white curved arrows) 
reduces, with normalization of L5–S1 motion (black curved arrows) and disc shape (even if narrowed)

ba

Fig. 9.11a,b. Scheme of CDM1. CDM1 
consists of: (1) further L4 facet under-
slipping, (2) further narrowing of the 
L4-L5 disc space, (3) anterior translation 
of L4 on L5, (4) paradoxical motion of 
L5, with posterior widening of L5-S1 disc 
space and (5) upperslipping of articular 
facets and hypermobility of the spinous 
processesba
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stages, a dynamic supportive function to articular 
facets and disc.

This could represent a fourth (extreme) posterior 
functional column (Hazlett and Kinnard 1982), 
that prevents excessive facet underslipping and fur-
ther body anterior translation (see Fig. 9.11). With 
time, as the L4 posterior arch down-projection pro-
gresses, the spinous process encroaches the L5 spi-
nous process and stops.

At this point, the posterior arch is quite blocked. 
Since the vector’s sum must be constant, as an  axial 
vector acts on the lumbar spine, the anteriorly  directed 
vector increases and the vertebra moves  anteriorly.

If anatomical variations exist (e.g. hypoplastic S1 
neural arch or isthmic lysis of L5), the spinous pro-
cesses do not block their down projection and this 
could lead to posterior translation of the upper ver-
tebra. This often happens at the L5–S1 or L4–L5 level 
in patients with young-type L5 isthmic lysis.

When anterior translation progresses, degen-
erative listhesis (i.e. an anterior translation of at 
least 3 mm) often occurs together with the appear-
ance of bony spurs and obvious signs of disc and 
articular degeneration (e.g. vacuum phenomenon) 
on basal CT. These patients often show disc and ar-
ticular vacuum signs during AL studies. Sometimes, 
an inverted vacuum sign may be observed as a major 
sign of pathological load transmission.

Usually, articular and spinous EDMs are very 
small (1 mm or less) and best, or only, appreciated 
on 3D cine-AL studies. In most cases, AL stud-
ies were able to show some increment in listhesis, 
with more sensitivity and specifi city than conven-
tional dynamic plain fi lm (Cartolari et al. 1996; 
 Cartolari 1997). Since the mean age of patients is 
highest among this group, we believe that CDM3 is 
the third step in the progression of chronic lumbar 
spine instability.

As mentioned earlier, all defi nitions of lumbar 
spine instability are vague. Segmental instability is 
an abnormal response to applied loads, character-
ized by motion in motion segments beyond normal 
constraints (American Academy of  Orthopaedic 

Surgeons 1981). There is no an acute disruption 
of spinal structures. In contrast, we have the slow 
evolution of an unstable condition which is most 
likely the result of subacute, chronic and repetitive 
mechanical overloads (American Academy of 

 Orthopaedic Surgeons 1981).
We agree with Boden and Frymoyer’s defi nition 

that segmental instability is a loss of spinal motion 
segment stiffness, such that force application to that 
motion segment produces greater displacement than 
would be seen in a normal structure, resulting in a 
painful condition, the potential for progressive de-
formity and neurological structures at risk (Boden 
and Frymoyer 1997).

In our opinion, the term spine “dystability” 
should be preferred to indicate a different, lower en-
ergetic state of the spine which is the result of disc 
and/or ligament and/or bone problems at any level.

Lumbar segmental instabilities usually have etio-
logical or morphological classifi cations that do not take 
into account a possible common mechanism. Some of 
these classifi cations are reported in Tables 9.3 and 9.4.

In our opinion, the use of CDMs (particularly of 
CDM1) could lead to a universally accepted classifi -
cation of chronic segmental instability.

First of all, the conversion from CDM0 to CDM1 
identifi es L4 as the possible fulcrum of the lumbar 
spine system and suggests the presence of at least 
three functional levels and four functional columns 
in the lumbar spine (Fig. 9.14).

As one of the components of the columns fails for 
any reason (infection, trauma, degenerative changes, 
etc.), a stereotyped series of actions occurs which 
lead to a cascade of alterations in a sort of “domino 
effect” (Fig. 9.15).

In our opinion, the functional fulcrum of the lum-
bar spine is L4 and L4–L5 disc insuffi ciency is the 

Fig. 9.13. Scheme of CDM3. As alterations in the spine load 
distribution persist, the spine undergoes progressive chang-
es, with evidence of modifi cation and deformation of verte-
bral shape. Over the years, a progressive anterior translation 
of a vertebral body (usually L4) occurs
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Table 9.3. Lumbar segmental instabilities

1. Fractures and fracture dislocations

2. Infections involving the anterior columns

a. With progressive loss of vertebral body height and 
   deformity despite treatment with antibiotics

b. With progressing neurologic symptoms despite 
   treatment with antibiotics, if accompanied by pro-
   gressive loss of vertebral body height and deformity

3. Primary and metastatic neoplasms

a. With progressive loss of vertebral body height and 
   deformity

b. With progressing neurologic symptoms not result-
   ing from direct tumor involvement of the spinal 
   cord, cauda equina, or nerve roots

c. Postsurgical (after resection of the neoplasm)

4. Spondylolisthesis

a. Isthmic spondylolisthesis

I. L5–S1 progressive deformity in a child (rarely 
   unstable in adults)

II. L4–L5 deformity

5. Degenerative instabilities

6. Scoliosis

Table 9.4. Degenerative segmental instabilities

Primary instabilities

1. Axial rotational

2. Translational

3. Retrolisthetic

4. Progressing degenerative scoliosis

5. Disc disruption syndrome

Secondary instabilities

1. Post-discectomy – Subclassifi ed as for primary insta-
   bilities

2. Post-decompressive laminectomy

a. Accentuation of preexistent deformity

b. New deformity

3. Post-spinal fusion

a. Above or below a spinal fusion – Subclassifi ed as 
   for primary instabilities

b. Pseudoarthrosis

4. Post-chemionucleolysis

Fig. 9.14a,b. Functional model of the lumbar spine. The pro-
posed functional model, with three horizontal levels (a) and 
four functional columns (b). In this model the L4-L5 level is 
the possible functional fulcrum of the lumbar spine

Fig. 9.15. “Domino effect” of L4–L5 dysfunction

b

a
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most frequent cause of segmental instability. L4–L5 
dysfunction has effects particularly on L4–L5 and 
L5–S1 levels. With the exception of acute episodes 
(i.e. disc herniation with acute nerve root compres-
sion), the disease is usually chronic and with time 
progressive deformation of the spine occurs. Where 
the transition from CDM0 to CDM1 could even be 
subacute, the conversion from CDM1 to CDM3 could 
take many years.

This common view not only explains the progres-
sion of the disease, but also agrees with the hypoth-
esis of Kirkaldy-Willis and Farfan (1982) that 
degenerative processes occur in three sequential 
phases: dysfunction, instability and restabilization.

If a segmental dysfunction exists (e.g. L4–L5 disc 
insuffi ciency), we could have the conversion from 
CDM0 to CDM1, which includes instability. With 
time, the whole system tends to restabilize and we 
could fi nd CDM2.

This lower level stabilization (dystability) trans-
mits a dysfunction wave to the nearby structures, 
with progressive sequences of microinstability and 
restabilization. The end of the process is CDM3 (de-
generative listhesis).

Since the whole sequence seems to be stereo-
typed, every CDM could correspond to a different 
degree of segmental instability in a grading system 
from grade 0 to grade 3. On the other hand, every 
CDM corresponds to a typical basal CT and plain 
fi lm pattern. In the presence of the fi ndings de-
scribed above, a grade 1–3 segmental instability can 
be highly suspected (Table 9.5); confi rmation can be 
obtained with AL studies and cine-AL studies.

Patients with isthmic lysis and listhesis present 
a different functional problem. In fact, this entity 

usually occurs in younger people at the L5–Sl level, 
and this for developmental reasons (Kaech 1995). 
In these patients, the whole lumbar spine undergoes 
a functional rearrangement, bringing the structure 
into a low-unstable equilibrium.

In some adult patients, it can be hypothesized 
that a CDM1, with L4 facet underslipping, can result 
in a fatigue fracture of the L5 isthmus in an other-
wise normal neural arch.

This kind of lumbar instability could be named 
Grade 4 instability, with subtypes A (developmental 
spondylolisthesis) and B (acquired spondylolisthe-
sis) (Table 9.5).

9.2.5 

Axial Loaded Imaging of the Postoperative 

Spine

If the examination of the “unstable” spine is dif-
fi cult, the diagnostic evaluation of a postoperative, 
instrumented spine is even more diffi cult. This is not 
only because of the possible interference of surgical 
devices with CT or MRI, but also because the same 
diffi culties encountered in the analysis of possible 
hypermobile instability of the non-operated spine 
are also present (and generally greater) when trying 
to assess the stability of the operated spine.

We believe it is feasible to evaluate the surgically 
instrumented segments. Cages, Dynesis or DIAM 
(Device for Intervertebral Assisted Motion) spinal 
stabilization systems (Medtronic) do not produce 
artifacts severe enough to signifi cantly compromise 
the image quality (Figs. 9.16–9.19). Sagittal and 3D 
images allow a global visualization of the lumbar 

Table 9.5 The proposed instability grading system

CDMs Basal studies plain fi lms AL studies Instability grade

CDM1 - L4 facet underslipping
- Narrowing L4-L5 (disc) interspinous space
- Conserved L5-S1 disc space

- Further L4 facet underslipping
- Further narrowing L4-L5 space
- Anterior L4 translation
- L5 paradoxical motion

Grade 1

CDM2 - L4, L5 facet underslipping
- Narrowing of L4-L5 and L5-S1 and spinous 
   spaces

- Further facet underslipping
- Further disc and spinous spaces narrowing 
- Anterior translation of L4 (<3 mm)

Grade 2

CDM3 - As CDM2, plus:
- Degenerative listhesis (>3 mm)
- often disc and articular vacuum phenomenon

- Further disc space narrowing
- Increment of listhesis
- vacuum disappearing (Vacuum Sign)

Grade 3

CDM4 - Lysis and listhesis of L5 (L4)
- Underslipping of L4 inferior facets
- Narrowing of interspinous spaces

- Widening of lysis and increment of listhesis
- Wedging of L4 inferior facets into the lysis

Grade 4A

Grade 4B
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spine before and after instrumentation. Posterior 
stainless steel screws may yield some CT artifacts 
(beam hardening artifacts), primarily seen on the 
axial source images. Even in these cases, sagittal ref-
ormations and 3D images with transparencies allow 
a good overview of the spine (Figs. 9.20 and 9.21).

The cine-AL-CT frames allow for an evaluation 
of the spondylodesis (surgically instrumented seg-
ments), as well as the adjacent levels.

The diagnostic goals of evaluating an instru-
mented spine include: evaluation of the stability of 
the fi xed segment(s), analysis of the “internal” sta-
bility of the implant, assessment of the stability of 

the levels adjacent to the spondylodesis and assess-
ment of the correction of the preoperative instabil-
ity/deformity.

AL-CT in non-operated spines has been shown to 
be able to depict even minimal alterations in inter-
segmental spatial relationships. In the same way, we 
have been able to observe the response of the sur-
gically instrumented spine to axial loading. In the 
literature, reports indicate that no residual interseg-
mental movement should be found to confi rm the 
presence of complete intersegmental fusion (Kaech 
1995). In our opinion, AL-CT has higher sensitivity 
than conventional radiographs since movements are 

Fig. 9.16. a Basal CT, 3D anterior view. Young female (33 years old) with low back pain especially in orthostatism; the lumbar 
spine has correct sagittal alignment. b AL-CT, 3D anterior view. Comparison of mild right-convex scoliosis; anterior reduc-
tion of L5–S1 disc space (paradoxical motion). The patient refers the comparison of low back pain during axial loading. 
c Basal CT, 3D posterior view. Same patient; note the articular underslipping and the loss of interspinous spaces. d AL-CT, 
3D posterior view. Mild right-convex scoliosis; superior translation of L5-S1 posterior arch (paradoxical motion) and further 
underslipping of L3 and L4 inferior articular processes

b

c

a

d
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typically within a range of millimeters. In patients 
with cages, we found the persistence of some inter-
body movement, even of 1 mm or less motion in the 
craniocaudal dimension. This probably means that 
incomplete fusion may be present even when the 
patients are asymptomatic at the time of the AL-CT 
(Danielson and Willen 2001). 

In patients with prior posterior fusion proce-
dures, we believe that some interbody movement 
may always be possible in the subacute stages of 
bony interbody fusion (Figs. 9.20 and 9.21). This 
may be due to the elastic properties of the devices 
used, as well as that of the immature bony interbody 
fusion mass. In all cases we could observe some re-

Fig. 9.17. a Same Patient as in Fig. 9.16. Basal CT, 3D posterior view. In L4–L5 a DIAM has been positioned. The spine has 
right sagittal assessment; partial recovery of correct articular and spinous processes  spatial situation. The patient reports 
only partial reduction of her symptoms in orthostatism. b Same patient; AL-CT, 3D posterior view. The spine still has right 
sagittal assessment; superior translation of L5–S1 posterior arch (paradoxical motion) is still present. The orthostatic low 
back pain appeared during axial loading

a b

Fig. 9.18. a Basal CT, 3D posterior view. Presence of DYNESYS in L4–L5. Even in the presence of some Hounsfi eld artefacts, we 
can well evaluate that the spine has right sagittal balance and that the anatomical relationships between spinous and articu-
lar processes are correct. The patient is actually symptoms-free. b Same patient, AL-CT. No changes in the spatial situation 
of the spine; a slight longitudinal size reduction, with minimal shape deformation, is present in the spacers of the DYNESYS 
system in L4–L5, due to the work the system performs during axial loading. No pain appeared during axial loading

a b
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Fig. 9.19. a Basal CT, 3D anterior view. Young male (29 years old) after positioning of four DIAM. Mild left-convex scoliosis. 
The patient still has low back pain in orthostatism. b AL-CT. Same patient; during loading further left-convex scoliosis, 
with CCW rotation of L2 and L3 bodies and CW rotation of L4 and L5 bodies. On “Z” axis. Deformation of L3–L4 disc 
space and anterior reduction of L5–S1 disc space (paradoxical motion). Pain during axial loading. c Basal CT, 3D posterior 
view. Young male (29 years old) after positioning of four DIAM. Mild left-convex scoliosis. d AL-CT. Same patient; during 
loading further left-convex scoliosis, with CCW rotation of L2 and L3 bodies and CW rotation of L4 and L5 bodies. On “Z” 
axis. Minimal superior translation of L5 neural arch (paradoxical motion). It is possible to evaluate the deformation of the 
interspinous devices due to the work the devices perform during axial loading

a

c

b

d
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Fig. 9.20a-d. Basal CT, 3D anterior view. Male (53 years old), underwent complex surgery in L4-L5 some years previously: 
intersomatic cages, posterior fusion with screws and bone fusion of the transverse processes. Actually has increasing low 
back pain in orthostatism without leg pain. The lumbar spine has correct sagittal alignment. b AL-CT, 3D anterior view. 
Same patient; CCW rotation on L3 body on “Z” axis. c Basal CT, 3D posterior view. Same patient. The results of surgery 
in L4–L5 with intersomatic cages, posterior fusion with screws and bone fusion of the transverse processes are evident. 
d AL-CT, posterior 3D view. The  CCW rotation on L3 body on “Z” axis is visible and so the change in articular process 
relationships at the same level: hypermobile instability proximally to the fusion

a

c

b

d
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sidual interbody movement up to 2 years after the 
surgical spondylodesis, which should probably be 
considered as normal in asymptomatic patients.

On the other hand, the persistence of some degree of 
motion is normal when considering some of the “elas-
tic” intersegmental instrumentation devices such as 
the Dynesis and DIAM spinal stabilization systems. In 
patients with both such devices, we observed the way 
the device dissipated the axial load through the instru-
mentation system mainly on the 3D images (Fig. 9.19).

With “internal” stability of the implant, we mean 
several types of movements intrinsic to the device 
used. For example, the approximation of the two 
cages within the disc space, or some movement oc-
curring between the screws and the attached poste-
rior fi xation device. We did not observe such fi nd-
ings in our patients.

Reports in the literature describe the presence 
of increased motion at levels adjacent to correctly 
fused spondylodeses. As expected, we were able to 
observe this adjacent intersegment motion clearly in 
cases of “rigid” corrections of intersegmental insta-
bility (e.g. posterior fi xation instrumentation, disc 
cages). However, almost no movement is observed 
intersegmentally at levels adjacent to intersegmental 
instrumentation utilizing the “elastic stabilization” 

devices (e.g. Dynesis instrumentation, DIAM spinal 
stabilization systems).

The correction of instability is generally achieved 
given the specifi cations and limitations of the systems 
used. The more rigid systems may have engendered 
some incremental, new hypermobility in the levels 
adjacent to the instrumented segments (typically su-
periorly). In one case of DIAM instrumentation, we 
observed the persistence of the “paradoxical” motion 
at L5–S1, caudal to the instrumented level (i.e. placed 
at the L4–L5 level) (Figs. 9.16 and 9.17).

In our experience, AL-CT seems to be able to 
image clearly the surgically instrumented spine, 
allowing the observation of even minimal residual 
normal and abnormal intersegmental movements at 
and adjacent to the instrumented level. Even in the 
presence of large stainless steel metallic implants, 
sagittal reformations and 3D images enable a suf-
fi ciently clear analysis of the spine, while the func-
tional aspects of the examination (i.e. axial loading) 
enable excellent evaluation of the postsurgical load 
transmission patterns and an analysis of the way in 
which the instrumentation works. AL-CT can yield 
important and potentially useful functional infor-
mation and seems to be the reference approach to 
the post-surgical evaluation of the lumbar spine.

Fig. 9.21. a Basal CT, 3D anterior view. This elderly woman (78 years old) underwent an examination for intersomatic fusion 
with L3–L4 cages (seen in transparency) 2 years previously. A left-convex lumbar scoliosis is present as well as spondylosis 
phenomena at the same level. The patient is relatively asymptomatic. b AL-CT anterior view. Same patient. Only some mini-
mal change is visible in L3–L4, sign of still incomplete intersomatic fusion. No internal instability of the inserted devices

a b
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Menno Maes

Osteoporosis is increasingly recognised as a ma-
jor healthcare problem. Since it is mainly a disease 
of the elderly, and given the continuous aging of 
the population, it will affect the lives of a growing 
number of individuals. This is not so much because 
of the disease itself but above all because of the com-
plications involved. Fractures of osteoporotic bones, 
especially femoral neck fractures and vertebral body 
insuffi ciency fractures, are a cause of increased mor-
tality, increased morbidity, decreased mobility and 
a reduced quality of life. In addition to this personal 
detriment there is also a socioeconomic impact (in-
creased healthcare cost).

Therefore, there is need for diagnostic modalities 
for screening and early detection of osteoporosis, 
assessment of complication risk, detection of com-
plications and monitoring treatment. Diagnostic 
imaging plays an important role here.

10.2 
Bone Anatomy and Physiology

10.2.1 

Bone Structure

Bones are the hardest structures of the human body 
and provide the framework that supports the body. 
On sectional examination any bone is composed of 
two kinds of tissue. The exterior layer is dense in 
texture, like ivory, and is termed compact bone or 
cortical bone. The interior consists of slender fi bres 
and lamellae, which join to form a reticular struc-
ture. This is called cancellous, spongy or trabecular 
bone. These two types of bone differ in porosity and 
microstructure. Cortical bone is much denser with a 
porosity ranging between 5% and 10%. Trabecular 
bone is much more porous with porosity ranging 
anywhere from 50% to 90%. 
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10.1 
Introduction

Osteoporosis, or literally translated “bone (osteo) 
that is porous (porosis)”, is defi ned as “a systemic 
skeletal disorder characterized by compromised 
bone strength predisposing to an increased risk of 
fracture” (NIH 2000).
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K E Y - P O I N T S

Defi nition of osteoporosis:

Systemic skeletal disorder characterized by 
compromised bone strength, predisposing to 
increased risk of fracture

Radiography: insensitive in early stage

Radiolucency

Cortical thinning

Deformation of the vertebral bodies. However, 
conventional spine of osteoporosis

Dual-energy X-ray absorptiometry (DEXA):

Best method for assessing bone mineral den-
sity (BMD)

Used for determining when therapy is indi-
cated

Used for monitoring if an agent is therapeuti-
cally effective or not

T-score between -1 and -2.5 is consistent with 
osteopenia, and a T-score lower than -2.5 is 
classifi ed as osteoporosis

Z-score < –1 means that an individual has a 
substantially increased risk of sustaining an 
osteoporotic fracture

Vertebral insuffi ciency fractures:

Frequent complication in patients with low 
BMD/osteoporosis
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�

�

�

�

�

�

�

�

�

�

�

�

�

Routine spine X-rays have a high false-nega-
tive rate

Semi-quantitative method (Genant): 
classifi ed as wedge, biconcave, or crush, 
depending on whether the height reduction 
is most in the anterior, middle, or posterior 
part of the vertebral body
graded as mild, moderate or severe

MDCT: sagittal reformats
cortical disruption, bone impaction and a 
retropulsed bony fragment at the superopos-
terior edge of the vertebral body favour the 
diagnosis of an acute insuffi ciency fracture 

Additional imaging studies:
to determine the age of the fracture (MRI 
and/or bone scintigraphy)
to differentiate osteoporotic (benign) insuf-
fi ciency fractures from malignant fractures, 
especially in the acute and subacute stage 
(MRI)
FDG-PET may have potential value for dif-
ferentiation between osteoporotic and patho-
logical vertebral fractures

CT-guided biopsy if fi ndings on other imag-
ing techniques are equivocal

�

�
–

–

�
–

�
–

–

–

�

Compact bone consists of closely packed osteons 
or haversian systems. The osteon consists of a central 
canal called the Haversian (osteonic) canal, which is 
surrounded by concentric rings (lamellae) of matri-
ces. Between the rings of matrices, the bone cells (os-
teocytes) are located in spaces called lacunae. Small 
channels (canaliculi) radiate from the lacunae to the 
Haversian canal to provide passageways through the 
hard matrix. In compact bone, the Haversian systems 
are packed tightly together to form what appears to 
be a solid mass. The Haversian canals contain blood 
vessels that are parallel to the long axis of the bone. 
These blood vessels interconnect, by way of perforat-
ing canals (Volkmann’s canals), with vessels on the 
surface of the bone. Haversian canals are important 
for nutrition, growth and repair of bone.

Trabecular bone is built almost entirely of extra-
cellular substances (the matrices), consisting of cal-
cium and phosphorus (which form the mineral salt 

hydroxyapatite) and the protein collagen. Osteob-
lasts deposit the matrices in the form of thin sheets 
which are called lamellae and that form a mesh-like 
structure. The spaces of this mesh-like structure 
contain blood vessels and bone marrow. Blood ves-
sels interconnect via small canaliculi. Trabecular 
bone is made of primary and secondary trabeculae. 
The primary trabeculae are also known as stress 
trabeculae and are found along lines of stress. Sec-
ondary trabeculae are found perpendicular or ob-
lique to the primary or stress trabeculae. 

10.2.2 

Bone Turnover

Bone is tissue that is constantly being renewed and 
remodelled through the bone turnover cycle, which 
is carried out by the bone cells. 
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Cortical bone represents 75% of the bone mass in 
the body, trabecular the remaining 25%. The surface-
to-volume ratio is much higher in trabecular than 
cortical bone and accordingly bone remodelling has 
a greater effect on trabecular bone. Thus, bone re-
modelling has an annual turnover rate of about 25% 
in trabecular and 2%–3% in cortical bone. Adults 
renew their entire skeleton every 7–10 years.

There are two different types of bone cells (oste-
ocytes) responsible for this bone remodelling; the 
osteoblasts which are responsible for bone forma-
tion and the osteoclasts which are responsible for 
bone resorption. The osteoclasts remove the min-
eral compound and protein matrix from the bone, 
in a one stage process, assisting in the breakdown. 
The resulting cavity on the surface is then refi lled 
by the action of the osteoblasts which assist bone 
formation. This occurs in two stages. Firstly the 
osteoblasts produce collagen fi bres and other com-
ponents of the matrix, which becomes the osteoid, 
and secondly they harden the matrix by encourag-
ing the deposition of minerals on to the protein 
framework to form new bone. 

As a consequence of the bone turnover cycle, 
bones are vulnerable to disease, the most prevalent 
disease being osteoporosis. Moreover, the actions 
of osteocytes are under hormonal control. The hor-
mones involved include growth hormone, oestro-
gen, testosterone, adrenal hormone, parathyroid 
hormone, thyroid hormone, and thyrocalcitonin. 
This has great signifi cance when considering the 
risk factors and treatments for osteoporosis. 

10.3 
Epidemiology and Aetiology

With aging of the population there are an increasing 
number of people suffering from osteoporosis. It is 
estimated that 10 million individuals already have 
osteoporosis in the US, and 18 million more have a 
low bone mass, placing them at increased risk for 
this disorder (NIH 2000). For women it has been 
estimated that approximately 20% will have oste-
oporosis at the age of 50, 30% at the age of 70 and 
40% at the age of 80 (Kanis et al. 1994).

Although generally considered a disease affecting 
only females, new insights show that osteoporosis 
should no longer be considered age- or gender-de-
pendent (NIH 2000).

Osteoporosis can be characterised as either pri-
mary or secondary, depending on the absence or 
presence of an underlying disease as a cause of bone 
resorption.

Primary osteoporosis is the result of bone loss 
occurring during aging, or of sub-optimal bone 
growth during childhood and adolescence (NIH 
2000). So, individuals can develop osteoporosis 
without accelerated bone loss, if at skeletal matu-
rity (which occurs between the ages of 25 and 35) 
the peak bone mass does not reach the level of the 
normal population.

Primary osteoporosis is usually generalized and 
thus affects the entire skeleton. Primary osteoporosis 
due to aging is often referred to as “senile osteoporo-
sis”. The cause of senile osteoporosis is multifactorial 
with an important role played by hormonal infl uenc-
es. It is often seen in postmenopausal woman (hence 
“postmenopausal osteoporosis”) due to deprivation 
of oestrogen. Because of this, women show an earlier 
onset and more profound manifestation of the disor-
der than men. Primary osteoporosis can be encoun-
tered in women as young as 45 years, but is rarely seen 
in men below 65 years (Quek and Peh 2002). Other 
contributing factors include: genetic predisposition, 
environmental factors such as calcium intake during 
childhood, physical activity and patient constitution. 
Thin individuals generally have lower bone mineral 
density than heavier individuals (Liggett and Reid 
2000). In women 70% of all osteoporosis is considered 
to be primary, with the vast majority of this due to 
postmenopausal oestrogen defi ciency (Caplan et 
al. 1994). In men, however, only 46% of osteoporo-
sis sufferers have no known predisposing illness 
(Baillie et al. 1992).

Many clinical conditions have been associated 
with osteoporosis (Table 10.1). As mentioned, oste-
oporosis secondary to an underlying disease is re-
ferred to as secondary osteoporosis.

10.4 
Imaging of Osteoporosis

10.4.1 

Conventional Radiography

Irrespective of aetiology, the main radiographic fea-
tures of osteoporosis of the spine are: (1) increased 
radiolucency of vertebrae, (2) cortical thinning and 



238 M. Maes

Table 10.1. Risk factors for osteoporosis

Strongest risk factors Female sex
Age >60 years
Family history of osteoporosis

Other risk factors Caucasian origin
Early menopause
Low BMI
Smoking
Sedentary lifestyle
Long term corticosteroid usage
Underlying diseases

Anorexia nervosa
Chronic liver disease
Celiac disease
Hyperparathyroidism
Infl ammatory bowel disease
Male hypogonadism
Renal disease
Rheumatoid arthritis
Vitamin D defi ciency
Prostate carcinoma
Breast carcinoma

Fig. 10.1. Lateral X-ray of the 5th ver-
tebra shows increased lucency, cortical 
thinning and vertical striations at the 
vertebral body. These fi ndings are sug-
gestive for osteoporosis

(3) deformation of vertebral bodies (Figs. 10.1 and 
10.2) (Quek and Peh 2002).
Increased radiolucency, or so-called osteopenia, is 
the result of resorption of bone trabeculae, a proc-
ess in which secondary (horizontal) trabeculae are 
affected earlier than primary (vertical) trabeculae in 
the course of the disease. Therefore, vertical stria-
tions can be seen in the vertebral bodies.

Cortical thinning is due to osseous resorption of 
the cortex, mainly occurring at the endosteal side, 
with concomitant scalloping of the inner cortical mar-
gin. Because of the loss of adjacent bone trabeculae the 
cortex remains clearly visible. At the vertebral bodies 
this feature is referred to as “picture-framing”.

Deformation of vertebrae can be recognized as 
concavity of the vertebral end plates (so-called fi sh 
vertebrae), loss of parallelism of endplates, or as 
height reduction of vertebral bodies due to insuffi -
ciency fractures.

Conventional spine radiography is relatively in-
sensitive in detecting early-stage osteoporosis, be-
cause a substantial bone loss (approximately 30%) 
must have already occurred before radiographic 
detection is possible (Harris and Heaney 1969). 
Moreover, radiographic assessment of bone density 
is subjective and made diffi cult by overlying soft 
tissues and technical factors (image penetration). 
For more advanced stages of the disease, however, 
conventional radiography can provide a rough es-
timation of bone loss, and correlation with dual 
energy X-ray absorptiometry is the best if looked 
at at the level of the third lumbar vertebra (Yuan 
et al. 1998).

10.4.2 

Dual-Energy X-Ray Absorptiometry (DEXA)

Dual-energy X-ray absorptiometry (DEXA) is cur-
rently still considered the best method for assessing 
bone mineral density (BMD), and hence for diag-
nosing osteoporosis. The technique is simple and 
non-invasive, equipment is widely available and ra-
diation exposure is limited (Njeh et al. 1999).

The fundamental principle behind DEXA is the 
measurement of the transmission through the body 
of X-rays of two different photon energies. Because 
the attenuation coeffi cient differs with atomic 
number and photon energy, measurement of the 
transmission factors at two energies enables the ar-
eal density (mass per unit projected area in g/cm2) of 
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two different types of tissue to be inferred, namely 
bone mineral and soft tissue.

According to the recommendations of the World 
Health Organisation (WHO 1994) the diagnosis of 
osteoporosis based on BMD can be made using a so-
called T-score (Table 10.2), that is calculated by tak-
ing the difference of a patient’s measured BMD and 
the mean BMD in healthy young adults, relative to the 
young adult population standard deviation (SD). These 
numbers are matched for gender and ethnic group.

T-score = (measured BMD – young adult mean BMD) 
    / young adult SD

Such a T-score indicates the difference between 
the patient’s measured BMD and the ideal peak 
bone mass achieved by a young adult (Heaney et 
al. 2000). A negative T-score means that either the 
patient failed to achieve the optimum young adult 
BMD or has subsequently lost bone mass due to the 
effects of ageing or disease (Blake and Fogelman 
2002). A T-score between –1 and -2.5 is consistent 

with osteopenia (Fig. 10.3), and a T-score lower than 
–2.5 is classifi ed as osteoporosis (Fig. 10.4).

Alongside the T-score, another useful way of ex-
pressing BMD measurements is by using Z-scores.

Z-score  = (measured BMD – age matched mean BMD) 
   / age matched SD

Like the T-score, the Z-score is expressed in units 
relative to the population’s SD. However, instead of 
comparing the patient’s BMD with the young adult 
mean, it is compared with the mean BMD expected 
for the patient’s peers (e.g., for a healthy normal 
subject matched for age, gender and ethnic origin) 
(Blake and Fogelman 2002).

A Z-score is not useful to diagnose osteoporo-
sis, but it expresses the patient’s fracture risk com-
pared to its peers (the lower the score, the higher the 
risk). A Z-score < –1 means that an individual has 
a substantially increased risk of sustaining an oste-
oporotic fracture (Blake and Fogelman 2002). 

DEXA measurements can be carried out at the 
peripheral skeleton (forearm, hand or heel). This is 
referred to as peripheral DEXA (pDEXA). Clinically 
more important, however, are DEXA measurements 
of the axial skeleton (spine, hip), because fractures 
at these sites can cause a substantial impairment 
of quality of life, morbidity and mortality (Blake 
and Fogelman 2002). Hip BMD measurements have 
been shown to be the most reliable way of evaluating 
the risk of hip fracture, and the spine is regarded as 
the optimum site for monitoring treatment response 
(Cummings et al. 1993, Eastell 1998).

10.4.3 

Computer Tomography

CT features of spine osteoporosis are similar to 
those seen on conventional radiology (Fig. 10.5). 
First of all there is an overall decrease in the density 
of trabecular bone. The lower density of trabecular 
bone is in stark contrast to the higher density of cor-
tical bone. This is best appreciated at the vertebral 
bodies. Secondly, vertical striations can be seen in 
the vertebral body, similar to the vertical striations 
seen on conventional radiographs. Thirdly, in os-
teoporosis there is thinning of the vertebral cortex 
throughout the whole spine (Ritzel et al. 1998). 
Moreover, deformity of endplates as the result of 
insuffi ciency fractures is easily detected on sagittal 
reformations of a multislice CT dataset.

Fig. 10.2. Lateral X-ray of the lumbar spine shows increased 
lucency, cortical thinning and vertical striations at the ver-
tebral bodies. The vertebral endplates have lost their paral-
lelism
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Table 10.2. WHO recommendations for the defi nitions of 
osteoporosis and osteopenia

Terminology T-score defi nition

Normal T ≥ –1.0

Osteopenia –2.5 < T < –1.0

Osteoporosis T ≤ –2.5

Established osteoporosis T ≤ –2.5 in the presence of one 
or more insuffi ciency fractures

Fig. 10.3. DEXA examination of the lumbar spine. Mean T-score is –1.5. Diagnosis: osteopenia

Fig. 10.4. DEXA examination of the lumbar spine. Mean T-score is –3.5. Diagnosis: osteoporo-
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By using special software, conventional CT scan-
ners can be used for BMD measurement. This is 
referred to as quantitative computed tomography 
(QCT). QCT is particularly useful to measure BMD 
at the spine. Correlation with BMD values obtained 
with DEXA is high and signifi cant (Sosa et al. 1998). 
The main advantage of QCT is that it can measure 
cortical and trabecular bone separately. Indeed, 
cortical BMD is a better predictor for fracture risk 
than is trabecular BMD (Andresen et al. 1999). 
Disadvantages are the relatively high radiation dose 
involved (Njeh et al. 1999) and the high cost of CT 
scanning equipment. 

10.4.4 

Magnetic Resonance Imaging

The diagnosis of non-complicated osteoporosis can 
not be made based upon the appearance of bone 
marrow on standard T1- and T2-weighted images. 
Signal intensities on T1 and T2 are mainly the re-
fl ection of bone marrow quality (cellular marrow 
versus fatty marrow), which can be altered by age or 
the presence of an underlying haematopoietic dis-
order. On the other hand osteoporosis is a disease 
generally affecting the elderly, so most osteoporotic 
spines will present with diffuse high signal intensity 
of bone marrow on T1- and T2-weighted images as 
the result of age-related fatty degeneration of bone 
marrow (Ricci et al. 1990). In cases of complicated 
(established) osteoporosis with deformed and col-
lapsed vertebral endplates, the diagnosis of oste-
oporosis is more obvious.

Although still experimental, Lin et al. (2000) re-
ported that MR spectroscopy of spine vertebra could 
be helpful in the diagnosis of osteoporosis, by show-
ing an increase in the lipid-to-water ratio. Shih et al. 
(2004) reported a decrease in marrow perfusion on 
perfusion MR imaging, with signifi cant correlation 
between the peak enhancement ratio of vertebral 
bone marrow and BMD.

Furthermore, on diffusion weighted imaging ac-
cumulation of fatty bone marrow associated with 
osteoporosis has been reported to be refl ected by a 
decrease in extravascular diffusion and apparent 
diffusion coeffi cient (Yeung et al. 2004). 

Further investigation is needed to determine 
whether these bone marrow changes on MR spec-
troscopy, perfusion MR imaging and diffusion MR 
imaging are truly due to osteoporosis and not age 
related phenomena. 

In literature some reports focus on the use of quan-
titative MR for measuring BMD, using the MR relax-
ation time T2 of protons (Majumdar and Genant 
1995; Machann et al. 2001). The value of this tech-
nique in clinical practice, however, is still unclear.

10.4.5 

Scintigraphy

There is no role for bone scintigraphy in the diag-
nosis of osteoporosis itself, but it can provide useful 
information in cases of complicated osteoporosis by 
confi rming whether a fracture has occurred, deter-
mining the age of the fracture or identifying unsus-
pected fractures (Hain and Fogelman 2002).

10.5 
Complications

10.5.1 

Insuffi  ciency Fractures

10.5.1.1 

Prevalence

Vertebral insuffi ciency fractures are a frequent com-
plication of osteoporosis. It is estimated that in the 
US vertebral insuffi ciency fractures occur in about 
25% of Caucasian females over age 50, and in Europe 
in 20% (Melton et al. 1993; O’Neill et al. 1996). 

Fig. 10.5. Sagittal reformation of a multislice CT dataset 
showing decreased bone density, cortical thinning and ver-
tical striations at the vertebral bodies
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Moreover, the proportion of females with frac-
tures is increasing with age. By the age of 75 more 
than one in three Caucasian females has at least one 
fracture (Melton et al. 1993). 

In other ethnic groups the prevalence of verte-
bral insuffi ciency fractures is lower. They are found 
in only 10% of Hispanic-American and Japanese-
American females over the age of 50 (Bauer and 
Deyo 1987; Ross et al. 1991), and estimates suggest 
that vertebral fractures are even less common for 
African-American men and women, with a preva-
lence of only a few percent (Jacobsen et al. 1992).

10.5.1.2 

Fracture Risk

It is well known that the risk for a future oste-
oporotic fracture is increased for patients with 
low BMD.

In addition, the existence of an earlier vertebral 
fracture increases the risk of subsequent fractures 
due to osteoporosis, irrespective of a person’s BMD 
(see Table 10.1). This has been well established by 
several authors (Ross et al. 1991, 1993; Davis et 
al. 1999; Melton et al. 1999). Not surprisingly, the 
presence of multiple vertebral fractures is associ-
ated with even higher risk. A patient with low BMD 
and two or more fractures has 75 times the risk of a 
patient with high BMD and no fractures.

10.5.1.3 

Imaging of Vertebral Insuffi  ciency Fractures

10.5.1.3.1 

Conventional Radiography

The diagnosis of a vertebral fracture is often diffi cult 
to make on clinical grounds only. Therefore, sus-
pected patients are often referred to the radiology 
department for spine X-rays, despite the high false-
negative rate (27%–45%) (Delmas et al. 2001) of 
this imaging technique. To improve sensitivity of the 
examination and uniformity of radiology reports, 
in the past several quantitative and semi-quantita-
tive techniques have been developed, of which the 
method proposed by Genant et al. (1993) is the most 
applicable in general practice.

When evaluating imaging studies in which the 
vertebrae are included (not just spine radiography 
but also lateral chest radiography), the follow-
ing questions should be resolved (Lenchik et al. 
2004):

Is there a fracture?
What is the age of the fracture?
Can it be a pathologic fracture?

A vertebral fracture should be diagnosed when 
there is loss of height of more than 20% of the an-
terior, middle, or posterior dimension of the verte-
bral body. Vertebral fractures can be classifi ed and 
graded according to the semi-quantitative method 
as proposed by Genant et al. (1993) (Figs. 10.6 and 
10.7a). Following this method vertebral fractures are 
classifi ed as wedge, biconcave, or crush fractures, 
depending on whether the height reduction is most 
in the anterior, middle, or posterior part of the ver-
tebral body.

Moreover, following the same method, vertebral 
body fractures can be graded as mild (grade 1, 20%–
25% height reduction), moderate (grade 2, 26%–40% 
height reduction) or severe (grade 3, >40% height 
reduction).

On conventional radiographs alone, it is often 
diffi cult to determine the age of the fracture, unless 
previous radiographs are available for comparison. 
Acute fractures present with cortical disruption 
or impaction of the trabeculae (Fig. 10.7b). When 
cortical disruption is not present and the vertebra 
appears equal in density to the neighbouring verte-
brae, the fracture is probably of older age. In many 

�
�
�

Fig. 10.6. X-ray of the thoracolumbar region: old grade II 
biconcave fracture of the 12th thoracic vertebra and old 
grade III wedge fracture of the 11th thoracic vertebra
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Fig. 10.7a,b. X-ray of the lumbar spine. a Acute grade II 
wedge fracture of the 3rd lumbar vertebra. b Magnifi cation 
showing trabecular impaction and cortical disruptiona

b

instances, however, additional imaging studies, such 
as MDCT, MRI or bone scintigraphy, are necessary 
to determine the age of the fracture. In any case, all 
fractures, even old ones, should be reported, because 
they increase the risk of subsequent fractures.

It is important to acknowledge the fact that not 

all vertebral fractures are due to osteoporosis. In 
particular, previous trauma, infection, and an un-
derlying tumour must be excluded. The presence of 
sclerotic or osteolytic bone lesions suggests a malig-
nant aetiology. An intravertebral vacuum cleft in a 
collapsed vertebra is indicative of avascular necro-
sis and suggests a benign aetiology (Malghem et 
al. 1993). If a tumour is suspected, further work-up 
with CT and/or MRI is mandatory.

It is also important to realise that not every de-
formed vertebra is a vertebral fracture caused by 
osteoporosis. As a radiologist you should become 
familiar with diagnostic pitfalls. Poor technique 
in which the lateral projection is really an oblique 
projection may lead to the vertebrae appearing 
fractured. Similar pseudo fractures may be seen on 
lateral projections in patients with scoliosis. Frac-
tures can also be mimicked by other abnormalities 
in vertebral shape, e.g. Cupid’s bow deformity, lim-
bus vertebra, Schmorl’s nodes (Scheuermann’s dis-

ease) and H-shaped vertebrae (sickle cell disease or 
Gaucher’s disease) (Lenchik et al. 2004).

10.5.1.3.2 

Magnetic Resonance Imaging

When a vertebral fracture is suspected, the main 
purpose of MR is to differentiate osteoporotic (be-
nign) insuffi ciency fractures from malignant frac-
tures, especially in the acute and subacute stage, 
when bone scintigraphy is unable to do so. The per-
formed MR examination should help the radiologist 
answer the following questions:

Is there a fracture (or more than one fracture)?
What is the cause of the fracture (benign vs. ma-
lignant fracture)?
Is the fracture old or acute/subacute?
Is there an immediate risk for nearby structures 
(nerves, myelum, etc.)

The imaging protocol used (Table 10.4) should 
therefore contain sequences that deliver good ana-
tomical detail and sequences that are sensitive for 
bone marrow changes (particularly oedema). Imag-
ing should be performed in at least two planar di-
rections, and if a tumour is suspected gadolinium 

�
�

�
�
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Table 10.3. Increase in risk for subsequent fractures in case 
of existing vertebral fractures (Ross et al. 1991, 1993; Davis 
et al. 1999; Melton et al. 1999)

Site of subsequent fracture Increase in risk due to 
preceding vertebral fracture

Spine 4–5 x

Hip 2 x

Any 3 x

Table 10.4. Proposed MR imaging protocol

Plane Sequence

Before gadolinium administration Sagittal TSE T1

Sagittal TSE T2

Sagittal STIR

Axial GRE T2* or TSE T2

After gadolinium administration Sagittal TSE T1

Axial TSE T1 (+/– fat sat)

Optional Sagittal GRE out-of-phase

Sagittal Subtraction images

Sagittal Diffusion weighted images

Sagittal Perfusion images

enhanced images should be obtained to determine 
tumour extension.

Osteoporotic Compression Fractures

First of all, it is very important to be aware that 
the presence of multiple collapsed vertebrae in a 
patient suggests neither a benign nor a malignant 
aetiology (Rupp et al. 1995). Not infrequently are 
both benign and malignant compression fractures 
present in the same patient. Therefore, the morpho-
logical and signal intensity criteria described in this 
chapter should be applied to each collapsed vertebra 
separately. MR features of osteoporotic and malig-
nant fractures are resumed in Table 10.5.

The signal intensity of vertebral bone marrow in 
a benign compression fracture differs in accordance 
with the age of the fracture. 

In the acute stage (Figs. 10.8 and 10.9) osteoporotic 
fractures (<2 months old) usually present with a fo-
cal band-like area of low signal intensity bordering 
the fractured endplate on T1-weighted images. Near 
the opposite endplate there is generally an area of 

normal signal intensity of variable shape ( Cuenod 
et al. 1996; Jung et al. 2003). The size of the low sig-
nal intensity area seen on T1-weighted images in 
acute compression fractures remains unchanged for 
2–4 months and then gradually returns to normal. 
The time to complete normalisation of the marrow 
signal is variable (Yuh et al. 1989; Yamato et al. 
1997).

Normal marrow preservation of the compressed 
vertebral body on T1 imaging is consistent with an 
old osteoporotic fracture (Rupp et al. 1995).

On T2-weighted images, a collapsed vertebra is 
isointense compared to neighbouring non-collapsed 
vertebrae (Cuenod et al. 1996). An area of low sig-
nal corresponding to the fracture line or trabecular 
impaction can also be seen on T2-weighted images 
(Palmer et al. 1999).

On STIR images, the presence of focal, linear or 
triangular areas of high signal intensity, equal to 
the signal of CSF, adjacent to the fractured vertebral 
endplate (“fl uid sign”) (Fig. 10.8) is an additional 
feature of acute and subacute osteoporotic fractures 
and is not often seen in metastatic fractures (Baur 
et al. 2002). 

On contrast-enhanced T1-weighted images, there 
is partial or complete equalization of the marrow 
signal of the acutely collapsed vertebra with that 
of neighbouring non-collapsed vertebrae. This is 
called “return to normal signal intensity” (Cuenod 
et al. 1996). 

Morphologically, an insuffi ciency fracture has 
the same features as encountered on conventional 
radiographs: height reduction of the vertebral body, 
loss of parallelism of endplates and deformity of 
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Table 10.5. Differential diagnosis of osteoporotic and malignant fractures

Feature Old benign fracture Acute/subacute benign fracture Malignant fracture

SI on T1 Iso Low signal intensity band Low

SI on T2 Iso Iso/high Iso/high

SI on STIR Low High
Fluid sign

High
No fl uid sign

Deformation of posterior wall Posterosuperiorly located Posterosuperiorly located Whole posterior wall

Involvement of pedicles/posterior 
elements

No Usually not Often

Soft tissue mass No Usually not Often

Abnormal enhancement No Usually not Usually

Diffusion Normal Normal/increased Restricted

Perfusion Low peak High peak
Rapid wash in
Second slower-rising slope

High peak
Rapid wash in
Early wash out

Fig. 10.8a–d. MRI thoracolumbar spine: sagittal TSE T1 (a), TSE T2 (b), 
STIR (c) and axial TSE T1 images (d). Acute grade III biconcave fracture 
of L1 with retropulsion of the posterior wall and fl uid sign on STIR im-
ages. Note also the old fractures of the T8 and T9 bodies

b

d

a c
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endplates. The lumbar pedicles and posterior ele-
ments are usually not affected. One morphological 
feature that is highly specifi c for a benign fracture 
is the presence of a retropulsed fragment at the pos-
terior wall of the affected vertebral body (usually 
posteriorly and superiorly located), that bulges into 
the spinal canal (Figs. 10.8 and 10.10). This fi nding is 
highly specifi c (100%) but has an extremely low sen-
sitivity (16%) (Cuenod et al. 1996; Jung et al. 2003).

Malignant Compression Fractures

On T1-weighted images a malignant compression 
fracture shows replacement of bone marrow with 
low signal intensity (Rupp et al. 1995; Cuenod et 
al. 1996). On T2-weighted images signal intensity in 
the collapsed vertebra is either normal or high. Mar-
row oedema is most easily detected on STIR images. 
Bone marrow displacement in malignant fractures 
is usually diffuse and less commonly nodular or 
multifocal. Gradient echo out-of-phase images are 
very sensitive in detecting focal bone lesions.

On contrast-enhanced images abnormal en-
hancement is seen in the affected vertebra(e). The 
enhancement effect is mostly marked and inhomo-
geneous with diffuse or patchy distribution ( Cuenod 
et al. 1996; Shih et al. 1999).

Morphological features suggestive of malignancy 
include a convex bulge involving the whole of the 
posterior cortex of the vertebral body, involvement 
of the pedicles and the presence of an epidural and/
or paraspinal soft tissue mass (Fig. 10.11) (Yuh et al. 
1989; An et al. 1995; Rupp et al. 1995; Cuenod et al. 
1996; Baker et al. 1990; Shih et al. 1999). 

The presence of an epidural mass is sensitive 
(80%) and highly specifi c (100%) for a malignant 
fracture. Convexity of the whole posterior cortex of 
the vertebra and pedicular involvement have respec-
tive sensitivities and specifi cities of 70% and 94%, 
and 80% and 94% (Cuenod et al. 1996).

If fi ndings on routine images are not completely 
conclusive for distinction between an acute benign 
or pathologic vertebral compression fracture, then 

Fig. 10.9a–c. MRI lumbar spine: sagittal TSE T1 (a), TSE T2 (b) and STIR (c) images revealing an old grade I wedge fracture 
of L4 and an acute grade III biconcave fracture of L1. The signal intensities of bone marrow in the L4 body are similar to 
that of the neighbouring vertebrae. This is in contrast to the band-like area of low signal intensity (T1) and the edema in 
the body of L1 (STIR)

ba c
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b

d

a c

e

Fig. 10.10a–e. Lateral Spine X-ray (a) and MRI of the lumbar spine: sagittal TSE T1 (b), TSE T2 (c), STIR (d) and GRE out-
of- phase (e) images. The X-ray shows four osteoporotic fractures. The cortical disruption at the lower endplate of L3, and 
sclerosis of the upper end plate of L2 and lower endplate of L1 suggest acute fractures. This is confi rmed by MRI (low signal 
bands on T1 in the L1, L2 and L3 bodies; fl uid sign on T2 and STIR in the L1 and L3 bodies). GRE out-of-phase images show 
no focal bone lesions. Note the retropulsed bony fragment at the superior edge of the posterior wall of L2 and L5
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Fig. 10.11a–f. MRI lumbar spine: sagittal TSE T1 (a), TSE T2 (b), STIR (c), GRE out-of-phase (d), and axial TSE T2 images (e, f). 
Multiple myeloma with tumoral masses at the T9 and L1 bodies and para spinal soft tissues, involvement of the L1 pedicles 
and pathologic fracturing of L1

b d

f

a c

e

diffusion-weighted imaging of the spine might be 
helpful. Diffusion restriction is indicative for a path-
ologic fracture, whereas normal or increased diffu-
sion is suggestive for an osteoporotic fracture (Baur 
et al. 2001; Herneth et al. 2002).

A recent report from Chen et al. (2002) states 
that perfusion MR imaging is also valuable in the 
differentiation of benign and malignant vertebral 
lesions. According to the authors, a time-intensity 
curve showing rapid contrast wash-in followed by 

early wash-out has a high positive predictive value 
(100%) for malignancy, whereas a rapid contrast 
wash-in with a second slower-rising slope has a high 
positive predictive value (85.7%) for benign com-
pression fractures. Moreover, metastatic vertebral 
lesions with or without fracture had a higher peak 
enhancement percentage and steeper enhancement 
slope than those of chronic compression fractures, 
but these parameters were not different as compared 
to acute compression fractures.
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10.5.1.3.3 

Computer Tomography

Of all imaging modalities CT is the one best suited 
for evaluating bone structure (Figs. 10.12–10.14).

A malignant compression fracture on CT fre-
quently shows destruction of the anterolateral or pos-
terior cortical bone, cancellous bone and/or pedicle 
(Laredo et al. 1995). On the contrary, bone de-
struction is rare in insuffi ciency fractures. Corti-
cal disruption and bone impaction occurring with 
an acute insuffi ciency fracture, or a retropulsed 
bony fragment at the superoposterior edge of the 
vertebral body, favouring the diagnosis of an in-
suffi ciency fracture, are easily detected on sagittal 
reformations of a multislice CT dataset. Paraspinal 
and epidural masses, which are highly suggestive 
for malignant fractures, are well depicted on CT.

Additionally, CT-guided biopsy can be useful if 
fi ndings on other imaging techniques (especially 
MR) are equivocal.

10.5.1.3.4 

Nuclear Imaging

In symptomatic osteoporotic patients bone scintig-
raphy with Tc-99m HDP may be helpful in eluci-
dating the aetiology of back pain and can have an 
impact on patient management (Cook et al. 2002). 
A negative bone scintigraphy rules out a recently 
occurred osteoporotic fracture, so further examina-
tions can be directed in fi nding other causes for back 
pain. If bone scintigraphy shows a hot spot, how-

ever, further imaging is necessary to differentiate 
between for example osteoarthritis, an insuffi ciency 
fracture and malignancy.

Preliminary results of a German study showed 
that positron emission tomography with fl uorine-18 
deoxyglucose (FDG-PET) may have potential value 
for differentiation between osteoporotic and patho-
logical vertebral fractures, since a high FDG uptake 
is characteristic for malignant and infl ammatory 
processes (Schmitz et al. 2002).

10.5.2 

Spinal Cord Injury

Although vertebral fractures occur frequently in 
osteoporosis, there is only seldom an associated 
spinal cord injury. When neurological injury oc-
curs it has in general a gradual, delayed onset and 
spontaneous recovery can be expected (O’Connor 
et al. 2002). Most reports in the literature describe 
delayed-onset paraplegia after vertebral collapse, 
but sudden and catastrophic spinal cord injury can 
occur (O’Connor et al. 2002). Neurological injury 
is usually the result of deformation of the posterior 
wall of the fractured body with narrowing of the 
spinal canal, or due to spinal cord compression 
by a retropulsed bony fragment (Kaplan et al. 
1987).

The risk of spinal cord compression is increased 
in patients suffering from pre-existing epidural 
lipomatosis, for example after long term steroid 
therapy (Andress et al. 2000).

Fig. 10.12a,b. Sagittal reformations of multislice CT datasets: old insuffi ciency fractures. a Old grade III biconcave fracture. 
b Old grade III wedge fracture. For both affected vertebrae cancellous bone structure is similar to that of neighbouring 
vertebral bodies

a b
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Fig. 10.13a–c. Sagittal reformations of multislice CT data-
sets: acute insuffi ciency fractures. (a) Acute grade III wedge 
fracture. (b) Acute grade III biconcave fracture. (b) Acute 
grade II wedge fracture. (c) Acute grade II wedge fractures. 
Acute fractures show cortical disruptions and impaction 
lines

a

b

c

Fig. 10.14. Sagittal reformation of a multislice CT datasets: 
subacute insuffi ciency fracture. Sclerosis near the deformed 
upper endplate indicates fracture healing

10.5.3 

Kyphosis and Scoliosis

Multiple vertebral fractures, particularly at the tho-
racic spine, can result in severe postural deformity 
due to kyphosis and/or scoliosis. Spinal deformity is 
associated with decreased mobility and diminished 
function, especially concerning mobility tasks, like 
walking, reaching and performing heavy housework 
(Ryan and Fried 1997). Reduced spinal mobility has 
a strong negative effect on quality of life ( Miyakoshi 
et al. 2003).

In addition, kyphosis due to osteoporotic frac-
tures is associated with diminished pulmonary 
function, dyspnoea and ventilatory dysfunction of a 
restrictive and obstructive type (Di Bari et al. 2004). 
Reduction of pulmonary function is correlated sig-
nifi cantly with clinical and radiological measures of 
severity of spinal deformation due to osteoporotic 
fractures (Schlaich et al. 1998). As possible causes 
of pulmonary dysfunction Culham et al. (1994) 
mention reduced lung volumes and impaired rib 
mobility due to thoracic kyphosis.
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10.6 
Treatment of Osteoporosis and Treatment 
Monitoring

10.6.1 

Medical Treatment

Early recognition and medical treatment of oste-
oporosis is important, since effective treatment can 
reduce future fracture risk. Calcium and vitamin D 
in combination is the accepted baseline treatment 
for osteoporosis and is also used as a preventive 
measure (Akesson 2003), particularly because of 
the low cost of this treatment.

Several additional, more expensive drugs are com-
mercially available, of which the bisphosphonates 
(risedronate and alendronate) are most effective in 
reducing the risk of vertebral and non-vertebral frac-
tures. Risedronate has been shown to reduce fracture 
risk within 1 year in postmenopausal women with os-
teoporosis and in patients with glucocorticoid-induced 
osteoporosis. Hormone therapy reduces fracture risk, 
but the benefi ts may not outweigh the reported risks. 
Teriparatide, a recombinant human parathyroid hor-
mone, reduces the risk of new fractures and is indi-
cated for use in patients with severe osteoporosis. 
Raloxifene has been shown to lower the incidence of 
vertebral fractures in women with osteoporosis. Calci-
tonin is reserved for use in patients who cannot tolerate 
bisphosphonates or hormone therapy (Zizic 2004).

10.6.2 

Treatment Monitoring

DEXA is a good method of measuring changes in 
BMD if performed at 1- to 2-year time intervals. It 
can be used for determining when therapy is indi-
cated, and if an agent is therapeutically effective or 
not (i.e., when bone loss occurs despite treatment). 
The preferred anatomic site for monitoring is the PA 
spine. The total hip can be used when the spine study 
is technically invalid (Lenchik et al. 2002). 

10.6.3 

Surgical and Radiological Treatment

In cases of complicated osteoporosis surgical or 
radiological treatment (spondylodesis, decompres-
sion, vertebroplasty) might be justifi ed. 
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11.1 
Introduction

11.1.1 

The Term “Whiplash”

Crowe (1928) fi rst introduced the term “whiplash” 
to describe the manner in which the head is moved 
suddenly to produce a neck sprain. Gay and Abbot 
(1953) used it fi rst in a medical journal. Since then, 
more than 10,000 papers have been published, and 
still there is a great focus on whiplash in the medi-
cal literature as well as in the newspapers. Whiplash 
presently has a much wider usage than only to de-
scribe an injury mechanism. It is used to describe 
the injury itself – whiplash injury; to describe the 
clinical manifestations of the injury – whiplash 
symptoms or syndrome; and even to name patients 
– whiplash patients.

11.1.2 

Defi nition and Incidence

Soft tissue injuries of the cervical spine have been 
described by terms such as neck sprain, neck 
strain, neck distortion, neck soft tissue injury, 
and acceleration–deceleration injury (Lovell and 
Galasko 2002). A review of the whiplash literature 
shows that there is a striking heterogeneity con-
cerning results and conclusions drawn from dif-
ferent studies ( Schrader et al. 1996; Bunketorp 
et al. 2002). Among the  reasons for this could be 
different  patient selection and inconsistent defi ni-
tions of the condition. To obtain a common under-
standing of the whiplash injury, a summit was held 
in Quebec, Canada, namely the Quebec Task Force, 
which introduced whiplash-associated disorders 
(WAD) as a convenient term because the symp-
toms are not always confi ned to the neck (Spitzer 
et al. 1995). The Task Force defi ned the whiplash 
injury as  follows:

J. Kråkenes, MD, PhD
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Whiplash is an acceleration–deceleration mech-
anism of energy transfer to the neck that may 
result in bony or soft tissue injuries, which in 
turn may lead to a variety of clinical manifesta-
tions known as whiplash-associated disorders 
(WAD).

Whiplash can result from rear-end vehicle col-
lisions but is also seen in side-impact and front-
impact collisions, and can also occur in other 
mishaps.

Whiplash-type neck distortions are quite com-
mon, with an annual incidence between 1 and 4 
per 1000 inhabitants.

Rear-impact collisions result in complex bipha-
sic kinematics of the cervical spine.

WAD is a clinical diagnosis. The main symp-
toms include:

Neck pain, immediately or within 24 h after 
trauma is the cardinal manifestation.

Neck stiffness

Headache

Dizziness, vertigo, auditory symptoms, visual 
disturbances

Concentration and memory problems

Psychological problems

�

�

�

�

�

�

�

�

�

�

�

Imaging

Plain fi lm
To exclude fractures, adds little to the diag-
nosis
10% of patients with normal initial plain 
fi lms develop new degenerative changes. 
Degenerative changes are more frequent and 
pre-existing spondylosis is associated with 
an increased risk for chronic complaints

CT
Initial work-up of severely traumatized pa-
tients
Rotatory instability: asymmetrical pathologi-
cal increased rotation at C0–C1 and/or C1/C2 
in up to 36% of patients after whiplash injury

MRI
Disc herniations
Ligamentous lesions at the craniovertebral 
junction, especially the alar ligaments and 
transverse ligament

Post-mortem studies

Facet joint, yellow ligament, uncovertebral 
and, to a lesser extent, disc lesions/endplate 
lesions

Dorsal root ganglion lesions

Craniovertebral ligament lesions

�

�
–

–

�
–

–

�
–
–

�

�

�

�

“Whiplash is an acceleration–deceleration mech-
anism of energy transfer to the neck. It can result 
from rear-end or side-impact motor vehicle colli-
sions, but can also occur during diving or other mis-
haps. The impact may result in bony or soft tissue 
injuries (whiplash injury), which in turn may lead to 
a variety of clinical manifestations (Whiplash-Asso-
ciated Disorders–WAD)”.

Approximately 30% of all traffi c accidents are 
whiplash-type neck distortions, and the frequency 
of such injuries has increased signifi cantly over the 
past two decades (Galasko et al. 1993; Richter et 
al. 2000). An American estimate from the year 2000 
indicates an incidence of approximately 900,000 
such injuries annually, which is approximately 3 
per 1000 inhabitants (Quinlan et al. 2004). Other 
authors report an annual incidence of 1–4 per 1000 
inhabitants (Barnsley et al 1994; Herrstrom et al 
2000; Sterner et al. 2003).

11.1.3 

Injury Mechanism

Whiplash injuries are traditionally associated with 
rear-end impacts. Several biomechanical studies 
have been performed to understand why rear-end 
collisions are less tolerable than other impact types. 
Croft et al. (2002) showed that rear-impact crashes 
resulted in biphasic, complex kinematics compared 
with the monophasic, less complex frontal crashes. 
Externally, the head and neck do not exceed nor-
mal physiological limits; however, the cervical spine 
undergoes a sigmoid deformation very early after 
impact. During this deformation, lower cervical seg-
ments undergo posterior rotation around an abnor-
mally high axis of rotation, resulting in abnormal 
separation of the anterior elements of the cervical 
spine, and impaction of the zygapophysial joints 
(Bogduk and Yoganandan 2001). Head linear ac-
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celeration can be three times greater in rear-end 
than in frontal crashes; however, several authors 
have also reported a classical whiplash syndrome 
after lateral and frontal impacts as well. The set of 
symptoms in these trauma types is indistinguishable 
from those of rear-end impacts (Minton et al. 2000; 
Jakobsson et al 2004). Although whiplash injuries 
may be more likely to occur in rear-end than in 
frontal collisions, there is no doubt that frontal colli-
sions are also responsible for a considerable number 
of lesions (Kullgren et al. 2000). Furthermore, the 
defi nition of whiplash injuries, as proposed by the 
Quebec Task Force, recognises that these injuries are 
not exclusively caused by traffi c accidents. Whiplash-
like syndromes can be seen after a variety of injury 
mechanisms such as falls, violence, or other types of 
head/neck distortion.

11.2 
Clinical Diagnosis

11.2.1 

Symptoms

The diagnosis of WAD remains clinical. No imag-
ing, physiological, or psychological study can provide 
specifi c diagnostic criteria. Neck pain is the cardinal 
manifestation of a whiplash injury (Hildingsson and 
Toolanen 1990). The pain can appear immediately 
or usually within 24 h after trauma. It is typically 
located over the back of the neck, and may radiate 
to the head, shoulders, arm or interscapular region 
(Ronnen et al. 1996). The pain frequently shows 
exacerbation on movement, and is typically associ-
ated with neck stiffness (Kasch et al. 2001). Besides 
neck pain, headache is the most frequent complaint. 
Usually it is located in the occipital or suboccipital 
region, and radiates toward the orbital and temporal 
region (Maimaris et al. 1988). The headache may 
be tension-like, migraine-like, cervicogenic or un-
specifi c (Radanov et al. 2001). Dizziness, often in 
combination with vertigo or auditory symptoms, 
is also frequently reported (Tjell and Rosenhall 
1998; Tjell et al. 1999). Visual disturbances, espe-
cially reading diffi culties, are sometimes reported. 
Accommodation errors and diverging eye move-
ments are found in these patients (Gimse et al. 1997; 
Wenngren et al. 2002). Oculomotor dysfunction af-
ter neck trauma might be related to cervical afferent 

input disturbances (Heikkila and Wenngren 1998). 
Concentration and memory problems are frequent 
complaints. The etiology of these symptoms is con-
troversial (Di Stefano and Radanov 1995; Kessels 
et al. 2000). Weakness may have a myotomal distribu-
tion, but far more common is a subjective sensation of 
fatigue and heaviness in the upper limbs without any 
clinical fi ndings ( Berglund et al. 2001; Hartling 
et al. 2002). Paresthesia, sensation of numbness and 
tingling in the arms or hands is common (Ronnen 
et al. 1996). These symptoms could be attributed to 
nerve root compression or a direct lesion of the root 
ganglia (Taylor et al. 1998). Many series report psy-
chological symptoms in whiplash patients (Mayou et 
al. 1993; Sterling al. 2003). The relationship between 
such symptoms and the whiplash injury is disputed 
(see section 11.2.3). Other symptoms occasionally re-
ported are dysphagia and temporomandibular pain.

11.2.2 

Injury Grading

Norris and Watt introduced for the fi rst time a grad-
ing system of whiplash injuries based upon symptoms 
and physical signs (Norris and Watt 1983). The Que-
bec Task Force classifi cation used presently is based 
on their work, together with the work of Hirsch et al. 
(1988). Only neck complaints, musculoskeletal signs 
and neurological signs are considered in this grad-
ing system (Spitzer et al. 1995). Other symptoms 
and disorders, such as headache, dizziness, memory 
loss, tinnitus, deafness, visual disorders and joint 
pain, can manifest in all grades. In clinical practice 
a whiplash injury typically is confi ned to grades 1–3 
(Table 11.1). A more precise grading system should 
provide a more reliable basis for prognosis.

Table 11.1. Clinical grading of whiplash injuries according 
to the Quebec Task Force of whiplash-associated disorders

Grade Symptoms and signs

0 No complaint about the neck. No physical sign(s)

1 Neck complaint of pain, stiffness, or tenderness 
only. No physical sign(s)

2 Neck complaint and musculoskeletal sign(s)a

3 Neck complaint and neurological sign(s)b

4 Neck complaint and fracture or dislocation

a Signs include decreased range of motion and point tenderness
b Signs include decreased or absent deep tendon refl exes, 
weakness, and sensory defi cits
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11.2.3 

Outcome

The whiplash injury has been one of the more fre-
quently disputed conditions in the medical literature 
in recent decades (Jaspers 1998; Freeman et al. 1999; 
Ferrari and Schrader 2001; Kwan and Friel 2003). 
Although there is no doubt that WAD occurs, it is its 
chronicity that has been questioned. Most authors 
who have studied the natural history of whiplash 
patients have found that between 24 and 70% have 
long-term symptoms, whereas 12–16% are severely 
impaired many years after the accident (Radanov et 
al. 1994; Borchgrevink et al. 1996; Bunketorp et al. 
2002; Squires et al. 1996). Some investigators report a 
lower frequency of chronic impairment (Drottning 
et al. 2002; Miettinen et al. 2002), probably due to 
different inclusion criteria and perhaps also different 
thresholds for registration of pain and impairment. A 
gradual recovery is reported for the fi rst years after 
the accident. Parmar and Raymackers (1993) in-
vestigated 100 WAD patients who had originally been 
seen for medicolegal reports. Fifty percent of patients 
had signifi cant pain at 8 months, 44% at 1 year, 22% 
at 2 years, and 18% at 3 years. At the fi nal review after 
8 years, 14% still had signifi cant pain.

The validity of the whiplash syndrome is a key is-
sue in litigation cases. Some authors conclude that in 
countries with low insurance coverage for car drivers 
and little awareness of potentially disabling conse-
quences of the whiplash injury in the general popu-
lation, neck injuries cause only moderate symptoms 
and for a brief period only (Schrader et al. 1996). 
To explain geographic variability some authors 
have proposed a biopsychosocial model of whiplash 
( Ferrari and Schrader 2001). Several authors have 
examined the relationship between premorbid per-
sonality traits and outcome after neck sprain. Psy-
chological functioning did not differ signifi cantly 
between the group with complaints compared with 
the group without complaints (Radanov et al. 1994; 
Turner et al. 2003; Versteegen et al. 2003); others 
conclude that psychiatric morbidity may be a risk 
factor for chronic symptoms after a whiplash injury 
(Joslin et al. 2004; Kivioja et al. 2004). Although 
psychological factors may play a role, there is no 
doubt that the chronic whiplash syndrome is real. In 
all studies a part of the patient is left with signifi cant 
disability that interferes with their job and everyday 
activities. Most studies show that WAD is not neces-
sarily a benign condition, whatever the cause of the 
residual symptoms may be.

11.3 
Imaging in Whiplash Injury

The role of imaging in the work-up of whiplash inju-
ries is under evaluation (Van Goethem et al 1996). 
Several studies conclude that routine spine imaging 
in blunt head and neck trauma is unnecessary for 
patients who are fully orientated and co-operative, 
non-intoxicated, exhibit no neurological defi cits and 
who do not have neck pain or tenderness by palpa-
tion (Ersoy et al. 1995; Edwards et al. 2001).

11.3.1 

Plain Radiography

Traditionally, X-ray examination of the neck with 
or without fl exion and extension views is widely 
used in the acute work-up of neck injuries. The 
value of fl exion and extension views after whip-
lash trauma has been evaluated in several reports. 
Dvorak et al. (1993) found slight hypermobility 
in the upper and middle cervical levels in the late 
stage of WAD compared with a healthy popula-
tion. Griffi ths et al. (1995) showed localised an-
gulation greater than 10  and fanning greater than 
12 mm between spinous processes in the follow-
up of whiplash injured compared with uninjured 
individuals. They concluded that fl exion and ex-
tension views are essential in the distinction of 
whiplash injuries from other ligamentous injuries. 
Ovadia et al. (2002) evaluated long-term fi ndings 
32 months post-trauma in 860 WAD patients. Ten 
percent of the patients with normal radiographic 
fi ndings in the acute stage developed new degener-
ative changes at follow-up. Watkinson et al (1991) 
showed that degenerative changes of the cervical 
spine were present in 68% of whiplash-injured pa-
tients, of whom 87% were symptomatic. Of those 
with normal radiographs, 80% were symptom free. 
Degenerative changes occurred signifi cantly more 
frequently in patients who had sustained soft tissue 
injuries than in a control population. Several stud-
ies show that pre-existing spondylosis is associated 
with increased risk of late chronic impairment in 
whiplash patients, probably due to increased neck 
stiffness (Radanov et al. 1994; Borchgrevink et 
al. 1995). Even though statistical differences be-
tween whiplash patients and controls are shown, 
plain radiography adds little to the diagnosis in the 
individual patient, except for excluding fractures.
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11.3.2 

Scintigraphy

One study evaluated scintigraphy after whiplash 
trauma. It included 35 patients with a whiplash injury 
and found a normal scintigraphy in 31 of the patients, 
whereas 4 patients had either a focal or multifocal 
increase in activity. Plain radiography revealed skel-
etal changes secondary to spondylosis in 3 of these 
patients and a localised bony spur with avulsion in 
1 patient. The authors concluded that scintigraphy 
gave no new and signifi cant information and is not 
indicated for screening purposes in whiplash-injured 
patients (Hildingsson et al. 1989).

11.3.3 

Computed Tomography

Computed tomography (CT) has become the modal-
ity of choice in evaluating neck injuries in severely 
traumatised patients, and is superior to plain radio-
graphy (Barba et al. 2001; Griffen et al. 2003). In 
hyperextension–hyperfl exion injuries CT has been 
used to estimate range of rotation in the cranioverte-
bral junction. Mainly the alar ligaments (Dvorak et 
al. 1987a) restrict axial rotation in the upper cervical 
spine. Increased rotation towards one side is taken as a 
sign of insuffi ciency of the opposite side alar ligament. 
In a study of 43 patients with clinically suspected ro-
tatory instability after traffi c accidents, 26 showed 
increased rotation at C0–C1 and at C1–C2, strongly 
suggesting alar ligament insuffi ciency (Dvorak et 
al. 1987b). The same authors obtained functional CT 
of 35 healthy adults and 137 whiplash-injured indi-
viduals with therapy-resistant neck pain. A rotation at 
C0–C1 of more than 7 , and at C1–C2 more than 54 , 
was regarded as pathological. Thirty-three percent of 
the whiplash group showed signs of increased rota-
tion between these segments (Dvorak et al. 1988a). 
 Antinnes et al. (1994) examined 423 whiplash pa-
tients to determine the diagnostic value of functional 
rotatory CT in cervical soft tissue injury. They found 
that asymmetric rotation reached pathological val-
ues in 36% of this whiplash population at the level of 
C0–C1. A higher percentage of pathological values for 
hypermobile rotation was found at the level of C0–C1 
than at C1–C2. The authors postulate that alar liga-
ment lesions cause such instability, and conclude that 
their fi ndings legitimate the use of functional CT in 
the evaluation of soft tissue damage of the upper cervi-
cal spine in whiplash injury; however, other authors 

have not been able to reproduce their fi ndings (Patijn 
et al. 2001). The reason could be that functional CT is 
diffi cult to standardise. The method depends on the 
patient’s ability to relax, which is diffi cult because 
rotation of the head beyond its normal range causes 
pain and dizziness. In general, except for excluding 
fractures and/or dislocations in severe injuries, CT is 
not accepted as a reliable diagnostic tool in WAD.

11.3.4 

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) has become an 
important supplement to conventional radiogra-
phy and CT for the detection of a wide spectrum 
of cervical injuries, especially disk herniation, disk 
degeneration, ligament disruption and cord injury 
(D’Alise et al. 1999). Several authors have evaluated 
the benefi t of MRI in hyperextension–hyperfl exion 
neck injuries. Davis et al. (1991) found two of nine 
patients with disk separation from the vertebral 
endplate, still evident as late as 9 months after in-
jury. The authors state “that these MR changes are 
likely to be seen among severe whiplash injuries, 
representing a small minority of such injuries”.

In a prospective study of 39 patients, Pettersson 
et al. (1997) found 25% of patients with persistent 
disc herniation over a 2-year follow-up period. There 
was no correlation between clinical signs/symptoms 
and MR fi ndings. No ligament injuries were diag-
nosed. Jonsson et al. (1994) demonstrated that 20% 
of whiplash patients had severe disc herniations that 
correlated with radicular symptoms. Surgically, these 
discoligamentous lesions were confi rmed as “fresh” 
disc herniations. Discectomy and fusion alleviated 
pain in these patients, whereas symptoms largely per-
sisted in the conservatively treated patients. Another 
study also demonstrated disc herniations and carti-
laginous endplate injuries in whiplash patients (Davis 
et al. 1991). Bonucelli et al. (1999) showed that whip-
lash patients with spondylosis ended up with worse 
clinical state than those without such changes, even 
though the spondylosis was not caused by the neck 
injury. Ronnen et al. (1996) examined 100 patients 
within 3 weeks after a whiplash trauma; only one 
had prevertebral edema related to the trauma. In 17 
patients, functional images showed a kyphotic angle 
but no evidence of soft tissue lesions. They concluded 
that there is no role for MR imaging in the routine 
work-up of patients with acute whiplash injury who 
have normal X-ray examination and no evidence of a 
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neurological defi cit. Other authors share this opinion 
(Borchgrevink et al. 1995). Image parameters used 
in these studies were sagittal T1 and T2, short echo 
time inversion recovery (STIR), and axial T1 or T2. 
Slice thickness was 3–5 mm.

Several investigators have studied the alar liga-
ments. Willauschus et al. (1995) conducted MR 
studies of eight healthy volunteers and seven patients 
with chronic upper neck injury, in whom manual ex-
amination suggested craniovertebral instability. The 
MR fi ndings in the patient group were identical to 
those in the volunteers. Wilmink and Patijn (2001) 
examined the alar ligaments in 12 patients with 
chronic whiplash syndrome and six controls. The lig-
aments could be identifi ed in all cases, but they con-
cluded that with the MRI technique employed, alar 
ligament damage, as a causative factor in WAD, could 
not be proven. To diagnose instability in the cranio-
vertebral junction, Volle and Montazem (2001, 
2003) performed functional MR studies with tilting of 
the upper cervical spine to the right and to the left in 
small steps, and then axial rotation to the right and to 
the left, also in small steps. The images were studied 
in a video loop to evaluate functional disturbances 
regarding lateral bending and rotation. They stud-
ied a population of 420 patients and found complete 
alar ligament rupture in 4.8% and partial rupture in 
12.4%, all accompanied by instability. Based on their 
fi ndings, craniocervical fi xation was undertaken in 
42 patients (10%), and almost all symptoms reported-
ly disappeared 5 days after surgery; however, rupture 
criteria or criteria for instability were imprecisely de-
scribed, and they had no control group.

Looking for structural alterations in normal alar 
ligaments, Pfi rrmann et al. (2001) studied 50 as-
ymptomatic individuals. Their MRI protocol includ-
ed T1- and T2-weighted coronal and axial sections 
with a slice thickness of 3–4 mm. Only 80% of the 
alar ligaments could be visualised, and they found 
asymmetric high signal intensity in the majority of 
cases. Since such alterations frequently were found 
in a non-injured population, they concluded that the 
clinical relevance of structural alterations in these 
ligaments is limited. These authors also examined 
segmental motion in the upper cervical spine in the 
same 50 asymptomatic individuals. They found a 
wide variation in rotation, and concluded that mea-
surements of segmental rotation are unsuitable in 
the diagnosis of soft tissue lesions after whiplash in-
jury (Pfi rrmann et al. 2000). (The author’s own MR 
studies of the craniovertebral junction are presented 
in section 11.6.)

11.4 
Structural Correlate to the Whiplash 
Syndrome

11.4.1 

Post-Mortem Studies

Several soft tissue structures are vulnerable in 
whiplash injuries. Dissecting 22 cervical spines 
from traffi c victims after craniocervical injuries, 
Jonsson et al. (1991) found 77 facet joint and liga-
mentum fl avum lesions, 77 uncovertebral, and 22 
disc lesions. In two adolescents, eight cartilaginous 
endplate avulsions of the discs were found.  Taylor 
et al. (1998) found 44 examples of interstitial haem-
orrhage into a dorsal root ganglion in 15 of 109 in-
dividuals who had died after blunt head trauma. 
This was sometimes accompanied by neural tissue 
disruption, visible only at histological examination. 
In a study of 16 subjects who died of major trauma 
these authors showed clefts in the cartilage end-
plates in six of them, blood in the annulus in ten 
discs, and hemarthrosis in 22 facet joints (Taylor 
and Finch 1993). Similar changes are yet to be dem-
onstrated in invivo examinations; however, there is 
reason to believe that the great forces involved in a 
car collision can strain several soft tissue structures 
in the cervical spine.

Post-mortem studies of fatal head/neck injuries 
document that craniovertebral ligaments are vulner-
able to trauma. Saternus and Thrun (1987) reported 
alar ligament lesions in 11 of a total of 30 such cases. 
Another post-mortem study of 21 non-dislocated 
head/neck injuries showed either laceration or sprain 
of the alar ligaments in 20 cases; 13 had injury of the 
dura mater and the tectorial membrane as well, either 
lacerations or loosening from the clivus or from the 
C2 body, one had total and one had partial laceration 
of the transverse ligament (Adams 1993).

11.4.2 

Clinical Studies

The facet joints, as an anatomical source of chronic 
pain after whiplash trauma, have been investigated 
in several reports (Lord et al. 1995; Barnsley et al. 
1995). The prevalence of such pain was studied in 68 
consecutive patients referred for chronic neck pain 
after whiplash in a placebo-controlled study with 
local anaesthetic blocks. The joints were blocked ei-
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ther with lignocaine (short-acting local anaesthetic) 
or bupivacaine (long-acting local anaesthetic) in a 
random order. A positive diagnosis of joint pain was 
made only if both blocks relieved the patient’s pain 
and bupivacaine provided longer relief. Among pa-
tients with headache, the prevalence of C2–C3 facet 
joint pain was 50%. Overall, the prevalence of cervi-
cal facet joint pain (C2–C3 or below) was 60% (Lord 
et al. 1996). The morphological correlate to such 
pain is not known.

Some study results suggest that whiplash injury 
causes structural changes predisposing to prema-
ture degenerative disc disease (Hamer et al. 1993). 
Many studies focus on a central neurological cause 
for chronic pain and complaints in whiplash-injured 
patients. Central hypersensitivity may explain exag-
gerated pain in the presence of minimal nociceptive 
input arising from minimally damaged tissues. This 
could account for pain and disability in the absence 
of objective signs of tissue damage in patients with 
whiplash. Central hypersensitivity may provide a 
common neurobiological framework for the inte-
gration of peripheral and supraspinal mechanisms 
in the pathophysiology of chronic pain after whip-
lash (Curatolo et al. 2004). Other authors state that 
chronic post-traumatic neck and head pain is rarely 
either organic or psychogenic. Instead, physiologi-
cal, social, and cultural factors play major roles in 
modulating pain and either perpetuate or amelio-
rate these chronic pain conditions (Solomon 2005).

Both SPECT and PET studies have shown pari-
eto-occipital hypometabolism in the late whiplash 
syndrome, maybe caused by activation of nocicep-
tive afferences from the upper cervical spine. These 
tests could be used in the objective proof of post-
traumatic symptoms (Otte 2001).

11.4.3 

Whiplash Simulation Models

Biomechanical studies have determined that after 
rear-impact, C6 is rotated back into extension before 
movement of the upper cervical vertebrae; thus, the 
lower cervical vertebrae were in extension while the 
upper vertebrae were in a position of relative fl ex-
ion, producing an S shape in the cervical spine. It is 
believed that this abnormal motion pattern might 
play a role in the development of whiplash injuries. 
During this motion, at approximately 100 ms after 
impact, the lower cervical vertebrae undergo exten-
sion but without translation. This motion causes the 

vertebral bodies to separate anteriorly and the zyg-
apophysial joints to impact posteriorly. The lesions 
likely to result from such motion are tears of the 
anterior anulus fi brosus and fractures or contusions 
of the zygapophysial joints (Bogduk and Teasell 
2000).

Panjabi et al (2004) noted exceeding of sagit-
tal physiological levels during simulated whiplash. 
Peak disc shear strain was greatest at the posterior 
region of C5–C6. They concluded that the cervical 
intervertebral discs may be at risk for injury dur-
ing whiplash because of excessive fi ber strain, disc 
shear strain, and anterior axial deformation. The 
same group also described facet joint compression 
especially at C4–C5. In general, peak facet joint 
sliding and capsular ligament strains were largest 
in the lower cervical spine and increased with im-
pact acceleration. They concluded that facet joint 
components may be at risk for injury due to facet 
joint compression during rear-impact accelerations. 
Capsular ligaments are at risk for injury at higher 
accelerations (Pearson et al. 2004).

Other simulations showed that abnormal curva-
tures (straight or kyphotic) of the cervical column 
affect spinal kinematics during whiplash loading 
and enhance the likelihood of whiplash injury and 
may have long-term clinical and biomechanical im-
plications (Stemper et al. 2005)

11.5 
Anatomy of the Craniovertebral 
Articulation

11.5.1 

Joints

The craniovertebral junction is a three-unit articu-
lation (C0–C2) with six separate joints. The atlan-
to-occipital joint consists of two crescent-shaped, 
reciprocally curved surfaces, one on each occipital 
condyle and the other on the lateral masses of the 
atlas. The atlantal facets are concave and tilted me-
dially.

The atlanto-axial joints comprise a lateral and a 
median articulation. The lateral articulations con-
sist of the inferior facets of the atlas and the superior 
facets of the axis. Both the superior and the inferior 
surfaces are slightly convex and they are tilted later-
ally. The median joint consists of a pivot articulation 
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with the dens axis rotating in the anterior atlantal 
ring, which is formed by the anterior atlantal arch 
and the transverse ligament. The facets of the medi-
an articulation are (a) the anterior facet of the dens 
and the fovea dentis on the anterior arch, and (b) the 
transverse ligament and the posterior dens surface.

11.5.2 

Ligaments

The apical ligament of the dens axis extends from 
the tip of the dens to the basion. It is rudimentary 
and regarded to be of little signifi cance.

The transverse ligament of the atlas is a fl attened 
band crossing the anterior atlantal ring that acts as 
a sling holding the dens against the anterior atlantal 
arch. It is stabilised by two longitudinal bands, one 
upward extension to the basion, and one downward 
extension to the base of the axis. The transverse liga-
ment together with these two bands forms the cruci-
form ligament of the atlas (Fig. 11.1).

The alar ligaments are paired rounded cords, 
which arise on the upper posterior part of the dens 
axis. They are inserted into the fovea on the medial 
side of the condyles of the occipital bone. From the 
posterior tip of the dens they pass laterally, slightly 
upwards and backwards (Fig. 11.1).

The tectorial membrane is a broad, strong band 
that covers the dens axis and its ligaments posteri-

Fig. 11.1. Posterior view of the transverse ligament (tl) with 
its upward extension (ue) and downward extension (de) con-
stituting the cruciform ligament. The alar ligaments (al) are 
partially covered by the cruciform ligament (From Platzer 
1986)

orly, and appears to be a prolongation upwards of 
the posterior longitudinal ligament of the vertebral 
column. It is fi xed, below to the posterior surface of 
the axis body, and expanding as it ascends, it is at-
tached to the basilar groove of the occipital bone in 
front of the foramen magnum. Its anterior surface 
is in contact with the transverse and the alar liga-
ments, and its posterior surface blends with the dura 
mater of the upper spinal canal (Fig. 11.2).

The anterior atlanto-occipital membrane is com-
posed of densely woven fi bres, that stretch between 
the anterior margin of the foramen magnum above, 
and the upper border of the anterior arch of the atlas 
below (Fig. 11.2).

The anterior atlanto-axial ligament is a strong 
membrane, fi xed above to the lower border of the 
anterior arch and below to the front of the axis body. 
It is strengthened in the midline by a rounded cord, 
which connects the tubercle on the anterior atlan-
tal arch of the atlas to the body of the axis, and is 
a continuation upward of the anterior longitudinal 
ligament (Fig. 11.2).

The posterior atlanto-occipital membrane repre-
sents the continuation of the fl avum ligaments of the 
posterior spinal canal. It is connected above to the 
posterior margin of the foramen magnum and below 
to the upper border of the posterior arch of the atlas. 
Either side of this membrane has an opening for the 
entrance of the vertebral artery and the exit of the 
suboccipital nerve. The membrane is in front inti-
mately adherent to the dura mater of the vertebral 
canal (Fig. 11.2).

The posterior atlanto-axial membrane is a broad, 
thin and elastic membrane that passes from the 
lower border of the posterior arch of the atlas to the 
upper edges of the lamina of the axis (Fig. 11.2).

The nuchal ligament extends from the external 
occipital protuberance to the spinous process of the 
seventh cervical vertebra. In man it is merely the 
rudiment of an elastic ligament which, in some of 
the lower animals, serves to sustain the weight of the 
head.

11.5.3 

Functional Anatomy

The occipito-atlanto-axial articulation is the most 
complex joint in the axial skeleton, both anatomi-
cally and kinematically. The atlanto-occipital joints 
are cup-shaped both in the coronal and in the sag-
ittal planes. The atlanto-axial joint, however, has a 



  Whiplash Injuries 265

convex confi guration of both joint surfaces, superior 
and inferior, in the sagittal plane. This anatomic 
design allows large mobility. During fl exion–exten-
sion, the joints C0–C1 and C1–C2 participate equal-
ly. The total range of motion is approximately 25  
(Frobin et al. 2002). The craniovertebral rotation 
takes place mainly between C1 and C2. Previously, 
it was assumed that there is very little or no rota-
tion between the occiput and the atlas. Dvorak et 
al. (1987b) found an average axial rotation of C0–C1 
on CT of 4.3 , both to the right and to the left, and 
of C1–C2, of 41.5 . They concluded that a rotation 
at C0–C1 >8  and at C1–C2 >56  indicates hyper-
mobility. A right–left difference at C0–C1 >5  and 
at C1–C2 >8  indicates one-sided hypermobility. 
Other authors have found a mean rotation of only 
1  between C0 and C1 ( Penning and Wilmink 1987; 
Patijn et al. 2001).

The alar and transverse ligaments provide much 
of the stability of the healthy craniocervical junc-
tion. The alar ligaments restrain rotation (Dvorak 
1987a), whereas the transverse ligament restricts 
fl exion as well as anterior displacement of the atlas. 
The alar ligaments have an average in vitro strength 
of 200 N, and the transverse ligaments of 350 N. His-
tological analysis revealed a collagenous nature for 
both (Dvorak et al. 1988). In an anatomical study 

using fresh human cadaver spines, Harris et al. 
(1993) examined the instability after sequential 
incision of the craniovertebral membranes. Their 
study demonstrated the essential role of the tecto-
rial membrane in maintaining upper cervical spine 
stability, whereas the atlanto-occipital membranes 
played a minor role in the preservation of stability 
in fl exion–extension.

11.6 
High-Resolution MRI of the Craniovertebral 
Junction

11.6.1 

Imaging Protocol

Based on the hypothesis of craniovertebral hyper-
mobility after whiplash trauma (Dvorak et al. 
1987b), we developed an imaging protocol to visu-
alise ligaments and membranes in the upper cervical 
spine (Krakenes et al. 2001).

We obtained 2-mm-thick, interleaved, contiguous 
proton-density-weighted sections in three orthogo-
nal planes with the head in a neutral position, using a 
head coil. Axial sections covered the volume from the 
foramen magnum to the base of the dens (Fig. 11.3), 
coronal sections from the anterior arch of the atlas 
and halfway through the spinal canal (Fig. 11.4), and 
sagittal sections from the right to the left occipital 
condyle (Fig. 11.5). Repetition time/echo time (TR/
TE) was 2200/15 ms, matrix size 224×512 and fi eld of 
view (FOV) 127×203 mm for the axial and the coronal 
series, and TR/TE 2660/15, matrix size 322×512 and 
FOV 184×210 mm for the sagittal series. Echo-train 
length was seven, four signals were acquired, and re-
ceiver bandwidth was 130 Hz/pixel. We applied satu-
ration pulses superior and inferior to the axial and 
coronal slabs and for the sagittal series also, anterior 
to the slab. Pixel size was 0.57×0.40 mm in all three 
planes, and voxel size was 0.46 mm3.

11.6.2 

Study Population

Individuals sustaining a frontal or rear-end colli-
sion and diagnosed as having a WAD grade 2, were 
prospectively registered (Krakenes and Kaale 
2006). Neck radiographs with extension and fl exion 

Fig. 11.2. Mid-sagittal section of the upper cervical spine 
shows the tectorial membrane (arrowheads), the anterior at-
lanto-occipital membrane (long arrow), the anterior atlanto-
axial ligament (short arrow), the posterior atlanto-occipital 
membrane (double arrow), with the adjoining dura mater 
(small arrow), and the atlanto-axial membrane (double ar-
rowhead)
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Fig. 11.3. Sagittal image with locator lines for axial sections Fig. 11.4. Axial image with locator lines for coronal sec-
tions

Fig. 11.5. Coronal image with locator lines for sagittal sec-
tions

views in the acute phase were normal in all patients. 
All patients were re-evaluated 12–16 weeks after the 
injury, and only those who still met the criteria of 
WAD grade 2 at that time were included. One hun-
dred patients were invited to participate. All patients 
were interviewed prior to MRI to exclude those with 

a new neck injury occurring between the whiplash 
injury and the MRI. Those patients with other neck 
injuries of any kind were excluded; 92 patients, 33 
males and 59 females with a mean age of 40 years 
(age range 14–61 years) underwent MRI, 2–9 years 
(mean 6 years) after the whiplash injury, the only 
known injury in the study group (Krakenes and 
Kaale 2006).

Fifty individuals matched for age and gender 
with no history of head or neck trauma were invited 
as a control group; 12 did not respond and 8 did not 
show up on the examination day, ending up with 11 
men and 19 women, with a mean age of 46 years (age 
range 28–66 years), slightly older than the patient 
group (Krakenes et al. 2002, 2003a,b).

11.6.3 

Image Interpretation and Grading Criteria

The whiplash group and the control group were 
mixed in random order and images were read twice 
at 3-month intervals by three radiologists, blinded 
to all clinical information. Grading criteria were 
based on high signal intensity within the substance 
of the ligaments and the membranes. Normal liga-
ments show low signal intensity (Erickson 1997), 
whereas increased signal intensity is regarded as a 
sign of ligament injury (Chen et al. 2002; Nomura 
et al. 2002).
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For the alar ligaments we based our grading on 
the ratio between any high-signal part and the total 
cross-sectional area in sagittal sections as shown in 
Table 11.2 (Krakenes et al. 2002). A lesion should 
always be seen on coronal images as well. Axial im-
ages were of little importance. Normal ligaments 
showed low signal intensity both on coronal and sag-
ittal images (Fig. 11.6), whereas high signal intensity 
in a ligament was regarded as a trauma-induced le-

sion (Fig. 11.7). Alar ligament lesions could either be 
symmetrical or asymmetrical (Fig. 11.8).

Grading criteria for the transverse ligament were 
based on the same principles as those for the alar 
ligaments (Table 11.3; Krakenes 2003a). A nor-
mal transverse ligament is dark and well defi ned 
both in axial and coronal sections (Fig. 11.9). A le-
sion could be unilateral, usually near the atlantal 
tubercle (Fig. 11.10), or it could include the entire 

Table 11.2. Criteria for classifi cation of structural changes in the alar ligaments

Grade Criteria

0 Low signal intensity throughout the entire cross section

1 High signal intensity in one-third or less of cross section

2 High signal intensity in one-third to two-thirds of cross section

3 High signal intensity in two-thirds or more of cross section

Fig. 11.6a–c. Coronal image (a) with locator lines for sagittal 
view of right (b) and left (c) alar ligament (arrows). Normal 
ligaments show low signal intensity, appearing dark

Fig. 11.7a–c. Coronal image (a) with locator lines for sagit-
tal view of right (b) and left (c) alar ligament (arrows). Both 
ligaments show high signal intensity except for a dark lining 
in the periphery

a

b c

a

b c
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Fig. 11.8a–c. Coronal image (a) with locator lines for sagit-
tal view of right (b) and left (c) alar ligament (arrows). Both 
ligaments are wing shaped in cross section. On the right side 
there are spots of high signals, classifi ed as grade 2, whereas 
the left side has normal signal intensity

Fig. 11.9a–c. Axial image (a) of a normal transverse liga-
ment. Sagittal views near the insertion area (along the ar-
rows) show low signal intensity in cross-section area both 
on the right (b) and the left (c) side (arrows)

Table 11.3. Criteria for classifi cation of structural changes 
in the transverse ligament

Grade Criteria

0 Ligament with low signal intensity, appearing 
dark

1 High signal intensity in one-third or less of 
cross section, well-defi ned or slightly diffuse 
margins

2 High signal intensity in one-third to two-
thirds of cross section, with or without diffuse 
 margins

3 High signal intensity in two-thirds or more 
of cross section, usually with ill-defi ned 
margins

ligament (Fig. 11.11). A lesion should be seen in at 
least two imaging planes. Depending on the sharp-
ness of the ligament curve, the cross-sectional area 
was assessed either in coronal or sagittal sections. 
Decreased signal intensity in the anterior atlantal 
space, obscuring the ligament, was found both in the 
whiplash group and in the control group, regarded 
either as a normal variant or as degenerative chang-
es (Fig. 11.12).

The major challenge in grading these ligaments 
was intermediate signal increase: grey ligaments, of-
ten combined with increased thickness (Figs. 11.13, 
14). Ligaments with intermediate signal intensity did 
not fi t into our grading system. Such changes could 
be due to fi brous scarring (Farooki and Seeger 
1999).

a

b c

a

b c
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Fig. 11.10a–c. Axial image (a) of a transverse ligament with 
a right-side lesion. Sagittal views near the insertion area 
(along the arrows) show high signal intensity in cross-sec-
tional area on the right side (b; arrow) indicating a grade-3 
lesion, and low signal intensity on the left side (c; arrow)

Fig. 11.11a,b. Axial image (a) of a transverse ligament with 
generally increased signal intensity. Coronal view near the 
insertion area (along the arrows) show high signal intensity 
in cross-sectional area on both sides (b) indicating a grade-3 
lesion (arrows)

Fig. 11.12. Axial image of a transverse ligament coalesced 
with soft tissue in anterior atlantal space (asterisk), probably 
a normal variant

Fig. 11.13. Coronal image of thick alar ligaments with inter-
mediate signal intensity (arrowheads)

a

b c

a

b
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Fig. 11.14. Axial image of an apparently swollen transverse 
ligament with generally increased signal intensity (arrow-
heads)

Fig. 11.15. Sagittal image of normal tectorial- (arrow) and 
atlanto-occipital (arrowhead) membranes. Both membranes 
are fused with the dura mater

The tectorial- and the posterior atlanto-occipital 
membranes were evaluated on sagittal sections. The 
cranial part of the tectorial membrane, the segment 
between the dens and the clivus, is adherent to, and 
indistinguishable from, the dura. A normal mem-
brane/dura complex was seen as a dark band with a 
mean thickness of 1.4 mm (Fig. 11.15). A membrane/
dura complex with reduced thickness, similar to that 
of the dura alone, was regarded as a membrane rup-
ture. Such membrane defects could either involve 
a short portion (Fig. 11.16) or the entire segment 
(Fig. 11.17). Grading criteria were based on the frac-
tion of the total transverse width with such reduced 
thickness (Table 11.4).

The posterior atlanto-occipital membrane ei-
ther appeared as a dark band fused with the dura 
(Fig. 11.15), or it was separated from the dura by a 
connective tissue layer (Fig. 11.16). We based our 
grading of the membrane/dura complex on struc-
tural changes of the adjoined dura: dural hump 
(Fig. 11.18), thinning (Fig. 11.19), discontinuity, and/
or fl ap (Fig. 11.20). Dural hump and thinning were 
interpreted as an elongation of the dura and were 
regarded as signs of minor sprain, whereas discon-
tinuity or dural fl ap were regarded as rupture and 
thus as a more severe lesion. Grading criteria were 
based on the extent of these changes (Table 11.4; 
Krakenes 2003b).

Table 11.4. Criteria for classifi cation of structural changes 
in the tectorial and the posterior atlanto-occipital mem-
branes

Grades Criteria

Tectorial membrane

0 A membrane/dura complex thicker than the 
dura alone in all sagittal sections

1 Only dura left in less than one-third of trans-
verse width

2 Only dura left in one-third to two-thirds of 
transverse width

3 Only dura left in more than two-thirds of 
transverse width

Posterior atlanto-occipital membrane

0 Smooth and well-defi ned membrane/dura 
complex

1 Thinning, minor discontinuity or a dural 
hump in less than one-third of transverse 
width

2 Thinning, minor discontinuity or a dural 
hump affecting one-third to two-thirds of 
transverse width

3 Discontinuity with or without a dural fl ap in 
more than two-thirds of transverse width
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Fig. 11.16. Sagittal image of a tectorial membrane with a 
marked defect in the mid-part (arrow). The atlanto-occipi-
tal membrane and the dura mater are separated, which is a 
normal variant (arrowheads)

Fig. 11.17. Sagittal image of the tectorial membrane. Most of 
the segment between the dens and the clivus is absent; only 
the dura mater is shown (arrow)

Fig. 11.18. Sagittal image of an atlanto-occipital membrane 
with a dural hump (arrowhead)

Fig. 11.19. Sagittal image of an atlanto-occipital membrane 
with a thinning in the mid-part (between the arrowheads). 
Normal thickness above and below



272 J. Kråkenes

Table 11.5. Number of high-grade lesions (grades 2 and 3) in 92 individuals with a whiplash trauma and 30 controls

Grade Alar ligament
(n=158/56)a

Transverse ligament
(n=71/28)a

Posterior atlanto-occipital
membranes (n=88/26)a

Tectorial membrane
(n=77/23)a

2 29/0 19/3 9/1 19/3

3 23/0 5/0 11/0 12/0

Total 52/0 24/3 20/1 21/3

a Only cases in which at least two observers agreed on grading are included (number of WAD-patients/number of controls)

To reduce fl ow artefacts from the cerebrospinal 
fl uid, we used head–feet as phase-encoding direc-
tion. Due to chemical shift artefacts in the anteri-
or–posterior direction, these membranes decrease 
or increase in thickness depending on the polarity 
of the readout gradient. Chemical shift is the ma-
jor diffi culty in the evaluation of both these mem-
branes, and should be taken into consideration in 
the interpretation of both the tectorial- and the at-
lanto-occipital membranes.

11.6.4 

Observer Variation

Reliability of a diagnostic test generally means con-
sistency of the interpretation. We used the kappa 
statistic to measure the ability of different observers 
to classify the ligaments into one of several groups. 
Weighted kappa allows weighting for the magnitude 

or importance of individual discrepancies (Landis 
and Koch 1977). A one-step difference in grading 
does not necessarily mean real disagreement; there-
fore, we used weighted kappa, which may be more ap-
propriate than ordinary kappa in this kind of task.

In this study, the consistency in grading varied 
considerably, both between observers and for the 
different structures evaluated. Generally, we found 
better intraobserver- than interobserver agreement. 
Good agreement was obtained for the posterior at-
lanto-occipital membrane, and moderate to good 
agreement for the alar ligaments and for the tecto-
rial membrane. The least agreement was found for 
the transverse ligament.

11.6.5 

MRI Findings: Whiplash Group vs Control Group

The number of high-grade changes (2 and 3) in the 
whiplash group and in the control group is given in 
Table 11.5. Figures are based on agreement in grad-
ing between at least two observers. Ligaments grad-
ed differently by all observers are excluded (13.6% of 
all). In the whiplash group we found 117 high-grade 
changes among 394 ligaments/membranes evalu-
ated (29.7%). Only seven grade-2 changes, and no 
grade-3 changes, were found among 133 ligaments/
membranes in the control group (5.3%).

11.6.6 

Neck Disability and MRI Findings

Ninety-two WAD patients and 30 control persons 
completed the neck disability index (NDI) score, a 
modifi cation of the Oswestry Low Back Pain Index, 
comprising ten items related to activity of daily liv-
ing. The score refl ected either degree of neck pain 
or diffi culties performing certain activities due to 
neck pain (Kaale et al. 2005a).

Fig. 11.20. Sagittal image of an atlanto-occipital membrane 
with dural fl ap indicating a rupture (arrowhead)
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We found a signifi cantly higher NDI score in the 
WAD group than in the control group, particularly 
for neck pain, reading abilities, concentration, car 
driving, and general activity level. In the WAD 
group NDI increased signifi cantly with increasing 
MRI grading of the alar ligaments (p=0.002). Dis-
ability tended to increase with increasing MRI grad-
ing for the transverse ligament as well (p=0.059). No 
consistent pattern was found for the membranes.

Lesions in the alar ligaments only were associ-
ated with a higher score than lesions in the trans-
verse ligament only. Lesions in the atlanto-occipital 
membrane showed only the same score as those with 
abnormal alar ligaments. Analysis with mutual ad-
justment for all four structures showed that abnor-
mal alar ligaments were the strongest predictor for 
severity of symptoms. Finally, we found a highly sig-
nifi cant increase in NDI score with increasing num-
ber of high-grade lesions (p=0.003).

11.6.7 

Injury Mechanism and MRI Findings

Fifty-four of the 92 WAD patients sustained a frontal 
collision and 38 a rear-end collision, 45 had neutral 
head position and 47 had rotated head position at the 
moment of impact (Kaale et al. 2005b).

We found a signifi cantly higher frequency of 
high-grade (2 and 3) alar ligament lesions among 
those with rotated head position at the moment of 
collision (61.7%) than among those with neutral 
head position (4.4%; p<0.001). The association be-
tween rotated head position and high-grade lesions 
was more pronounced after rear-end collision than 
after frontal collision (93.8 vs 31.8%; p<0.001). Also 
for the transverse ligament we found signifi cantly 
more high-grade lesions among those with rotated 
head position than among those with neutral head 
position (p=0.040).

High-grade MRI fi ndings in the transverse liga-
ment and in the atlanto-occipital membrane were 
signifi cantly more common in frontal collision than 
in rear-end collision (p<0.001). There was no such 
difference for the alar ligaments or the tectorial 
membrane.

Our study confi rms the hypothesis that the alar 
ligaments are vulnerable to neck trauma, in par-
ticular when the head is rotated at the moment of 
impact (Dvorak 1987a). The transverse ligament 
and the atlanto-occipital membrane, which restrict 
anterior translation and hyperfl exion of the head/

neck, are more vulnerable in frontal than in rear-
end collision.

11.7 
Conclusion

Whiplash-associated disorders account for a large 
proportion of the overall impairment and disability 
caused by traffi c injuries or even trauma in general. 
Many theories regarding the etiology of WAD exist, 
and several trauma mechanisms, possibly causing 
different injuries, have been described. Imaging 
only rarely demonstrates a defi nite injury in the 
acute (or chronic) phase. Primary disc lesions and/
or secondary accelerated disc degeneration and/or 
lesions to the craniovertebral ligaments may cause 
WAD and can be detected on high-resolution MRI 
studies (Fig. 11.21).

Variables such as pain intensity, restricted mo-
tion, neurological symptoms and signs, together 
with central nervous system symptoms can predict 
an increased risk of chronic complaints. Persistent/
chronic pain is not merely acute pain that persists 
over time; changes occur at different levels of the 
pain transmission system. Chronic WAD is associ-
ated with problems concerning social functioning, 
daily anxieties and dissatisfaction with different as-
pects of life. Early multidisciplinary rehabilitation 
focusing on cognitive–behavioural changes might 
be of value. To develop specifi c treatment and reha-
bilitation, it is important to identify homogeneous 
subgroups (Sterner and Gerdle 2004).

The proposed MR protocol allows a detailed as-
sessment of the craniovertebral articulation. We 
have shown that whiplash injuries cause substan-
tial signal changes in craniovertebral ligaments and 
membranes. Such lesions, especially in the alar- and 
transverse ligament, are associated with pain and 
disability. We have also shown that specifi c injury 
mechanisms cause specifi c lesions. To obtain a his-
tological correlate to MRI fi ndings, patients with 
fatal head/neck injuries can be examined with MRI 
prior to post-mortem examination; thus, MRI grad-
ing can be compared with pathological anatomy.

Magnetic resonance imaging, and especially 
high-resolution MRI of the upper cervical spine, 
may become an important tool in the assessment of 
whiplash and other trauma-induced neck disorders 
in the future.
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12.1 
Injury-Related Anatomy of the 
Cervicocranium and Cervical Spine

The cervicocranium extends from the skull base to 
the C2–C3 disk space. Characteristics of the cervico-
cranium related to the normal development during 
childhood or later should not be misinterpreted as 
signs of trauma. Examples of these include the ter-
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minal ossifi cation center of the dens, vertical cleft in 
the anterior arch of C1 and the non-ossifi ed vertical 
cleft of the dens (Figs. 12.1 and 12.2). The smooth 
sclerotic margins distinguish these ossicles or clefts 
from acute traumatic lesions. Another normal de-
velopmental variant in childhood is the physiologic 
pseudosubluxation at C2–C3, or C3–C4 levels, which 
is found in up to 25% of children (Lustrin et al. 1994). 
Normal appearing apophyseal joints and a smoothly 
delineated spinolaminar line exclude a true sublux-
ation. The cervicocranium includes the atlanto-oc-
cipital, atlanto-axial, and the intervertebral cervical 
joints. The atlanto-occipital joint provides the “yes” 
movement (fl exion-extension of the neck), and the 
atlanto-axial joint the “no” movement (lateral rota-
tion of atlas on axis). The external and the internal 

K E Y - P O I N T S

Acute cervical spine injury:

1.9%–4.6% of all patients with blunt trauma 
in emergency room

6000 deaths and 5000 Quadriplegia/year in US

4:1 male:female ratio

Motor vehicle accident (40%), falls (20%), vio-
lence (14%)

Cervical fractures:

1/3 at C2

1/2 at C6 and/or C7

Older patients especially C2, younger patients 
more lower cervical spine

Classifi cation according to:

Level

Mechanism
Flexion (46%–79%)
Extension (20%–38%)
Flexion-rotation (12%)
Vertical compression (12%)
Hyperextension-rotation (4%–6%)

Morphology

Stability/instability
Three-column model: anterior – middle 
– posterior. Injury to 2 columns results in 
instability

Imaging necessary if any of the following applies:

High-risk factor present:
Age 65 years
Dangerous mechanism:
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Fall from elevation 3 ft/5 stairs
Axial load to the head
>100 km/h MVA, rollover or ejection MVA
Motorized recreational vehicles
Bicycle collision

Paresthesias in extremities

No low-risk factor present:
Simple rear-end MVA, excluding:

Into oncoming traffi c
Hit by bus or large truck
Rollover
Hit by high speed vehicle

Sitting position in ED
Ambulatory at any time since injury
Delayed onset of neck pain
No midline tenderness

Unable to actively rotate the neck 45º to the 
left and right

CT as the initial imaging examination if any of 
these:

High-speed MVA (>50 km/h)

MVA with death at scene

Fall from >3 m

Signifi cant head injury (intracranial hemor-
rhage, unconscious in emergency room)

Neurologic symptoms referred to the C-spine

Pelvic or multiple extremity fractures

Plain fi lm for cervical trauma should include at 
least:
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ligaments stabilize the cervicocranium, protect the 
spinal cord, and prevent excessive neck movements.

The external ligaments include:
1. Posterior atlanto-occipital membrane, and atlanto-

axial ligament (Figs. 12.3, 12.4): These structures 
are the superior extension of the ligamenta fl ava, 
which ends at the C2 level.

2. Anterior atlanto-occipital membrane, and atlanto-
axial ligament (Figs. 12.3, 12.4): These structures 
are the upward continuation of the anterior lon-
gitudinal ligament.

3. Anterior longitudinal ligament (Figs. 12.3, 12.4): 
This ligament is a thick band of fi brous tissue that 
runs along the anterior surfaces of the vertebral 
bodies. It extends from the anterior tubercle of the 
atlas over the full length of the spinal column to 



  Cervical Trauma 281

fuse with the upper, pelvic surface of the sacrum. 
It blends with the periosteum of each vertebra, but 
is less fi rmly attached to the intervertebral discs.

4. Ligamentum nuchae (Fig. 12.4): The ligamentum 
nuchae runs from the external occipital protuber-
ance along the tips of the spinous processes of the 
cervical vertebrae, to the tip of the spinous process 
of the vertebra prominens (usually C7).

The internal ligaments include:
1. Cruciate ligament (Figs. 12.3–12.6): This ligament 

is composed of the transverse ligament of the atlas 

and two small bands. The transverse ligament is 
a thick and strong band that bridges horizontally 
across the ring of the atlas. It is broader and thicker 
in the middle, and is fi rmly attached on either side 
to the lateral mass of the atlas. As it crosses the 
odontoid process, a small band (crus superius) is 
prolonged upward attaching the occipital bone, 
and another (crus inferius) extending downward 
along the posterior surface of the body of the 
axis. The transverse ligament divides the spinal 
canal into two unequal parts: the larger posterior 
part includes the medulla, while the anterior and 
smaller part contains the odontoid process. The 
transverse ligament holds the odontoid against 

Fig. 12.2. Vertical cleft of the dens axis. Open-mouth odon-
toid view radiograph. Non-ossifi ed physiologic vertical cleft 
within the dens (arrows)

Fig. 12.3. Cervicocranium, medial view. Cervicocranium, 
median sagittal section, medial view

Fig. 12.1a,b. Os odontoideum. Lateral view radiograph. Terminal ossifi cation of dens (os odontoideum) (black arrow), non-
 ossifi ed cartilage (white arrows), and body of the dens

a b
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the atlas, and prevents anterior subluxation of C1 
on C2. The cruciate ligament limits both fl exion at 
the craniovertebral junction and anterior displace-
ment of the atlas. If the cruciate ligament ruptures, 
anterior luxation of the atlas may compress the 
spinal cord, which can result in quadriplegia, or 
even death.

2. Accessory ligaments (Fig. 12.6): These paired liga-
ments arise posterior to and in conjunction with 
the transverse ligament above the lateral mass of 
the atlas and insert below into the body of the axis 
near the base of the odontoid process.

3. Apical odontoid ligament (Figs. 12.3, 12.4): This 
ligament originates from the anterior rim of the 
foramen magnum (basion) and inserts into the tip 
of the odontoid. It anchors the odontoid to the 
basion.

4. Alar ligaments (Figs. 12.5, 12.6): These paired liga-
ments extend laterally from the tip of the dens to 
the occipital condyles, and prevent excessive rota-
tion of head.

5. Posterior longitudinal ligament (Figs. 12.3, 12.4): 
This ligament runs along the posterior surfaces 
of vertebral bodies. The tectorial membrane is a 
superior extension of the posterior longitudinal 
ligament and continues along the anterior margin 
of the foramen magnum. It limits extension, fl ex-
ion, and vertical translation.

Fig. 12.4. Normal ligamentous MR anatomy. Sagittal T2-weighted MR image obtained on 1.5-T. 1, Anterior atlanto-occipital 
membrane; 2, apical odontoid ligament; 3, transverse (cruciform) ligament; 4, anterior atlanto-axial ligament; 5, posterior lon-
gitudinal ligament; 6, anterior longitudinal ligament; 7, tectorial membrane; 8, nuchal ligament; 9, posterior atlanto-occipital 
membrane; 10, posterior atlanto-axial ligament; 11, interspinous ligaments; 12, fl aval ligaments; 13, supraspinous ligament

Fig. 12.5. Atlas, view from above. First cervical vertebra 

Fig. 12.6. Cervicocranium, posterior view, coronal section 
after removal of the tectorial membrane. The posterior of 
the occipital bone, the anterior arcs of the foramen magnum 
( basion), C1 (atlas), and C2 (axis), and the intervertebral ar-
ticulations
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The major stabilizers of the cervicocranium are 
the tectorial membrane, the alar ligaments, and the 
cruciate ligament, particularly the transverse liga-
ment. The tectorial membrane and transverse liga-
ment are routinely seen on MR imaging, whereas 
the normal alar ligaments can be more diffi cult to 
visualize because of lack of contrast compared to 
adjacent tissues (Ellis et al. 1991; Schweitzer et 
al. 1992). In trauma, blood or edema adjacent to the 
alar ligaments improve the visualization of these 
ligaments (Katzberg et al. 1999).

12.2 
Cervical Trauma

12.2.1 

Incidence, Mortality, and Morbidity

Incidence: The incidence of acute cervical spine 
injury ranges from 1.9% to 4.6% of patients with 
blunt trauma. The incidence increases up to 5.9% 
in multiple-injured patients (McNamara et al. 
1990; Nunez et al. 1996). In infants and children, 
the reported incidence of blunt cervical spine 
injury is less than 1% (John 1999).
Level of injury: Cervical spine fractures occur 
predominantly at two levels. One third of cervi-
cal vertebral fractures occur at the level of C2, and 
one half of injuries occur at the level of C6 or C7. 
The most frequent level of spinal cord injury is 
C5 (Prasad et al. 1999). Most fatal cervical spine 
injuries occur at the upper cervical levels, either 
at the craniocervical junction, C1, or C2. The atlas 
is involved in 3%–13% of cases. C3 is involved in 
less than 5% of cases. The location of the cervical 
injury by decreasing frequency is (Hahn 2004): 
C2, C6 > C5, C7 > C3, C4 > C1.
Mortality, morbidity, and neurologic defi cit: Cer-
vical spine injuries cause an estimated 6000 deaths 
and 5000 new cases of quadriplegia in the US each 
year. A total of 20% of deaths from traffi c accidents 
are attributed to or caused by severe cervical spinal 
cord injury, and the majority of those involve the 
upper cervical spine (occiput to C3). In traumas 
isolated to the cervical spine, the mortality rate 
decreases to 7% (Burney et al. 1993). Most deaths 
associated with spinal cord injury occur during 
the fi rst 24 h after hospitalization. Injuries to the 
cervical spine can result in neurologic damage in 

�

�

�

up to 40%–50% of patients (Borock et al. 1991). In 
all, 25% of patients with a cervical spine fracture 
suffer a secondary neurological defi cit (quadriple-
gia, incomplete spinal cord injuries, or radiculopa-
thies) (Colterjohn and Bednar 1995).

12.2.2 

Sex and Age

Cervical spine injuries are more common in males 
than females (M:F ratio 4:1), and are less frequent 
in people older than 65 year (Jackson et al. 2004). 
The age distribution of patients presenting with lower 
cervical spine and spinal cord injuries is bimodal. 
According to US statistics, 63% of spinal cord in-
jury victims are between 16 and 30 years old, and 
1%–3% between 0 and 15 years old (Braakman 
and  Braakman 1987). Most patients with a cervical 
spine injury lead active lifestyles prior to the injury. 
Injuries in persons between 15 and 24 years of age 
are usually the result of a high-energy trauma, such 
as motor vehicle accidents, accidents resulting from 
sporting activities, or acts of violence. Injury patterns 
in elderly patients may differ from those of younger 
patients because of differences in bone density, injury 
mechanism, and presence of degenerative changes af-
fecting biomechanics (Lomoschitz et al. 2002). The 
associated degenerative changes infl uence the site of 
injury by narrowing the spinal canal and as such 
predisposing to a cervical cord injury. Injuries in per-
sons older than 55 years usually result from low-en-
ergy trauma, such as falling from standing or seated 
height (Regenbogen et al. 1986). The prevalence of 
spinal fractures increases with increasing age. In the 
younger ages, the most mobile segments are C4 to C7, 
and most fractures in younger patients occur at these 
levels (Hu et al. 1996; Blackmore et al. 1999a). With 
degenerative changes, these segments become less 
mobile, and the C1–C2 motion segment becomes the 
most mobile portion. The higher incidence of upper 
cervical injury in the elderly population may be due to 
this stiffening effect of aging on the vertebral column 
(Weller et al. 1997; Spivak et al. 1994).

12.2.3 

Patient’s History and Clinical Findings

In patients arriving at the emergency department with 
a history of motor vehicle accident, blunt head or facial 
trauma, neurologic defi cit, and/or neck pain, a cervical 
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spine injury should be considered present until proven 
otherwise. Central nervous system evaluation has the 
highest priority following the emergency assessment 
of the airways and hemodynamic stability. Alarming 
fi ndings include posterior neck pain on palpitation, 
limited range of motion, weakness, numbness, and/or 
paresthesias along the affected nerve roots. However, 
the ability to predict cervical injury on the basis of a 
clinical examination alone is limited. Because of these 
limitations, most patients who are at high risk for 
cervical spine injury and those patients that cannot 
be assessed due to obtundation undergo radiographic 
evaluation to clear the cervical spine (Ross et al. 1987). 
Factors that help identify those at a higher risk for 
cervical spine injury have been described in the litera-
ture and include both clinical criteria; Glasgow Coma 
Score less than 14, neck tenderness, loss of conscious-
ness, neurologic defi cit, drug ingestion, and specifi c 
mechanisms of injury (motor vehicle accident, fall 
from a height greater than 3 m) ( Schleehauf et al. 
1989; Ross et al. 1987; Cadoux et al. 1987; Nunez and 
Quencer 1998). Due to more effective and successful 
fi rst aid during the “golden hour” on the trauma site 
and during transportation to hospital, the number of 
more seriously injured trauma patients surviving at 
least until admission to the emergency room has in-
creased during the past decades (Lali and  Fehlings 
2001; Blackmore et al. 2000).

12.2.4 

Etiology

The cause of the cervical spine injuries in decreasing 
order is motor vehicle accidents (40%), falls (20%), 
violence such as gunshot wounds (14%), and sports-
related activities (14%) (Burney et al. 1993). Though 
motor vehicle accidents and sports-related injuries 
are common in younger ages, falls are the most com-
mon injury mechanism in elderly patients. Almost 
2/3 of isolated spinal cord trauma injuries are at the 
level of the cervical spine, and complete spinal cord 
injury (total sensory and motor function loss distal 
to the injury) occurs in 43%–46% of these cases.

12.2.5 

Pathophysiology, Classifi cation, and 

Biomechanical Instability

Cervical spine injuries can be classifi ed according 
to the level of injury, the mechanism of the trauma, 

morphology, or instability of the fracture (Bohlman 
1979; Allen et al. 1982; Harris 1986). The exact 
trauma mechanism in a cervical spine injury often 
remains uncertain and the complexity of some inju-
ries indicates the presence of several different injury 
mechanisms in a single trauma (Cusick et al. 1996). 
Assessment of spinal stability or instability are essen-
tial in deciding the correct choice of treatment in each 
specifi c type of cervical spine injury. The anatomical 
and biomechanical properties of the two uppermost 
cervical vertebrae signifi cantly differ from those in 
the third to seventh vertebra. A combination of sev-
eral classifi cation methods, such as level and trauma 
mechanism followed by a morphological description 
of the injury and assessment of stability, is used in 
most studies. Table 12.1 summarizes the craniocervi-
cal injuries classifi ed by trauma mechanism, level of 
injury, and the stability.

The most frequent mechanism of injury is fl ex-
ion (46%–79%), followed by extension (20%–38%), 
fl exion-rotation (12%), vertical compression (12%), 
and hyperextension/lateral rotation (4%–6%), re-
spectively. Although the anatomy of the cervical 
spine permits motion in all planes, the dominant 
motion is fl exion-extension. The position of the 
head and neck at the time of impact and the direc-
tion of the forces causing the injury play an impor-
tant role in the mechanism of injury. Regardless of 
the mechanism, cervical spine fractures are serious 
injuries, and they may cause spinal cord damage, 
which may result in partial or complete paralysis 
or even death.

Stability is provided by intact osseous and liga-
mentous structures (see also Sect. 12.1). To assess 
the stability of the cervical spine it is divided into 
three coronal columns (Fig. 12.7); the anterior col-
umn includes the anterior two thirds of vertebral 
bodies, the annulus fi brosus, intervertebral discs, 
and the anterior longitudinal ligament. The middle 
column is composed of the posterior one third of 
the vertebral bodies, the posterior annulus fi brosus, 
intervertebral discs, and the posterior longitudi-
nal ligament. Hyperextension can result in injury 
to the anterior column or to both the anterior and 
middle columns (Katzberg et al. 1999; Benedetti 
et al. 2000). The posterior column contains all of the 
remaining posterior elements of the spine formed 
by the pedicles, transverse processes, articulating 
facets, laminae, spinous processes, and posterior 
ligaments (ligamenta fl ava, interspinous ligaments, 
supraspinous ligaments, and facet joint capsules). 
The anterior and posterior longitudinal ligaments 
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maintain the structural integrity of the anterior 
and middle columns. The posterior column is held 
in alignment by a complex ligamentous system, 
including the nuchal ligament complex, capsular 
ligaments, and ligamenta fl ava. If one column is dis-
rupted, other columns may provide suffi cient stabil-
ity to prevent spinal cord injury. Injury to any two 
adjacent columns will result in instability, and the 
spine may move as two separate units, increasing 
the likelihood of spinal cord injury (Denis 1983).

Most sports-related fractures and dislocations of 
the cervical spine occur in the lower cervical seg-
ment, C4 to C7, with axial loading of the neck in 

Table 12.1. Classifi cation of craniocervical injuries

Mechanism Type Level Stability

Flexion injury Simple wedge fracture Any level Stable

Flexion teardrop fracture Any level Unstable

Anterior subluxation Any level Stable

Bilateral facet dislocation Any level Unstable

Clay shoveler’s fracture Lower cervical Stable

Flexion-rotation injury Unilateral facet dislocation Any level Stable

Rotatory atlanto-axial dislocation C1–C2 Unstable

Extension injury Hyperextension dislocation Any level Unstable

Hangman’s fracture C2 Stable/unstable

Extension teardrop fracture Any level Stable/unstable

Isolated posterior arch fracture Any level, usually C1 Stable

Anterior arch avulsion fracture C1 Stable

Laminar fracture Any level Stable

Hyperextension-lateral 
rotation injury

Pillar fracture Any level Stable

Pedicolaminar fracture – separation types I, II, III Any level Stable

Pedicolaminar fracture – separation types IV Any level Unstable

Vertical compression 
injury

Jefferson’s fracture C1 Unstable

Burst fracture of vertebral body Lower cervical Stable/unstable

Craniocervical injury Atlas fractures types I, II, IV C1 Stable

Atlas fractures type III C1 Stable/unstable

Atlas fractures types V (Jefferson’s fracture) C1 Unstable

Atlanto-axial subluxation-distraction C1 Unstable

Atlanto-occipital dislocation-distraction C1 Unstable

Odontoid process fracture types I, III C2 Stable

Odontoid process fracture types II, IIA C2 Unstable

Occipital condyle fracture types I, II Occipital bone Stable

Occipital condyle fracture type III Occipital bone Unstable

fl exion, and most of the severe injuries involve frac-
tures of the vertebral body with varying degrees of 
compression, subluxation, or dislocation (Torg and 
Ramsey-Emrhein 1997). The degree of instability 
depends on several factors that may translate into 
neurologic disability, secondary to spinal cord com-
pression. The risk of neurologic injury, secondary to 
spinal injury, increases with degenerative changes 
related to aging, arthritic conditions (rheumatoid 
arthritis, ankylosing spondylitis) (Fig. 12.8), spinal 
stenosis, spina bifi da, as well as the specifi c mecha-
nism and location of the injury (Torg and Ramsey-

Emrhein 1997; Dvorak et al. 1989).
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Fig. 12.7. Imaginary coronal columns of cervical spine, lateral view. 1, 
Anterior column including the anterior 2/3 of vertebral bodies, annu-
lus fi brosus, intervertebral discs, and anterior longitudinal ligament. 
2, Middle column including posterior 1/3 of vertebral bodies, annulus 
fi brosus, intervertebral discs, and posterior longitudinal ligament. 3, 
Posterior column including pedicles, transverse processes, and pos-
terior ligaments

Fig. 12.8a–c. Ankylosing spondylitis. Cervical fusion due to 
ankylosing spondylitis in a 72-year-old male patient, com-
plicated by a C7 fracture and anterior dislocation of the C6 
vertebral body. a Sagittal CT reformation showing a burst 
fracture of the C7 vertebral body (white arrow), anterior dis-
location of the C6 vertebral body, and spinal canal stenosis at 
the level of C7. b Sagittal T1-weighted MR image showing a 
step at the posterior spinal contour with compression of the 
cervical myelum, more pronounced due to a posterior bony 
spur (arrow). c Sagittal T2-weighted MR image showing an 
increased medullary T2 signal due to cord edema (arrow)

c

a

b
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who do not meet the clinical low-risk criteria require 
spinal imaging.

While the discussion is still ongoing regarding 
what constitutes an adequate radiographic examina-
tion, and how many radiographic views are necessary 
to rule out any cervical spine injury, there is broad 
acceptance that the adequate cervical spine series 
must include at least three views: a true lateral view, 
an anteroposterior view, and an open-mouth odon-
toid view (Streitwieser et al. 1983; Freemyer et 
al. 1989; MacDonald et al. 1990). Although missed 
cervical fractures, subluxations, and dislocations can 
be the result of image misinterpretation, the most 
frequent cause of an overlooked injury is an inad-
equate fi lm series (Davis et al. 1993). A lateral view 
alone is inadequate and will miss up to 15% of cervi-
cal spine injuries (Ross et al. 1987). When combined 
with standard AP, and odontoid views, 5%–8% of 
patients with fractures may still have normal radio-
graphs ( Woodring and Lee 1993; Ringenberg et al. 
1988). In addition, diffi culty in positioning polytrau-
matized patients may lead to a larger number of in-
adequate radiographic examinations. Some authors 
also suggest adding two lateral oblique views to de-
tect fractures or subluxations that are not identifi ed 
with a standard three-view series (Turetsky et al. 

12.3 
Imaging Studies

According to the NEXUS study (National Emergency 
X-Radiography Utilization Study) for low-risk crite-
ria, cervical spine radiography is indicated for trauma 
patients unless they exhibit all of the following cri-
teria: no posterior midline cervical spine tenderness, 
no evidence of intoxication, normal level of alertness, 
no focal neurological defi cit, and no painful distract-
ing injuries. These criteria are highly accurate and in 
most patients they can rule out virtually any unstable 
cervical spine injury. Patients who meet all fi ve cri-
teria have a very low risk for cervical spine injury 
(99.8% negative predictive value). The sensitivity of 
the decision rule is high (99.0%), but due to its low 
specifi city (12.9%), its positive predictive value is low 
(2.7%) (Hoffman et al. 2000). The Canadian C-Spine 
Rule based on 20 clinical variables is a more accurate 
tool in alert and stable trauma patients, with a speci-
fi city of 42.5% (Stiell et al. 2003) (Table 12.2). Use 
of these criteria reduces the number of radiographic 
examinations of the cervical spine by 20%–42% in 
alert and stable patients (Stiell et al. 2001; Touger 
et al. 2002). All patients with blunt spinal trauma 

Table 12.2. Canadian C-Spine rule for indications of radiography in patients with cervical trauma 
( Stiell et al. 2001)

Risk factors Imaging

High-risk factor: Present Required

Age > 65 years

Dangerous mechanism

 • Fall from elevation 3 ft/5 stairs

 • Axial load to the head

 • >100 km/h MVA, rollover or ejection MVA

 • Motorized recreational vehicles

 • Bicycle collision

Paresthesias in extremities

Low-risk factors: Not present Required

Simple rear-end motor vehicle accident, excluding: Present but unable to 
rotate neck actively 
(45º left and right)

Required

 • Into oncoming traffi c

 • Hit by bus or large truck

 • Rollover

 • Hit by high speed vehicle Present and able to 
rotate neck actively 
(45º left and right)

Not required

Sitting position in emergency department

Ambulatory at any time

Delayed or not immediate onset of neck pain

Absence of midline cervical spine tenderness
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1993; Doris and Wilson 1985). However, repeated 
attempts to improve on the quality of plain fi lms are 
usually unsuccessful and a waste of valuable time. A 
CT scan with sagittal and coronal reconstructions is 
indicated to evaluate possible spinal injury at any level 
or through the lower cervical spine if this area cannot 
be visualized on conventional radiographs (Nunez et 
al. 1996; Jelly et al. 2000). Borock et al. (1991) report 
that CT alone shows 98% of cervical spine injuries, 
and when combined with plain radiography, 100% of 
injuries were detected. For cases in which the plain 
fi lm and CT fi ndings are normal, lateral radiographs 
in fl exion and extension can then be obtained to as-
sess possible ligamentous injury (Borock et al. 1991). 
MR imaging may play a role to evaluate the presence 
of hemorrhagic or non-hemorrhagic cord contusion; 
however, MR imaging in patients with cervical spine 
injury is still controversial, because its infl uence on 
the patient’s outcome has not been fully established 
(Flanders et al. 1996; Bondurant et al. 1990). Nev-
ertheless, the detection of a cord injury may have 

therapeutic implications in the decision making for 
immediate decompressive surgery. Table 12.3 sum-
marizes the checkpoints of conventional radiogra-
phy, CT, and MRI in the assessment of cervicocranial 
injuries.

12.3.1 

Cross-Table Lateral View

Approximately 85%–90% of cervical spine injuries 
can be detected on a lateral view plain fi lm (Graber 
and Kathol 1999). A lateral view of the cervical 
spine should show all seven vertebral bodies, and 
the cervicothoracic junction. Normal measures 
have been determined for many of the osseous re-
lationships and soft-tissue contours at the cranio-
cervical junction using a lateral radiogram and are 
valuable for excluding upper cervical spine injury 
( Table 12.4). To avoid missing signifi cant abnormal-
ities, interpretation should be methodical.

Table 12.3. Imaging assessment guidelines in cervicocranial injury

Lateral view radiograph AP view radiograph CT MR

Posterior vertebral line Lateral atlanto-dens interval Occipital condyles, C1, C2, 
foramen magnum

Bone marrow signal intensity

Anterior vertebral line Atlanto-occipital joint Atlanto-occipital joint Atlanto-occipital joint

Spinolaminar line Atlanto-axial joint Atlanto-axial joint Atlanto-axial joint

Basion-dens interval C1–C2 overhanging Prevertebral soft tissues Prevertebral soft tissues

Prevertebral soft tissues Occipital condyles Presence of SAH or EDH Presence of EDH

Osseous integrity C1, C2, dens Nuchal ligament signal intensity

Clivus, C1, C2 Interspinous ligament

Interpedicular distance Tectorial membrane

Anterior atlanto-dens interval Spinal cord

SAH, subarachnoid hemorrhage; EDH, epidural hemorrhage

Table 12.4. Normal values

Parameters Adults Children

Predental space <3 mm <4–5 mm

C2–C3 pseudosubluxation <3 mm <4–5 mm

Prevertebral (retropharyngeal) space <7 mm at C2 1/2 to 2/3 vertebral body distance anteroposteriorly

<5 mm at C3–C4

<22 mm at C6 <14 mm at C6

Angulation of two adjacent vertebrae <11 <11

Spinal cord dimension >13 mm Adult size by 6 years of age

Basion-dens interval <12 mm
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1. Check alignment of the cervical spine by follow-
ing three imaginary contour lines (Fig. 12.9). The 
disruption of the normally smooth lordotic curve 
of these lines may be caused by bony or ligamen-
tous injury. 

Anterior contour line: the anterior margins of 
all vertebrae
Posterior contour line: the posterior aspect of 
all vertebrae
Spinolaminar contour line: through the bases 
of the spinous processes

There are two exceptions to this rule, where these 
contours may have a physiologic misalignment or 
“pseudosubluxation”: in young children because 
of immature muscular development, and in adults 
with a “physiologic benign pseudosubluxation” 
due to ligamentous laxity. This is mostly seen at 
the C2–C3 level and, less commonly, at the C3–C4 
level. Pseudosubluxation should disappear on an 
extension view. However, fl exion-extension views 
should not be obtained until the entire cervical 
spine is otherwise cleared radiographically.

2. Check each vertebra individually for obvious frac-
ture or bone density changes.

�

�

�

3. Check soft tissue changes in the predental and 
prevertebral spaces.

Predental space (anterior atlanto-dens interval): 
the distance between the anterior aspect of the 
odontoid and the posterior aspect of the anterior 
arch of C1. This space should be no more than 
3 mm in an adult and 5 mm in a child. Suspect 
transverse ligament disruption if these limits 
are exceeded (Harris et al. 1994). An increase 
in this space is presumptive evidence of a 
fracture of C1 or of the odontoid process.
Prevertebral space (retropharyngeal space): 
extends between the anterior border of the 
vertebrae to the posterior wall of the pharynx 
in the upper vertebral level (C2–C4) or to the 
trachea at the lower vertebral level (C6) (Lee 
et al. 1997; Harris et al. 1994).

At the level of C2 the prevertebral space 
should not exceed 7 mm. 
iAt the level of C3 and C4, it should not 
exceed 5 mm
At the level of C6 the prevertebral space is 
widened by the presence of the esophagus 
and cricopharyngeal muscle. At this level, 
the space should be no more than 22 mm 
in adults or 14 mm in children younger 
than 15 years.

Children younger than 24 months may exhibit a 
physiologic widening of the prevertebral space 
during expiration; therefore, one should obtain 
images in small children during inspiration to as-
sess the prevertebral space adequately. If the pre-
vertebral space is widened at any level, a hematoma 
secondary to a fracture should be assumed.

4. Check for widening of the space between the two 
spinous process tips. If widening is present, a pos-
terior ligamentous injury or fracture should be 
considered.

5. Check for an abrupt change in angulation of 
greater than 11 degrees at any level of the cervi-
cal spine, a ligamentous injury or fracture should 
be ruled out.

6. The spinal canal should be more than 13 mm wide 
on the lateral view. Anything less than this suggests 
that spinal cord compromise may be impending.

7. The basion–dens interval (tip of the dens to the 
basion) and the basion–posterior axial line inter-
val (vertical line drawn along the posterior aspect 
of the subdental body of C2) are the indicators of 
an injury to the alar ligaments or tectorial mem-
brane, and should not exceed 12 mm (Harris et 
al. 1994).

�

�

�

�

�

Fig. 12.9. Alignment of the cervical spine. Lateral view radio-
graph. 1, Anterior contour line through the anterior margins 
of all vertebrae. 2, Posterior contour line through the poste-
rior margins of all vertebrae. 3, Spinolaminar contour line 
through the bases of the spinous processes
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12.3.1.1 

Limitations of the Lateral View

Fractures of the occipital condyles and of the lateral 
masses of C1 are usually not visible on the lateral 
radiograph because of the inherent anatomic rela-
tionships of the occipitoatlantal articulations, the 
bilateral superimposition of the lateral masses of C1 
and the occipital condyles, and the superimposition 
of the mastoid processes on the occipitoatlantal ar-
ticulations. Fractures of the anterior arch of C1 can 
also go undetected by superposition of the posterior 
obliquity of the anterior arch of C1 between the an-
terior tubercle and lateral masses of C1.

12.3.2 

Open-Mouth Odontoid View

The open-mouth view should include the inferior 
aspect of the occipital condyles in addition to the 
entire odontoid process, the lateral masses of C1, the 
lateral atlanto-dental intervals, the axis body, and 
the lateral atlanto-axial articulations. The spinous 
process of C2 should be on the midline. In the un-
conscious, intubated patient, the open mouth view is 
inadequate and should be replaced by a CT scan.
1) Check the symmetric alignment of the lateral 

masses of C1 with respect to the odontoid pro-
cess. Asymmetry or misalignment is suggestive of 
a fracture or lateral displacement, but only in cases 
where the view was taken absolutely straight and 
without rotation of the head.

2) Assess the symmetry of the lateral aspects and 
interspace between C1 and C2.

3) Check for fractures of the dens. Radiographic 
lines caused by the teeth or soft-tissues either 
longitudinal or horizontal through the dens may 
simulate a fracture. If there is any doubt of a frac-
ture, the view should be repeated. If it is not pos-
sible to exclude a fracture of the dens, CT scan is 
 indicated. 

12.3.2.1 

Limitations of the Open-Mouth View

Frequent limitations include partial or complete 
masking of the occipital condyles by the maxillary 
premolar and/or molar teeth, covering of the lateral 
masses of C1 by the occipital bone, superimposition 
of maxillary incisor teeth on the dens, and the pres-
ence of an endotracheal and/or nasogastric tube. In 

addition, it is impossible to obtain an open-mouth 
view in patients who are unconscious, or who have 
sustained major midfacial or mandibular fractures.

12.3.3 

Anteroposterior (AP) View

The structures recognized on the AP radiograph of 
the cervical spine include the lower cervical ver-
tebral bodies including superior and inferior end-
plates, disk spaces, uncinate processes, uncoverte-
bral joints of Luschka, lateral masses forming the 
lateral columns, and the tracheal air column. The 
anteroposterior view must include the spinous pro-
cesses of all the cervical vertebrae from C2 to T1.

The spinous processes should be on the midline 
and in a straight line. If this is not the case, one 
should consider a rotation injury (e.g. unilateral 
facet dislocation) (Graber and Kathol 1999). If a 
spinous process appears vertically split, also con-
sider a clay shoveler fracture. The height of all cervi-
cal vertebral bodies should be approximately equal 
on the AP view.

12.3.4 

Swimmer’s View

Sometimes it is not possible to fully visualize all seven 
cervical vertebrae, particularly those of the cervico-
thoracic junction on a lateral view. In cases where 
there is no injury to the upper limbs or shoulder 
girdle, “a swimmer’s view” or transaxillary lateral 
view with traction on the arms may allow adequate 
visualization of the lower cervical spine and cervico-
thoracic junction. Disadvantages of the swimmer’s 
view include the inability of the patient to cooperate 
for the required positioning and superposition of the 
clavicles, upper ribs, and/or shoulder joints.

12.3.5 

Supine Oblique Views

These views can provide visualization of the poste-
rior elements or laminae of the cervical spine and 
give more information than the AP view. Therefore, 
it replaces the routine AP view in trauma patients in 
some centers. The normal structural appearance of 
the laminae is described as shingles on a roof, form-
ing a regular elliptical curve with equal interlami-
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nar spaces. If the interlaminar space between two 
continuous laminae is increased, subluxation of the 
involved vertebrae should be suspected. Similarly, if 
the expected tiling of shingles is disrupted, suspect 
a unilateral facet dislocation. A posterior laminar 
fracture should be evident as disruption of the body 
of a single shingle.

12.3.6 

Flexion-Extension Radiographs

Literature regarding the use of fl exion-extension ra-
diographs in cervical spine trauma is controversial 
(Dwek and Chung 2000; Fazl et al. 1990). If there 
is a question of ligamentous injury in a patient with 
focal neck pain, minimal misalignment on the lat-
eral view and no evidence of instability or fracture, 
fl exion-extension views can be obtained (Lewis et 
al. 1991). These radiographs should only be obtained 
in conscious patients who are able to cooperate. Only 
active motion should be allowed. Under no circum-
stance should cervical spine fl exion and extension 
be forced, since force may result in cord injury. 

12.3.7 

CT

Although cervical spine radiographs are considered 
to be adequate to rule out fractures, plain fi lms have 
limitations. Some studies report up to 66% percent 
missed fractures on plain radiographs (Woodring 
and Lee 1993). The ideal imaging strategy depends 
on the individual characteristics of an injury. 
Blackmore et al. (1999b) studied a large group of 
patients with several injury mechanisms and clini-
cal parameters. They proposed a clinical decision 
rule that is designed to select adult patients with 
blunt trauma who are at greater than 5% risk for 
cervical spine fracture to undergo screening helical 
CT (Blackmore 1999b; Hanson et al. 2000). The 
clinical decision rule to select high-risk patients to 
undergo CT of the cervical spine is summarized in 
Table 12.5 (Nunez and Quencer 1998).

Trauma patients need to be evaluated promptly so 
that critical injuries can be detected promptly and 
treated adequately. Anything that delays treatment, 
such as prolonged imaging times, can adversely affect 
the outcome. Daffner (2000) reported that the aver-
age time needed to perform a six-view radiographic 
evaluation in a group of trauma patients was 22 min 

and 45%–79% of their patients required one or more 
repeated radiographs for a satisfactory examination 
(Daffner 2000). CT is used as an adjunct to con-
ventional radiography at many institutions, some of 
which even suggest obtaining CT as the primary im-
aging modality in severely traumatized patients due 
to its higher diagnostic yield and cost-effectiveness 
(Blackmore et al. 1999b; Berne et al. 1999; Hanson 
et al. 2000; Nunez et al. 1996; Jelly et al. 2000). CT 
may also reveal minimally symptomatic or asymp-
tomatic non-displaced spinous and transverse pro-
cess fractures that have been previously overlooked 
on conventional radiographic series. Although there 
may be no risk of neurologic injury, their presence 
refl ects substantial absorbed energy, and it may be 
important to detect them as markers for more severe 
ligamentous, disk, brachial plexus, or vertebral ar-
tery injuries (Woodring et al. 1993). Moreover, spi-
nal CT can be performed simultaneously with head, 
thoracic, and/or abdominal CT, even using the same 
raw data, in the polytraumatized patient, therefore 
further reducing imaging time and patient manipu-
lation ( Linsenmaier et al. 2002). Multi-row detector 
CT (MDCT) can overcome the limitations that were 
experienced with axial or single slice spiral CT, such 
as the evaluation of intervertebral distances, abnor-
mal angulation, rotation, subluxation and/or dislo-
cations (Van Goethem et al. 2005). Due to technical 
breakthroughs, MDCT is faster and has better tempo-
ral, spatial, and contrast resolution due to smaller iso-
tropic voxels compared with conventional helical CT 

Table 12.5. Clinical decision rule to select high-risk patientsa. 
These should have helical CT as their initial imaging exami-
nation of the cervical spine (Nunez and Quencer 1998)

Injury mechanism parameters:

1. High-speed motor vehicle accident (>50 km/h)

2. Motor vehicle accident with death at scene

3. Fall from height (>3 m)

Clinical parameters:

4. Signifi cant closed head injury (intracranial hemor-
rhage, unconscious in ED)

5. Neurologic symptoms or signs referred to the cervical 
spine

6. Pelvic or multiple extremity fractures

a The presence of at least one parameter places the patient in 
the high risk category (>5% risk of cervical spine fracture) 
and indicates that the patient requires CT as the initial ex-
amination.
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(Van  Goethem et al. 2005; Bensch et al. 2004). CT 
can reduce the time required for the examination by 
as much as half when compared with a complete ra-
diographic examination. Further reduction in exam-
ination time is also observed with the introduction of 
newer and faster MDCT. However, the occupied scan-
ner room time per patient will not signifi cantly de-
crease in the future, as the actual scanning time takes 
up only a minor part of the occupied scanner room 
time. The greater part of the occupied scanner room 
time is spent on patient preparation, injector setup, 
and the programming of the scanner. This is espe-
cially the case in seriously injured trauma patients, 
whose vital signs are continuously being monitored 
by emergency room staff and, if necessary, life-sav-
ing therapies are administered while the patient is 
in the CT scanner room (Bensch et al. 2004). On the 
other hand, MDCT produces a large number of im-
ages, and, therefore, in emergency trauma cases, the 
radiologist should interpret these images using ad-
vanced post-processing techniques available on-line 

on the scanner console, or on the additional work-
stations or PACS (Bensch et al. 2004; Blackmore et 
al. 2000). Routine coronal and sagittal reformations 
are particularly helpful in the evaluation of odontoid 
fractures and endplate fractures (Van Goethem et al. 
2003). The advent of advanced post-processing meth-
ods such as two-dimensional (2D) multiplanar refor-
mation (MPR), maximal intensity projection (MIP), 
and three-dimensional (3D) volume rendering (VR) 
may give additional information, and has improved 
the diagnostic interpretation of injuries. Multiplanar 
and 3D reformations can provide an excellent display 
of displaced fractures, dislocations, and fracture-
dislocations (Fig. 12.10). In addition, MDCT is also 
able to show soft-tissue abnormalities such as disc 
herniations, soft tissue hematomas, and sometimes 
ligamentous ruptures (Van  Goethem et al. 2003). 
Evidence-based approaches have shown that the 
appropriate use of CT, particularly MDCT, not only 
improves outcome but also saves money in the diag-
nosis and treatment planning of the acutely injured 

Fig. 12.10a–d. Advantages of multi-
detector CT (MDCT). Fracture of the 
anterior arch of C1 (atlas). a Axial CT 
shows a fracture through the ante-
rior arch of C1 (arrow). b,c Coronal 
reformations through the anterior 
arch of C1 (arrows). d Surface shaded 
display of the cervicocranium show-
ing the exact extension of the frac-
ture ( arrows)

a

c

b

d
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cervical spine (Mann et al. 2003; Van  Goethem et al. 
2005). Many institutions now recognize MDCT as the 
preferred initial imaging procedure in acute (blunt) 
spinal trauma patients (Obenauer et al. 2002; Van 

Goethem et al. 2005).

12.3.8 

MRI

MRI is superior to either CT or conventional radi-
ography in the evaluation of neural elements such 
as cord compression, cord edema or hemorrhage, 
and soft-tissue structures such as ligamentous in-
jury, prevertebral hemorrhage, and traumatic disk 
herniation (Van Goethem et al. 2005; Katzberg 
et al. 1999). It is the only method of directly visual-
izing and differentiating spinal cord hemorrhage 
and edema, which can have a signifi cant prognostic 
signifi cance (Schaefer et al. 1992). Additionally, 
MRI is also able to show the secondary traumatic 
bony changes such as bone marrow edema. The 
indications of MRI after stabilizing the patient’s 
life-threatening injury include (Van Goethem et 
al. 2005; Brohi and Wilson- Macdonald 2000; 
Geck et al. 2001):
1. Unexpected level of neurologic signs above the 

level of radiographically seen injury
2. Presence of instability or progressive neurologic 

defi cit
3. Signs of radiculopathy, myelopathy, or cord injury
4. Patients with negative radiographs and suspected 

cervical ligamentous injury
5. Widening, slippage, or rotational abnormalities 

of the cervical vertebrae suggesting soft tissue 
injury

A typical MR imaging protocol for spinal trauma 
should include sagittal T1- and T2-weighted fast 
spin-echo images, short TI inversion-recovery 
(STIR) sagittal images, and axial gradient-echo or 
T2-weighted images. T1-weighted images provide 
the best anatomic detail. Ligamentous integrity is 
usually best seen on gradient-echo and T2-weighted 
sequences, as well as the detection of blood products 
within the spinal cord (Warner et al. 1996). T2-
weighted and STIR sequences are most sensitive for 
bone marrow edema, spinal cord injury, and soft-
tissue edema (Benedetti et al. 2000; Gunzburg et 
al. 2003). Spinal cord injury has been classifi ed into 
three groups according to MRI pattern and patient 
outcome. The fi rst pattern includes cord edema due 

to contusion, which has a more favorable prognosis 
with potential reversibility. The second pattern is 
hemorrhage, which has much less potential for re-
versibility. The third pattern is a mixed pattern of 
blood and edema, which has an intermediate prog-
nosis with some potential for recovery (Kulkarni 
et al. 1988). The craniocaudal length of the area of 
abnormal signal intensity of the cord contusion has 
also been correlated with prognosis. Schaefer et 
al. (1992) reported that if cord contusion is greater 
than one vertebral level in length, the prognosis 
is less favorable. It is also reported that there is a 
signifi cant association between the occurrence of a 
cord injury in patients with spondylosis, central ca-
nal stenosis, or acute vertebral fractures (Fig. 12.8) 
(Katzberg et al. 1999; Torg and Ramsey-Emrhein 
1997a). Traumatic disk herniation can also be dem-
onstrated on MRI. Secondary fi ndings of cervical 
disc damage include increased signal intensity of 
the injured disk on the T2-weighted images repre-
senting edematous changes and the presence of as-
sociated paraspinal soft tissue injuries (Flanders 
et al. 1990; Katzberg et al. 1999).

12.4 
Flexion Injuries

12.4.1 

Simple Wedge Fracture

With a pure fl exion injury, the anterior vertebral 
body bears most of the force and hits against the 
superior endplate of the subjacent vertebra. This re-
sults in an anterior simple wedge compression. The 
posterior column remains intact. This neurologi-
cally stable fracture only requires the use of a cervi-
cal orthosis for treatment. Radiographic fi ndings on 
the lateral fi lm are the loss of anterior vertebral body 
height, “wedge” confi guration, increased concavity, 
increased density of the endplate due to bony impac-
tion, and loss of defi nition of the superior endplate 
(Fig. 12.11) (Campbell et al. 1995). An AP view has 
limited value, and may show increased interspinous 
distance and/or loss of defi nition of the superior 
endplate. Additional CT or MRI is not indicated, 
unless there is evidence of potential instability on 
plain fi lms (Leferink et al. 2002). The character-
istics of a simple wedge fracture are summarized 
in Table 12.6.
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Table 12.6. Flexion injury: simple wedge fracture

Mechanism Flexion

Defi nition Simple wedge fracture

Spine level Any level

Stability Stable

Associated lesions Swelling of the paravertebral 
soft tissues

Radiographic fi ndings Diminished height of the ante-
rior body, increased concavity

Management Cervical orthosis

12.4.2 

Flexion Teardrop Fracture

A fl exion teardrop fracture occurs with extreme 
hyperfl exion and vertical axial compression caus-
ing a fracture of the anteroinferior aspect of the 
vertebral body. The typical triangular shaped bony 
fragment is displaced anteriorly and resembles a 
teardrop. This is an extremely unstable injury dis-
rupting all three columns, the posterior ligament 
complex, posterior longitudinal ligament, the an-
terior longitudinal ligament, and the intervertebral 

Fig. 12.12. Flexion teardrop fracture. Lateral radiograph. 
Typical triangular fragment anteriorly (white arrow), in-
creased interspinous distance (dashed arrow), hyperkypho-
sis and displacement of the C5 vertebral body

disk (Signoret et al. 1999). It is also a frequently 
associated injury to the spinal cord (Scher 1982). 
The latter presents clinically as an acute cervical 
cord syndrome with quadriplegia, loss of touch, 
pain, and temperature sensations. Radiographic 
signs on the AP view include increased interspinous 
distance, disruption of the lateral columns, disrup-
tion of the endplates and disk spaces, distorted 
facet joints, and/or fracture of the vertebral bodies. 
The fi ndings on lateral view are hyperkyphosis and 
severe displacement of the involved vertebral body 
segment, teardrop fracture fragment, apophyseal 
joint distraction, and diffuse prevertebral soft tis-
sue swelling (Fig. 12.12). CT helps to determine the 
extent of the fracture of the involved vertebra, the 
displacement of the fragment into the spinal canal, 
and to assess the adjacent vertebrae ( Signoret et 
al. 1999). MRI determines the extent and type of 
spinal cord injury, and can assess ligamentous and/
or disk injury. The initial management is traction. 
The characteristics of fl exion teardrop fracture are 
summarized in Table 12.7.Fig. 12.11. Simple wedge fracture. Lateral radiograph. Loss of 

superior endplate delineation, loss of concavity of the superi-
or aspect of the anterior vertebral body edge and diminished 
anterior vertical height of C5 vertebral body (white arrow)
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12.4.3 

Anterior Subluxation

Anterior subluxation or hyperfl exion sprain refers 
to an incomplete dislocation of the facet joints in 
an anterior direction and disruption of the poste-
rior ligament complex, without bony injury (see also 
Sects. 12.9.2 and 12.11.2). The posterior ligament 
complex consists of the nuchal ligament, the capsu-
lar ligaments, the ligamenta fl ava, and the posterior 
longitudinal ligament. The anterior longitudinal lig-
ament remains intact. Initially, anterior subluxation 
is mechanically and neurologically stable, since 
the anterior columns remain intact. Nevertheless, 
delayed instability with signifi cant displacement 
may occur in fl exion, especially in patients with 
unrecognized and untreated anterior subluxation. 
The radiographic signs include a hyperkyphotic 
angulation at the level of injury, anterior rotation, 
or displacement of the subluxed vertebra, widening 
of the interspinous space (“fanning”), disruption of 
the anterior and posterior contour lines in fl exion 
views, anterior narrowing and posterior widening 
of the disc space, increased distance between the 
vertebral bodies of the involved level and the subja-
cent superior articular process, and partial uncover-
ing of the facets of the subluxated apophyseal joints 
(Green et al. 1981) (Fig. 12.13). The combination of 
an adequate lateral fi lm and CT scanning is reliable 
in diagnosing these injuries ( Demetriades et al. 
2000). The characteristics of anterior subluxation 
injury are summarized in Table 12.8.

Table 12.7. Flexion injury: fl exion teardrop fracture

Mechanism Sudden and forceful fl exion

Defi nition Avulsion of the anteroinferior 
corner of a vertebral body

Spine level Any level

Stability Unstable

Associated lesions Anterior and posterior liga-
mentous disruption, distorted 
facet joints, spinal cord injury, 
quadriplegia

Radiographic fi ndings Teardrop fracture dislocation 
of the anteroinferior corner of a 
vertebral body, alignment ab-
normalities due to ligamentous 
instability

Management Traction with cervical tongs

Table 12.8. Flexion injury: anterior subluxation

Mechanism Rupture of the posterior liga-
mentous complex in fl exion

Defi nition Anterior subluxation of the 
interfacetal joints

Spine level Any level

Stability Can be unstable in fl exion

Associated lesions No bone injury, rarely neuro-
logic defi cit

Radiographic fi ndings Hyperkyphosis, fanning, dis-
placement of subluxed vertebra, 
anterior and posterior contour 
malalignment in fl exion

Management Cervical tongs, approach this 
potentially unstable because of 
the signifi cant displacement that 
can occur with fl exion

Fig. 12.13. Anterior subluxation. Lateral radiograph. Wid-
ening of the interspinous distance (double-headed arrow), 
partially uncovered facet surface (black arrow), anterior 
displacement of the vertebral body of C2, hyperkyphotic 
angulation at the C2–C3 level
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12.4.4 

Bilateral Facet Dislocation

Bilateral facet dislocation occurs in extreme fl exion 
and anterior subluxation. Pathologically, this injury 
includes a tear of the posterior ligamentous complex, 
the anterior longitudinal ligament, the annulus fi -
brosus, disk herniation, and complete dislocation of 
both facet joints at the level of injury (Vaccaro et al. 
2001). This injury is extremely unstable and is asso-
ciated with a high prevalence of spinal cord injuries. 
Initial management is closed reduction and traction. 

Radiographically, on the lateral projection there is 
at least 50% anterior translation of the injured ver-
tebral body and an anterior dislocation of articular 
masses (Ebraheim et al. 1997) (Fig. 12.14). On the 
AP view, the only abnormal fi nding is a widened 
interspinous distance at the level of injury. MDCT 
shows the body of the dislocated vertebra anterior 
to the uncinate processes and body of the subjacent 
vertebra and the dislocated articular masses ante-
rior to the subjacent masses. MRI is indicated in all 
cases to determine the type and extent of the cord 
injury and to assess for other intraspinal injuries 
(Vaccaro et al. 2001; Leite et al. 1997). The char-
acteristics of bilateral facet dislocation are summa-
rized in Table 12.9.

Table 12.9. Flexion injury: bilateral facet dislocation

Mechanism Hyperfl exion and anterior sub-
luxation

Defi nition Extreme form of anterior sub-
luxation

Spine level Any level

Stability Unstable

Associated lesions Spinal cord injury, disk hernia-
tion

Radiographic fi ndings Anterior displacement of 50% 
or more of one cervical vertebra

Management Closed reduction and traction 
with cervical tongs

Fig. 12.14a–c. Bilateral facet dislocation. Two different pa-
tients. Lateral view radiograph (a) demonstrates 50% anteri-
or slippage of the C5 vertebral body (black arrow), and ante-
rior dislocation of both articular masses of C5 (white arrow). 
CT sagittal reformations (b,c) through the neural foramina 
showing anterior dislocated inferior articular processes of 
C5 ( arrowheads)

a
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12.4.5 

Clay Shoveler’s Fracture

The name of this cervical spine fracture is derived 
from an injury occurring in Australian clay miners 
whereby the head and neck are abruptly pulled in 
hyperfl exion when attempting to throw a shovel full 
of clay from the mine fl oor. Clay shoveler’s fracture 
is an oblique fracture of the base of the spinous pro-
cess, caused by abrupt fl exion of the neck or a direct 
blow to the spinous process or to the occiput, com-
bined with a heavy upper body and lower neck mus-
cular contraction. Since this injury involves only the 
spinous process, this fracture is considered stable, 
and it is not associated with neurologic impairment. 
Management involves only cervical immobilization 
with an orthotic device. Radiographically, this in-
jury is commonly observed on the lateral view as 
an avulsed bony fragment of the spinous process, 
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particularly at the lower cervical levels (Fig. 12.15). 
An AP view is usually of little value, but may oc-
casionally show the fracture line or displaced bony 
fragment. CT is sometimes warranted to exclude 
skeletal injury in the lower cervical spine, since in 
some trauma patients the lower cervical spine is not 
optimally visualized on routine lateral views, thus 
avoiding delay in the patient’s workup and unneces-
sary hospitalization (Tehranzadeh et al. 1994; Lin 
et al. 2003). The characteristics of a clay shoveler’s 
fracture are summarized in Table 12.10.

12.5 
Flexion-Rotation Injuries

12.5.1 

Unilateral Facet Dislocation

A unilateral facet dislocation occurs with hyper-
fl exion in combination with rotation. One inferior 
articular facet of an upper vertebra passes above 
and anterior to the superior articular facet of a lower 
vertebra (so-called “jumped facet”). Although the 
posterior ligaments may be disrupted, this injury is 
mechanically and neurologically stable due to the 
so-called “locked” vertebra: the dislocated inferior 
articular mass is fi xed in the inferior part of the in-
tervertebral foramen between the body and superior 
articular process of the underlying vertebra. De-
pending on the relation of this dislocated inferior ar-
ticular mass to the cervical root in the intervertebral 
foramen, radicular compression is possible. Initial 
management includes cervical traction to attempt a 
closed reduction (Shapiro 1993). Radiographically, 
on the lateral view there is an anterior displacement 
over less than one half the diameter of the vertebral 
body. The AP view may show a disruption of the line 
connecting the spinous processes. The oblique view 
shows a typical disruption of the “shingles on a roof” 

Table 12.10. Flexion injury: clay shoveler’s fracture

Mechanism Abrupt hyperfl exion with lower 
neck muscular contraction or 
direct trauma

Defi nition Base of the spinous process 
fracture

Spine level Lower cervical or upper thoracic

Stability Stable

Associated lesions No neurologic impairment

Radiographic fi ndings Avulsion of posterior aspect of 
spinous process

Management Cervical immobilization with 
orthosis

Fig. 12.15a,b. Clay shoveler’s fracture. a Sagittal MDCT reformation. b Axial MDCT reformation. Oblique fracture of the 
base of the spinous process of C6 (arrows)

a b
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appearance at the level of the involved vertebra. The 
dislocated inferior facet of the upper vertebra is seen 
projecting within the neural foramina (Fig. 12.16). 
This abnormal relationship is best shown on CT 
(Shapiro et al. 1999). Small marginal impaction 
fractures of the articular facet are common, and 
clinically insignifi cant (Fig. 12.16). MRI may assess 
the posterior longitudinal ligament and disk abnor-
malities at the level of the injury ( Halliday et al. 
1997). The characteristics of a unilateral facet dis-
location are summarized in Table 12.11.

Table 12.12. Flexion-rotation injury: rotatory atlanto-axial 
dislocation

Mechanism Flexion along with rotation of 
C1

Defi nition Specifi c type of unilateral 
 atlanto-axial facet dislocation

Spine level Atlanto-axial joint, C1–C2

Stability Unstable

Radiographic fi ndings Asymmetry of the lateral 
masses of C1 with unilateral 
magnifi cation of a lateral mass 
on odontoid view

Management Cervical traction

Table 12.11. Flexion-rotation injury: unilateral facet dislocation

Mechanism Flexion with rotation

Defi nition Posterior ligament disruption 
and unilateral facet dislocation

Spine level Any level

Stability Stable due to locked-in-place 
vertebra

Associated lesions No neurologic impairment

Radiographic fi ndings Anterior displacement of less 
than 50% of one cervical ver-
tebra, rotation of the affected 
vertebra, lateral displacement of 
spinous process

Management Cervical traction

Fig. 12.16. Unilateral facet dislocation. Axial CT image. The 
right inferior articular facet process of C4 (4a) is dislocated 
into the neural foramen, in front of the superior articular 
process of C5 (5a). The uncinate process of C5 (white arrow) 
is also projecting within the neural foramen. Small articular 
process fracture (arrowhead). Dislocated C4 vertebral body 
(4) and spinous process of C4 (4c). The normal facet joint on 
the left side (4b, 5b)

12.5.2 

Rotatory Atlanto-axial Dislocation

Rotatory atlanto-axial injury is a specifi c type of 
unilateral facet dislocation (see also Sect. 12.9.2.). 
This injury is rare in adults and more common in 
children and adolescents (Pang and Li 2004). Sports 
and motor vehicle accidents are the two most com-
mon causes. Radiographically, the odontoid view 
shows an asymmetry of the lateral masses of C1. 
However, since the atlanto-axial joint permits fl ex-
ion, extension, rotation, and lateral bending, radio-
graphic asymmetry may also be produced in healthy 
individuals with asymmetric positioning of the head 
(Tucker and Taylor 1998). To confi rm true dislo-
cation the basilar skull structures should appear 
perfectly symmetric in the presence of the fi ndings 
described above. The AP view shows broadening of 
the lateral mass of the atlas on the side that is rotated 
forward, projecting closer to the midline while the 
opposite lateral mass becomes narrower and turns 
away from the midline. The spinous process of the 
axis is usually tilted in one and rotated in the oppo-
site direction. This injury is unstable because of its 
location. CT may easily demonstrate the displaced 
and rotated atlanto-axial articulation with the use 
of more advanced post-processing techniques such 
as MIP (Fig. 12.17). Associated rupture of the trans-
verse ligament or alar ligaments increases the risk 
of a neurologic injury because the spinal canal can 
be further compromised (Niibayashi 1998; Pang 
and Li 2004). Rotation of 30   of more causes an 
angulation of the contralateral vertebral artery. Be-
yond 45  , the artery may become occluded. The 
characteristics of rotatory atlanto-axial dislocation 
are summarized in Table 12.12.
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12.6 
Extension Injuries

12.6.1 

Hyperextension Dislocation

Although this injury is called hyperextension dis-
location, there is no dislocation on the lateral ra-
diograph. There is a predominant soft tissue injury 
with a characteristic avulsion fracture of the ante-
rior aspect of the inferior endplate of the supraja-
cent vertebra. Mechanically, the impacting force is 
applied directly to the face moving the head and 
neck in a straight posterior direction without ro-

tation. At the time of impact, the involved cervi-
cal segment is posteriorly dislocated compressing 
the spinal cord, possibly with central hemorrhage 
leading to an acute central cervical cord syndrome. 
There is a disruption of the anterior longitudinal 
ligament, posterior longitudinal ligament, and the 
ligamentum fl avum, and a horizontal disruption of 
the annulus and disk (Kiwerski 1993). On the lat-
eral view, a diffuse prevertebral soft tissue swelling 
with normally aligned vertebra and a characteristic 
triangular avulsion fracture fragment are seen. The 
transverse length of the fracture fragment usually 
exceeds its vertical height (Fig. 12.18).

Although MDCT shows the extent of the prever-
tebral soft tissue swelling and the fracture com-

Fig. 12.17a–d. Rotatory atlanto-axial dislocation. a Axial CT image through the atlanto-dental articulation. b Axial CT im-
age through the rotated vertebral body of C2 and the lateral masses of the atlas. c Thick MIP axial projection of C1 and C2 
vertebral bodies. d 14  Rotation of axis. Note the posterior projection of the C2 vertebral foramen (arrows)

a

c

b

d
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ponents and its relation to the adjacent vertebrae, 
MRI is superior in determining the extension of the 
spinal cord injury, and the associated ligamentous 
disruption (Harris and Yeakley 1992). This injury 
is mechanically and neurologically unstable. The 
characteristics of a hyperextension dislocation are 
summarized in Table 12.13.

12.6.2 

Hangman’s Fracture 

(Traumatic Spondylolisthesis of C2)

Although the name of this injury is derived from 
the typical fracture that occurs after hangings, it 
is commonly caused by motor vehicle accidents, 
diving accidents, and falls. It consists of bilateral 
fractures through the pedicles of C2 due to a com-
bination of axial loading and hyperextension forces 
(Fielding et al. 1989). This injury is the second most 
common fracture of C2 (after odontoid fractures) 
and it is usually bilateral, but rarely symmetrical. 
Hangman’s fractures are classifi ed into three types 
(Effendi et al. 1981). The pathology in all three 
types involves fracture of the pars interarticularis 
(pedicle) of C2, with variable C2 on C3 displacement. 
Radiographically, the AP view has limited value. On 
the lateral radiograms; type-I injuries show bilateral 
C2 pedicle fractures with minimal displacement of 
the body of C2. Besides the anteriorly displaced body 
of C2, type-II injuries show signs of a disrupted 
C2–C3 disk, and more than 3 mm displacement 
of C2. Additionally, there is an angulation of the 
odontoid process. Type-III injuries show all signs 
of type-II injuries and additionally bilateral C2–C3 
interfacetal dislocation due to rebound fl exion. The 
angulation is also much more severe in type-III frac-
tures. In type-I and type-II, CT helps to confi rm 
the fractures, and detects possible associated cervi-
cocranial fractures (Fig. 12.19). In type-III injuries 
CT demonstrates the bony fragments within the 
spinal canal, the facet dislocation, and the interfac-
etal relations by use of 3D reconstructions (Mirvis 
et al. 1987). Since all types of Hangman’s fractures 
may be associated with a prevertebral hematoma 
and ligamentous or muscle injury, MRI is helpful 
in detecting such soft-tissue injuries, as well as pos-
sible spinal cord injury ( Forsberg et al. 1990). Since 
the AP diameter of the spinal canal is at its largest 
at the level of C2, and since the fractured pedicles 
allow “auto-decompression” type-I and type-II in-
juries are neurologically stable, with sparing of the 
spinal cord, and both can be managed with a cervi-
cal orthosis. A type-II injury, however, is mechani-
cally unstable, because of the C2–C3 disk lesion. 
A type-II injury, because it is associated with unilat-
eral or bilateral facet dislocation, is neurologically 
unstable and requires cervical traction, arthrodesis, 
and/or pedicle screw fi xation (Greene et al. 1997). 
The characteristics of hangman’s fractures are sum-
marized in Table 12.14.

Table 12.13. Extension injury: hyperextension dislocation

Mechanism Hyperextension with face 
trauma

Defi nition Avulsion fracture of the anterior 
aspect of the inferior end-plate, 
cord injury

Spine level Any level

Stability Unstable

Associated lesions

Radiographic fi ndings Prevertebral soft tissue swell-
ing. Triangular anterior avulsion 
fracture, spinal cord injury, hem-
orrhage, and ligamentous injury

Management Cervical traction

Fig. 12.18. Hyperextension dislocation. Lateral view radio-
graph. A triangular shaped fracture (white arrow) at the 
anteroinferior edge of the C6 vertebral body, with a greater 
transverse length than height. The C6 vertebral body is dis-
located posteriorly (black arrow)
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12.6.3 

Extension Teardrop Fracture

As with fl exion teardrop fractures, this injury also 
presents with a bony fragment displaced anteroin-
ferior of the vertebral body (Stabler et al. 2001). 
In a hyperextension teardrop fracture, the frag-
ment is a true avulsion due to the rupture of the 
anterior longitudinal ligament, in contrast to the 
fl exion teardrop fracture in which the fragment 
is produced by vertebral compression. The frac-
ture is commonly associated with diving accidents 
and can occur at any level, but is usually seen at 
the lower cervical vertebrae, associated with a hy-
perextension dislocation. Most patients have no 
neurologic impairment. Radiographically, the AP 
view has limited value. Lateral radiograms show 
a triangular bony fragment at the anteroinferior 
aspect of the vertebra. CT is usually not required, 
except in cases of massive prevertebral hematoma 
(Fig. 12.20). The differentiation of this fracture 
from the hyperextension dislocation is based on 
the dimensions of the triangular bony fragment. 
In extension teardrop fractures, the transverse axis 
of the avulsed bony fragment is equal to its height. 
MRI is necessary in young adults to exclude spinal 
cord injury. The injury is normally mechanically 
and neurologically stable in elderly patients. In 

Table 12.14. Extension injury: hangman’s fracture (traumat-
ic spondylolisthesis of C2)

Mechanism Axial loading with hyperexten-
sion in type I, additionally re-
bound fl exion in type II, primary 
fl exion with rebound extension 
in type III

Defi nition Bilateral fractures through the 
pedicles of C2 in all three types, 
minimal displacement (<3 mm) 
and no angulation in type I, 
more (>3 mm) displacement and 
angulation in type II, and associ-
ated facet dislocation in type III

Spine level C2

Stability Stable unless associated with 
unilateral or bilateral facet dis-
location

Associated lesions Neurological complications if 
associated with facet dislocation 
or spinal cord injury

Radiographic fi ndings Bilateral pedicle fractures of C2 
with or without anterior sublux-
ation, disk lesions, unilateral or 
bilateral facet dislocation

Management Cervical orthotic device if no 
facet dislocation, otherwise 
 traction

Fig. 12.19a,b. Hangman fracture, type II. a Axial CT images through C2. Fracture lines through both pedicles. There is an 
extension of the fracture line through the left foramen transversarium (arrow). b Sagittal CT reformation. Slight anterior 
displacement and angulation of the body of the axis

a b
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young adults, extension teardrop injuries may be 
mechanically unstable in the lower cervical spine, 
but 80% are neurologically unstable (Lee et al. 
1997). The characteristics of extension teardrop 
fractures are summarized in Table 12.15.

12.6.4 

Fracture of the Posterior Arch of C1 

(Posterior Neural Arch Fracture)

This fracture occurs when the head is hyperextended 
and the posterior neural arch of C1 is compressed 
between the occipital bone and the spinous process 
of C2. The transverse ligament and the anterior arch 
of C1 are not involved, making this fracture stable, 
and management with a cervical orthosis is suffi -
cient (Lee et al. 1998). Radiographically, the lateral 
view shows a fracture line through the posterior 
neural arch. Initial management involves the dif-
ferentiation of this benign fracture from a Jefferson 
fracture (Fowler et al. 1990). The odontoid view 
fails to show any displacement of the lateral masses 
of C1, a fi nding that distinguishes this fracture from 
a Jefferson fracture. MDCT can easily distinguish 
this fracture from a Jefferson fracture (Fig. 12.25) 
and MRI is usually not necessary. Patients with a 
posterior arch fracture of C1 are usually elderly 
and have degenerative changes in the lower cervi-
cal spine. They are usually associated with fractures 
elsewhere in the cervical spine (Fowler et al. 1990). 
Congenital developmental anomalies of the poste-
rior neural arch may mimic a fracture (Currarino 
et al. 1994). The characteristics of the posterior arch 
fracture of C1 are summarized in Table 12.16.

Table 12.15. Extension injury: extension teardrop fracture

Mechanism Sudden hyperextension, diving 
accidents

Defi nition Displaced bony fragment from 
the anteroinferior aspect of the 
vertebra

Spine level Any level, usually lower cervical

Stability Stable in elderly and neurologi-
cally unstable in young adults

Associated lesions Central cord injury due to 
buckling of the ligamenta fl ava 
into spinal canal in young 
adults

Radiographic fi ndings Displaced anteroinferior bony 
fragment

Management Cervical traction, avoid iatro-
genic extension

Fig. 12.20. Extension teardrop fracture. Sagittal CT recon-
struction. A triangular bony fragment at the anteroinferior 
edge of the C2 vertebral body (arrow). Vertical height and 
transverse axis are equal. Note the extensive prevertebral 
hematoma ( arrowheads)

Table 12.16. Extension injury: fracture of the posterior arch 
of C1

Mechanism Hyperextension and compres-
sion of the posterior arch of C1

Defi nition Posterior arch of C1 fracture 

Spine level C1

Stability Stable

Associated lesions No ligamentous involvement (in 
contrast to Jefferson’s fracture)

Radiographic fi ndings Fracture line through the pos-
terior arch on lateral view, no 
associated displacement of the 
lateral masses of C1 on odon-
toid view

Management Cervical orthosis
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12.6.5 

Avulsion Fracture of the Anterior Arch of C1

The anterior arch of C1 fracture is caused by hyper-
extension resulting in forces on the anterior atlanto-
dental ligament, which inserts on the inferior edge 
of the anterior arch. When isolated these anterior 
arch fractures are avulsion fractures of the anterior 
portion of the ring and have a low morbidity rate 
(Fowler et al. 1990). This injury is mechanically 
and neurologically stable (Lee et al. 1998). Radio-
graphically, on the lateral view a fracture line may 
be seen (Fig. 12.21). The normal developmental 
anomalies and synchondroses of C1 should not be 
misdiagnosed as a fracture (Lustrin et al. 2003). 
The C1 vertebra is formed from three primary ossi-
fi cation centers: the anterior arch and the two neural 
arches. The anterior arch ossifi es by 1 year of age. 
The neural arches, which form the posterior ring 
when fused, appear around the 7th fetal week and 
fuse with the anterior arch by age 7.

12.6.6 

Laminar Fracture

Isolated laminar fractures of the cervical spine are 
uncommon and usually occur after a hyperexten-
sion injury due to a direct trauma such as a gunshot 
(Makan 1999). They may also be associated with 
fl exion teardrop fractures and occur predominantly 
at the level of C5 (Kim et al. 1989). Radiographically, 

the AP view has limited value. The lateral radiogram 
shows a simple or comminuted fracture of one or 
both laminae (Fig. 12.22) (Makan 1999). MDCT is 
necessary to evaluate the extension of the fracture 
and the relation of the fragments to the spinal canal. 
MRI is only indicated with fragments in the spinal 
canal or in cases of neurologic defi cit (Fig. 12.23). 
This injury is mechanically stable, but neurologic 
stability depends on the location of bony fragments 
in the spinal canal.

Fig. 12.21. Isolated anterior arch fracture of C1. Axial 
CT image showing a fracture through the anterior 
arch of C1 (arrow)

Fig. 12.22. Laminar fracture. Oblique view radiograph. The 
fracture line (arrow) is confi ned to the lamina
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12.7 
Hyperextension and Lateral Rotation Injuries

12.7.1 

Pillar Fracture

Pillar fractures are vertical fractures limited 
to one articular mass and mostly caused by si-
multaneous hyperextension and lateral rotation 
( Shanmuganathan et al. 1996). Less frequently 
they may caused by hyperextension and distraction. 
Pillar fractures are diffi cult to visualize on AP and 
lateral views, unless they are displaced. An AP view 
may show the disruption of the lateral column due 
to the lateral displacement of a fragment, and the 
vertical or oblique fracture line may also be visible. 
CT, particularly with the use of 3D reconstructions, 

Fig. 12.24. Pillar fracture. Axial CT image. The fracture line 
(white arrow) is confi ned to the articular mass. Note the uni-
lateral facet subluxation (black arrow)

Fig. 12.23a–c. Laminar fracture. a Axial CT, bone window. The fracture line (white arrow) is confi ned to the lamina and 
the articular mass. b Axial CT image, soft-tissue window. Epidural hemorrhage compressing the dural sac (black arrow). c 
Sagittal T2-weighted MR image. Extensive epidural hemorrhage with secondary medullary compression (arrowheads)

a
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confi rms the diagnosis (Fig. 12.24). Patients may 
show a neurologic defi cit including spinal cord in-
jury or radiculopathy. MRI may be used to evaluate 
the integrity of the facet region, interspinous liga-
ment, anterior longitudinal ligament, and posterior 
longitudinal ligament ( Halliday et al. 1997).

12.7.2 

Pediculolaminar Fracture–Separation

Pedicolaminar fracture–separation is a combina-
tion of a ligamentous and osseous injury, caused by 
hyperextension in rotation. This mechanism prob-
ably results in a fracture of the subjacent inferior 
articular mass hit by the articular mass of the verte-
bra above, and fi nally ending with separation of the 
fractured component (Argenson et al. 1988). The 
AP view may show lateral displacement of the frac-
tured articular mass. The lateral radiogram classi-
cally shows the “double line appearance” produced 
by the two articular processes, and the fracture 
component. The involved articular mass becomes a 
separate fragment rotated anteriorly and displaced 
posteriorly. MDCT is necessary to confi rm the diag-
nosis and further evaluate the fracture components. 
MRI is only indicated when neurologic signs are 
present. In 40% of cases, the fracture–separation of 
the articular complex is associated with neurologi-
cal defi cits (Argenson et al. 1988).

12.8 
Vertical (Axial Load) Compression Injuries

12.8.1 

Jeff erson’s Fracture 

(Burst Fracture of the Ring of C1)

As originally described by Jefferson, this fracture is 
caused by vertical compression transmitted through 
the occipital condyles to the lateral masses of C1 re-
sulting in bilateral fractures of both the anterior and 
posterior arches of C1 (Guiot and Fessler 1999). The 
combination of one or more fractures of both the ante-
rior and posterior arch of C1 can be classifi ed as a Jef-
ferson fracture (Hays and Alker 1988). Displacement 
of the lateral masses may result in either disruption 
of the transverse ligament or an avulsion fracture of 
one of the lateral masses of C1. More than 6.9 mm dis-
placement of the lateral mass of C1 over C2 on AP view 
indicates a transverse atlantal ligament rupture and 
requires more rigid immobilization (Hadley et al. 
1988a). Radiographically, the open-mouth view shows 
unilateral or bilateral displacement of the lateral artic-
ular masses of C1 with respect to the articular pillars 
of C2. There is a widening of the lateral atlanto-dental 
intervals. This fi nding differentiates it from a simple 
fracture of the posterior arch of C1. The lateral radio-
gram shows a bilateral fracture of the posterior arch of 
C1 and the paravertebral soft tissue edema (Fig. 12.25) 

Fig. 12.25a,b. Jefferson’s fracture. a Lateral view radiograph. Bilateral posterior arch C1 fractures (white arrows), posterior 
displacement of C1, and type-II dens fracture. b Axial CT image. Bilateral anterior arch of C1 fracture (arrowheads), dis-
placement of the C1 lateral mass and widened lateral atlantodental interval (white arrow)

a b
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(Kesterson et al. 1991). MDCT is necessary to de-
tect an anterior arch fracture and possible avulsion 
fracture of the lateral masses (Fig. 12.25) (Koivikko 
et al. 2004a). MRI can be helpful to detect a possible 
ligamentous injury. This injury is mechanically un-
stable. The characteristics of a Jefferson’s fracture are 
summarized in Table 12.17.

12.9 

Craniocervical Injuries

Injury to the upper cervical spine (occipital bone 
to C2) occurs frequently in fatal motor vehicle ac-
cidents, particularly among pedestrians and mo-
torcyclists (Tepper et al. 1990). Likely mechanisms 
include violent distractive hyperfl exion or hyperex-
tension with or without associated rotation. These 
injuries are considered unstable because of their lo-
cation. Nevertheless, since the diameter of the spinal 
canal is greatest at the level of C2, spinal cord injury 
from compression is not frequent. Common injuries 
include fracture of the atlas, atlanto-axial sublux-
ation, odontoid fracture, and hangman’s fracture. 
Less common injuries include occipital condyle 
fracture, atlanto-occipital dislocation, atlanto-axial 
rotary subluxation, and C2 lateral mass fracture. 
Some of these injuries are already discussed ear-
lier in this chapter. In this section, we will discuss 
the craniocervical injuries related rather to their 
anatomical location than the mechanism of injury. 
Table 12.19 summarizes the criteria for suspecting 
cervicocranial junction instability on the basis of 
the imaging fi ndings (radiography, CT, or MRI) 
(Tuli et al. 1997).

Table 12.18. Vertical compression injury: burst fracture of 
the vertebral body

Mechanism Vertical compression force 
transmitted to lower levels in 
the cervical spine

Defi nition Disruption of vertebral body

Spine level Lower cervical

Stability Usually stable, unstable if asso-
ciated lesions occur

Associated lesions Loss in height of more than 
25%, retropulsion, or neuro-
logic defi cit

Radiographic fi ndings Vertical fracture line in AP 
view, protrusion or retropulsion 
of the vertebral body, required 
CT or MR

Management Cervical traction when unstable

Table 12.17. Vertical compression injury: Jefferson’s frac-
ture

Mechanism Vertical compression transmit-
ted through the occipital con-
dyles to the lateral masses of C1

Defi nition Bilateral burst fracture of the 
anterior and posterior neural 
arches of C1 and transverse 
ligament disruption

Spine level C1

Stability Unstable

Associated lesions Paravertebral soft tissue edema, 
neurologic injury when com-
plete disruption of transverse 
ligament

Radiographic fi ndings Displaced lateral masses of C1 
on odontoid view, predental 
space more than 3 mm

Management Immediate cervical traction

12.8.2 

Burst Fracture of the Vertebral Body

During vertical downward compression an abrupt 
increase in pressure within the disk space may cause 
explosive shift of the nucleus pulposus into the ver-
tebral body through the endplates. This will result 
in bursting of the vertebral body (Bozic et al. 1994). 
The bony fragments may impinge on the spinal ca-
nal and cause anterior cord compression. Radio-
graphically, the AP view may show a vertical frac-
ture line of the endplates and the lateral view shows 
a biconcave vertebral body due to fractures of the 
endplate, (Fig. 12.26) (Clark et al. 1988). A prever-
tebral soft tissue swelling is common. CT and MRI 
are required to document the exact displacement of 
the fractured bony components, retropulsed frag-
ments, and their relationship to the spinal cord, as 
well as any spinal cord lesions (Fig. 12.26) (Bensch 
et al. 2004). This injury is mechanically unstable and 
neurologically stable unless in the presence of cord 
symptoms. More than 25% loss of vertebral height, 

retropulsion, and neurologic defi cit require cervical 
traction and fi xation. The characteristics of burst 
fractures of the vertebral body are summarized in 
Table 12.18.
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Fig. 12.26a–d. Burst fracture of the vertebral body. a Lateral view radiograph. b AP view radiograph. c Axial CT image. d 
Sagittal T2-weighted MR image. Vertical fracture line of the C4 vertebral body on the AP view (arrowheads). Slight medul-
lary signal increase on T2-weighted image corresponding to spinal cord edema (arrow)
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12.9.1 

Atlas (C1) Fractures

Fractures of the atlas are classifi ed into fi ve types 
(Levine and Edwards 1991):

Type I: Isolated bony apophysis fracture (extra-
articular transverse process fracture)
Type II: Isolated posterior arch fracture
(see Sect. 12.6.4)
Type III: Isolated anterior arch fracture
(see Sect. 12.6.5)
Type IV: Comminuted lateral mass fracture 
(Fig. 12.27)
Type V: Jefferson burst fracture (see Sect. 12.8.1)

�

�

�

�

�

dence of atlas fractures is 2%–13% of all acute cer-
vical spine fractures (Hadley et al. 1988b; Levine 
and Edwards 1991). Combined fractures of C1 and 
C2 account for 4%–15% of all cervical fractures 
(Greene et al. 1997; Gleizes et al. 2000; Ryan and 
 Henderson 1992). In comminuted lateral mass frac-
tures, radiographically, asymmetric displacement 
of the lateral mass from the rest of the vertebra is 
seen in the odontoid view (Fig. 12.27). This fracture 
has a low morbidity rate and has only little clinical 
signifi cance. Neurological injury following isolated 
atlas fractures is very rare. The characteristics of at-
las fractures are summarized in Table 12.20.

Table 12.19. The criteria for craniocervical junction instabil-
ity based on imaging fi ndings

1) >8° Axial rotation of the atlanto-occipital joint

2) >45° Axial rotation of the atlanto-axial joint

3) >6 mm Displacement of the basion-dens interval

4) >6 mm Overhanging of the atlas on the axis

5) >4 mm Predental space

6) >3 mm Distance between the posterior contour of the 
dens and the anterior contour of the posterior arch of 
the atlas

 

Fig. 12.27. Bilateral comminuted lateral mass fractures of C1. 
Open-mouth odontoid view showing bilateral lateral mass 
fractures (arrows)

Atlas fractures are already discussed in previ-
ous sections: extension injuries (anterior and pos-
terior arch fractures of C1), and vertical (axial load) 
compression injuries (Jefferson fracture). The inci-

Table 12.20. Craniocervical injury: atlas (C1) fractures

Mechanism Impaction of the occipital con-
dyles on the atlas

Defi nition Single or multiple fractures 
around the ring of C1

Spine level C1

Stability Types I, II, IV stable, type III 
unstable if displaced, type-V 
(Jefferson fracture) unstable if 
transverse ligament disruption

Associated lesions Neurologic impairment with 
type IV fracture, C2 and addi-
tional non-contiguous cervical 
fractures

Management Cervical orthosis for stable 
fractures and cervical traction 
when unstable

12.9.2 

Anterior Atlanto-axial Subluxation

There are two types of atlanto-axial subluxation: ro-
tatory atlanto-axial subluxation (Sect. 12.5.2.) and 
anterior dislocation of C1.

12.9.2.1 

Anterior Dislocation of C1

Under normal circumstances, hyperfl exion is lim-
ited by the tectorial membrane and hyperextension 
by the anterior arch of C1 hitting against the odon-
toid process. The alar ligaments limit excessive 
rotational movement. When fl exion occurs with-
out a lateral or rotatory component at the upper 
cervical level, it may cause an anterior dislocation 
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of the atlanto-axial joint if the transverse ligament 
is disrupted (Carroll et al. 2001; Deliganis et 
al. 2000), as is seen in cases of acceleration-decel-
eration injuries where the skull grinds the C1–C2 
complex in fl exion. The atlas-dens distance is de-
fi ned as the distance between the posterior edge 
of the anterior arch of C1 and the anterior edge of 
the odontoid process. The maximal normal dis-
tance between the atlas and the dens is 3.5 mm 

in adults and 4.5 mm in children. This should be 
measured on a lateral view (Fig. 12.28). The trans-
verse ligament limits anterior translation of C1 on 
C2. When the transverse ligament ruptures, and 
the alar ligaments are intact, there will usually 
be less than 5 mm of movement. When both alar 
and transverse ligaments are ruptured, the ante-
rior translation can be more than 5 mm. In some 
pathologies, such as Down syndrome, congenital 
skeletal dysplasias, Marfan syndrome, and chronic 
infl ammatory disease (rheumatoid arthritis), there 
is a higher theoretical risk of subluxation due to 
increased atlanto-axial laxity. Since the transverse 
ligament is the main stabilizing element of the 
atlanto-axial joint, this injury is unstable. Neu-
rologic injury may occur from cord compression 
between the odontoid and the posterior arch of C1. 
CT should be used to confi rm the diagnosis, and to 
further defi ne injuries to the bony elements. MRI 
fi ndings include prevertebral soft tissue swelling, 

Table 12.21. Craniocervical injury: anterior atlanto-axial 
subluxation

Mechanism Flexion without lateral or rota-
tory component at the upper 
cervical level, frequently occurs 
in patients with Down syn-
drome, rheumatoid arthritis

Defi nition Anterior atlanto-axial joint 
dislocation, transverse ligament 
disruption

Spine level C1

Stability Unstable

Associated lesions Cord compression

Radiographic fi ndings Asymmetric lateral bodies on 
odontoid view, increased pre-
dental space, requires CT

Management Fusion of C1 and C2 when 
signifi cant dislocation

Fig. 12.28. Anterior atlanto-axial subluxation. Lateral view 
 radiograph shows an increased atlanto-dens interval

interspinous or nuchal ligament edema, facet ef-
fusion, or facet displacement. If the luxation is 
less than 5 mm, cervical orthosis is suffi cient to 
allow for reasonable ligamentous reconstitution. 
If it is 6 mm or more, posterior fi xation of C1 and 
C2 is needed. The characteristics of atlanto-axial 
subluxation are summarized in Table 12.21.

12.9.3 

Atlanto-axial Distraction

Atlanto-axial distraction is a severe form of at-
lanto-axial dislocation resulting from extension and 
distraction forces. This injury is characterized by 
disruption of the articular capsules, alar ligaments, 
transverse ligament, tectorial membrane between 
C1 and C2, and a type-I odontoid process fracture 
(Adams 1992). Radiographically, prevertebral soft 
tissue swelling, C1–C2 dislocation or subluxation, 
and widening of the C1–C2 apophyseal joints can be 
observed on conventional radiograms, as well as on 
CT. MRI fi ndings include prevertebral and interspi-
nous ligamentous edema, apophyseal joint edema 
and widening, possible epidural hematoma, and spi-
nal cord edema (Deliganis et al. 2000). Although 
most distraction injuries of the cervical spine are at 
the level of C1–C2, these can also be encountered at 
the lower cervical levels (Fig. 12.29).
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12.9.4 

Atlanto-occipital Dislocation and Distraction

Flexion of the atlanto-occipital joint is limited by 
contact between the anterior lip of the foramen mag-
num and the odontoid process. The tectorial mem-
brane limits extension, while the alar ligaments limit 
lateral fl exion. Atlanto-occipital dislocation is char-
acterized by complete disruption of all ligamentous 
relationships between the occiput and the atlas with 
severe fl exion or extension (Deliganis et al. 2000). 
Death usually occurs immediately due to stretching 
of the brainstem. In fatal cases of atlanto-occipital 
distraction, the most common spinocerebral injuries 
include lacerations of the pontomedullary junction, 
contusion or laceration of the caudal medulla and 
rostral spinal cord, and stretching or laceration of 
the midbrain. Subarachnoid hemorrhage is common 
but may be minimal. Subdural hemorrhage may also 
be seen (Adams 1992). Vasospasm and dissection of 
the internal carotid and vertebral arteries have been 
documented at angiography in several survivors of 
atlanto-occipital distraction who did not have sig-
nifi cant injuries to the spinal cord or brainstem 
(Lee et al. 1991). Radiographically, disassociation 
between the base of the occiput and the arch of C1 
is observed. The displacement of the cranium with 
respect to the atlas may be anterior, posterior, or 
longitudinal. CT is usually not necessary since the 

lesion is obvious on lateral radiograms as a separa-
tion of the atlas from the occipital condyles. MRI is 
required to assess soft tissue lesions and to evaluate 
the brainstem and/or spinal cord injury. Vascular 
injuries can be evaluated on CT or MR angiography 
(Weller et al. 1999). A traumatic atlanto-occipital 
dislocation is extremely unstable mechanically, as 
well as neurologically, and is usually fatal at the ac-
cident scene. In patients with these injuries, cervical 
traction is contraindicated, since further stretching 
of the brainstem may occur. Halo immobilization 
is required for 10–12 weeks. If instability persists, 
internal fi xation with posterior occipito-cervical fu-
sion is required. The characteristics of atlanto-oc-
cipital dislocation and distraction are summarized 
in Table 12.22.

Fig. 12.29. Cervical distraction injury. Lateral view radio-
graph

Table 12.22. Craniocervical injury: atlanto-occipital disloca-
tion and distraction

Mechanism Severe fl exion or extension at 
the upper cervical spine

Defi nition Disruption of all ligamentous 
relationships between the oc-
ciput and C1

Spine level C1

Stability Unstable

Associated lesions Stretching brainstem, respira-
tory arrest

Radiographic fi ndings Dissociation between the base 
of the occiput and the arch of 
C1

Management Cervical traction is 
contraindicated, halo 
immobilization or fusion 
required

12.9.5 

Odontoid Process Fractures

Odontoid fractures are the most common fractures 
of C2, and account for about 75% of all cervical 
spine fractures in children (Hadley et al. 1985). 
It is more common in males and is mostly seen in 
individuals less than 40 years of age. A total of 40% 
are associated with head injuries and 15%–20% with 
additional cervical spine injuries. Severe fl exion, ex-
tension, and rotational forces can cause odontoid 
fractures. Most are due to hyperfl exion, producing 
anterior displacement (Kokkino et al. 1996). Many 
of the signs and symptoms are non-specifi c, includ-
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ing poorly localized pain posterior and superior 
in the neck region, headaches, and neck stiffness. 
Occipital neuralgia can occur. Traditionally, frac-
tures of the dens have been classifi ed according to 
the scheme proposed by Anderson and D’Alonzo 
(2004) (Hadley et al. 1988a):

Type I: Avulsion fracture of the tip of the dens at 
the insertion site of the alar ligaments (Fig. 12.30). 
Although this injury is mechanically stable, plain 
fi lms and/or CT are used to rule out or confi rm 
associated atlanto-occipital dislocation.
Type II: A fracture at the junction between 
the odontoid process and the body of the axis 
(Fig. 12.31). This is the most common type of 
odontoid fracture and is associated with a high 
prevalence of non-union due to limited vascular 
supply. Therefore, this lesion is unstable.
Type IIA: Similar to type II but with fragments of 
bone present at the fracture site (Fig. 12.32).
Type III: A fracture that extends down into the 
body of the axis (Fig. 12.33). This fracture is also 
stable.

Radiographically, AP, open-mouth odontoid 
view, and lateral radiograms are needed. Plain ra-
diography is important for demonstrating indirect 
signs rather than the fracture itself (Ehara et al. 

�

�

�

�

1992). The use of CT may be helpful in demonstrat-
ing the plane of the fracture line, as well as the de-
gree of comminution. Both sagittal and coronal CT 
reconstructions often delineate the fractures more 
precisely than plain radiographs. MRI has a limited 
role in evaluating patients with odontoid fractures 
without neurological injuries. However, evaluation 
of the integrity of the ligaments, particularly the 
transverse ligament, associated soft tissue lesions, 
and assessment of the brainstem and spinal cord 
is done using MRI. Generally, the interval between 
the dens and the anterior arch of C1 is preserved in 
all dens fractures. Several anatomic variants such 
as an os odontoideum, an ossiculum terminale, hy-
poplasia or aplasia of dens, congenital non-union, 
or non-union of a previous fracture can mimic an 
acute fracture of the odontoid process (Fig. 12.1). 
In management, types I and III usually do not re-
quire fusion, and cervical orthosis can achieve the 
reduction. In type-II lesions, several factors are 
important in the surgical decision-making, such as 
patient age, bone fragment displacement, and the 
age of the fracture. The following absolute indica-
tions are recommended for surgery: age older than 
7 years, displacement of more than 6 mm, instability 
in halo immobilization, and non-union (Koivikko 
et al. 2004b). The characteristics of odontoid process 
fractures are summarized in Table 12.23.

Fig. 12.30a,b. Odontoid fracture: type I. a Sagittal CT reformation. b CT, shaded surface display. Coronal, posterior view 
after removal of the posterior arches

a b
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Fig. 12.31a–d. Odontoid fracture: type II. a Axial CT image. b Sagittal CT reformation. c Lateral view radiograph. d CT, 
volume rendering. Coronal, posterior view

a

c

b

d

Fig. 12.32a,b. Odontoid fracture: type IIa. a Sagittal CT reformation. b Axial CT image. Fracture at the base of the odontoid 
process (arrows) with small bony fragments (arrowhead)

a b
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12.9.6 

Occipital Condyle Fractures

The occipital condyles are the prominences of the 
paired lateral occipital segments of the occipital 
bone. The occipital condyles, together with the ba-
sioccipital segment anteriorly and the squamosal 
segment posteriorly, form the foramen magnum 
( Lustrin et al. 1994). The occipital condyles are in 
close proximity to the medulla oblongata, the ver-

tebral arteries, the jugular foramen, and the lower 
cranial nerves ( Lustrin et al. 1994; Weber and 
McKenna 1994). Within the base of each occipital 
condyle lie the hypoglossal canals through which 
pass the hypoglossal nerve, a meningeal branch of 
the ascending pharyngeal artery, and an emissary 
vein. A displaced fragment due to a condylar frac-
ture may involve the hypoglossal canal, the medulla 
oblongata, and/or vascular structures. Cranial nerve 
palsy may not be present immediately but may mani-
fest months after trauma, possibly as a result of frag-
ment migration or callus formation (Orbay et al. 
1989; Demisch et al. 1998) (Fig. 12.34). The two most 
important ligamentous structures for the stability of 
this region are the tectorial membrane and the alar 
ligaments. Occipital condyle fractures are caused by 
a combination of vertical compression and lateral 
bending. Occipital condyle fractures may be classi-
fi ed as impaction fractures, extensions of occipital 
skull fractures, or avulsion fractures at the insertion 
of the alar ligaments (Anderson and  Montesano 
1988). The latter are potentially unstable fractures, 
particularly if displaced (Tuli et al. 1997) and when 
associated with tectorial membrane injury can result 
in gross atlanto-occipital discontinuity. Occipital 
condyle fractures may be unilateral or bilateral, may 
extend in a ring-like pattern around the foramen 
magnum, and are extremely diffi cult to identify on 
conventional radiographs (Bloom et al. 1997).

The most widely used classifi cation system for 
condylar fractures recognizes three types, depend-
ing on the morphology of the fracture and mecha-
nism of injury (Anderson and Montesano 1988).

Table 12.23. Craniocervical injury: odontoid process fractures

Mechanism Hyperfl exion, hyperextension, 
and rotational forces

Defi nition Type I: avulsion of the tip of the 
dens (5%–8%)

Type II: fracture at the base of 
the dens (54%–67%)

Type III: fracture extending into 
the body of the axis (30%–33%)

Spine level C2 

Stability Type I and III are usually stable, 
and type II highly unstable

Associated lesions Nonunion in type II, cord injury 
when fracture displaced

Radiographic fi ndings Type I is diffi cult to see on plain 
fi lms, may require CT if high 
clinical suspicion

Management Cervical orthosis for type I and 
III, and cervical traction for 
type II

Fig. 12.33a,b. Odontoid fracture: type III. a Sagittal CT reformation. b Coronal CT reformation. Fracture extending into the 
body of C2 (arrow and arrowheads)

a b
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Type I: This is an impaction fracture resulting in 
a comminution of the occipital condyle, with pos-
sible minimal fragment displacement (Fig. 12.35). 
The mechanism of injury is usually an axial load-
ing of the skull onto the atlas, similar to a Jeffer-
son fracture of the atlas, with or without lateral 
bending. It is considered a stable entity because 
the tectorial membrane and the contralateral alar 
ligament are intact (Bloom et al. 1997).
Type II: This type is a more extensive basilar skull 
fracture, involving one or both occipital condyles 
(Fig. 12.36). The mechanism of injury is a direct 
blow to the skull. An intact tectorial membrane 
and alar ligaments preserve stability.
Type III: This is an unstable avulsion fracture near 
the alar ligament attachment resulting in medial 
displacement of the occipital condyle bone frag-
ment into the foramen magnum (Mann and Cohen 
1994). The mechanism of this injury is forced rota-
tion, usually combined with lateral bending, caus-
ing a partial or complete tear of the contralateral 
alar ligament and tectorial membrane (Dickman 
et al. 1991). The inferior portion of the clivus may 
also be disrupted (Jones et al. 1990) (Fig. 12.37).

Radiographically, these lesions are diffi cult to de-
lineate and both AP and lateral radiograms may fail 
to demonstrate occipital condyle lesions because of 
the bony superimposition. CT is the method of choice 

�

�

�

for the diagnosis of condylar fractures. Cranial CT 
including the cervicocranium should be performed 
(Cornelius and Leach 1995). MDCT with two-di-
mensional multiplanar reformations are strongly 
recommended for the most accurate assessment of 
this type of fracture and the degree of craniocervi-
cal displacement (Wasserberg and Barlett 1995). 
MR imaging does not show additional diagnostic 

Fig. 12.35. Condylar fracture: type I, minimal displacement 
type. Axial CT image. Condylar fracture with minimal dis-
placement of the fragment (arrow)

Fig. 12.34a,b. Condylar fracture, callus forming. a Axial T2-weighted MR image. b Axial 3D T2-weighted CISS image. Slight 
compression of the medulla oblongata due to a fracture of the condylar process with secondary callus formation (arrows)

a b
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information concerning the fracture or dislocation, 
but is recommended to evaluate associated soft tis-
sue injuries. The application of MR imaging in the 
assessment of ligamentous structures is well estab-
lished and continually increasing (Schweitzer et 
al. 1992; Dickman et al. 1996). MR imaging is ex-
tremely valuable for the evaluation of the fractured 
segment in relation to the surrounding structures, 
such as cerebrospinal fl uid spaces, brainstem, and 

neurovascular structures. Type-I and -II condylar 
fractures are considered stable injuries, because the 
tectorial membrane and the contralateral alar liga-
ment are not disrupted (Anderson and  Montesano 
1988; Young et al. 1994). Therefore, these injuries 
are typically treated conservatively, by orthotic im-
mobilization alone, and most heal uneventfully. 
Due to ligamentous disruption, type-III injuries are 
potentially unstable, and may require rigid cervical 
orthosis to prevent neurologic compromise (Young 
et al. 1994). The need for surgical therapy is contro-
versial. Most believe surgery may be indicated for 
neurovascular decompression and/or stabilization 
(Bozboga et al. 1992; Young et al. 1994; Leventhal 
et al. 1992). The characteristics of condylar fractures 
are summarized in Table 12.24.

Table 12.24. Craniocervical injury: occipital condyle frac-
tures

Mechanism Combination of axial loading, 
rotation, and lateral bending

Defi nition A comminuted compression 
fracture or an avulsion of the 
occipital condyle

Spine level Occipital condyles

Stability Type I, II stable, type III un-
stable

Associated lesions Head trauma, cranial nerve 
defi cits, medulla oblongata 
injury

Radiographic fi ndings Diffi cult to see on plain fi lm, 
CT and MRI required

Fig. 12.37a,b. Condylar fracture: type III, unstable type. a Axial CT image. b Sagittal CT reformation. Multiple condylar 
fractures (arrows) extending to the clivus (arrow)

a b

Fig. 12.36a,b. Condylar fracture: type II, extensive type. a 
Axial CT image. b Coronal CT reformation. Bilateral con-
dylar fractures (white arrows) extending into the basion 
(black arrow)

a

b
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12.10 
Spinal Cord Injury and Penetrating Injury

12.10.1 

Spinal Cord Injury

Spinal cord injury can be caused by different mecha-
nisms, such as destruction from direct trauma, com-
pression by displaced bony fragments, hematoma 
or disk material, or ischemia from damage or im-
pingement on the spinal arteries. Another form of 
spinal cord injury is SCIWORA (spinal cord injury 
without radiologic abnormality), which is caused 
by longitudinal distraction of the spinal cord and 
which is usually encountered in children (Pang and 
Wilberger 1982). Spinal cord injuries may be com-
plete or incomplete. A complete cord syndrome is 
characterized by complete loss of motor and sensory 
functions below the level of injury. Incomplete cord 
syndromes include three syndromes (Maynard et 
al. 1997; Mirvis et al. 1988):
1. Anterior cord syndrome: This is usually seen as a 

result of arterial compression along the anterior 
face of the spinal cord with variable loss of motor 
function, pain and temperature sensation, and 
preserved proprioception. The compression may 
be from bone fragments or a large disc hernia-
tion.

2. Brown-Séquard syndrome: This syndrome is due 
to a hemisection of the cord, such as stab wounds, 
hematoma, or disc herniations resulting in ipsilat-
eral loss of proprioception and motor function, 
and contralateral loss of pain, and temperature 
sensation.

3. Central cord syndrome: This is usually associated 
with extension injury, and frequently seen in the 
elderly with greater motor weakness in the upper 
limbs, variable sensory loss, and sacral sensory 
sparing.

The most common causes of spinal cord injury 
include motor vehicle accidents (50%), falls (21%), 
violence (14%), and sports injuries (14%) (De Vivo 
et al. 1992). Approximately 2.6% of trauma patients 
suffer from a spinal cord trauma. Patients with a 
complete cord injury have a less than 5% chance of 
recovery. Most deaths associated with spinal cord 
injury occur during the fi rst 24 h of hospitalization. 
The prognosis is much better for incomplete cord 
syndromes.

The exact location, extent, and severity of a trau-
matic cervical spinal cord injury can be made with 
MRI, which also refl ects accompanying changes, 
such as edema or hemorrhage (Ohsio et al. 1993). 
MR imaging allows direct visualization of the soft 
tissues, including the ligaments, intervertebral disk, 
and the spinal cord. Three different MR signal in-
tensity patterns are described in acute spinal cord 
injury ( Shimada and Tokioka 1999; Silberstein 
et al. 1992; Hackney 1990;  Flanders et al. 1996). 
The fi rst pattern is a blurred high-intensity area on 
T2-weighted images corresponding to edema within 
the spinal cord due to a contusion. This pattern has 
a more favorable prognosis (Fig. 12.38). The second 
pattern is a hemorrhage lesion indicating neuronal 
damage with less potential for reversibility. The 
third pattern is the combination of edema and hem-
orrhage and has the worst prognosis (Fig. 12.39). 
Schaefer et al. (1992) described a correlation be-
tween lesion length and prognosis. In a cord lesion 
greater than a vertebral body length the prognosis 
is less favorable (Schaefer et al. 1992). Other pa-

Fig. 12.38. Spinal cord injury, type I: cord edema. Sagittal 
T2-weighted MR image showing a central blurred increased 
signal intensity corresponding to diffuse post-traumatic 
edema (arrowheads)
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Fig. 12.39a,b. Spinal cord injury, type III: cord hemorrhage and edema. a Sagittal T2-weighted MR image. b Axial T2-
weighted MR image. Subacute cord hemorrhage with peripheral hemosiderin rim (white arrows) and associated cord edema 
(black arrowheads)

a b

rameters infl uencing the prognosis are underlying 
conditions, such as spondylosis, and central canal 
stenosis ( Regenbogen et al. 1986). The critical issue 
in patients with cervical trauma is the presence or 
absence of cord compression by bone, disk, or hema-
toma, which infl uences the immediate surgical deci-
sion (Quencer et al. 1997; Blacksin and Lee 1995). 
In patients with acute cord compression, immediate 
spinal decompression is recommended. Therefore, 
expediting the MR examination is crucial in pa-
tients with a suspected spinal cord injury. The use of 
both spin-echo T1- and T2- weighted images in axial 
and sagittal planes, and additional gradient-echo 
sagittal T2*-weighted images are useful to exclude 
or detect cord edema and/or hemorrhage. Although 
controversy surrounds the use of CT and MR imag-
ing in cases of cervical spine trauma, performing 
an immediate CT in all suspected cases is recom-
mended unless the patient’s neurological condition 
is stable. In these stable cases, MR is the method of 

choice to evaluate the spinal cord injury (Quencer 
et al. 1997; Link et al. 1995; Nunez et al. 1996).

12.10.2 

Penetrating Injuries

Patients with penetrating injuries to the cervical 
spine and spinal cord with defi nite signs of vas-
cular injury do not need imaging procedures be-
cause of hemodynamic instability (Kendall et al. 
1998). For stable patients, the diagnostic evaluation 
is challenging because of the close proximity of the 
vital structures in this area. MDCT is the method 
of choice in penetrating injuries caused by metallic 
objects, such as industrial nails and bullets frag-
ments (Fig. 12.40). Three-dimensional reformation 
techniques are able to demonstrate the trajectory 
of the injury, the location of the objects, and the 
associated bony fractures.
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12.11 
Cervical Spine Sprains and Disc Injuries

Some of the pathology of cervical spine sprains, 
namely whiplash injury, is discussed in chapter 11. 
Among all cervical trauma cases, 80% are soft tis-
sue injuries (Stabler et al. 2001). Cervical spine 
sprains include injuries of the ligaments and the 
intervertebral discs. These sprains may be caused by 
trauma to the cervicocranium, or cervical spine by 
several mechanisms, such as fl exion, extension, or 
in a pattern where fl exion follows extension (whip-
lash injury). Depending on the grade of severity, the 
sprains may be classifi ed as benign or severe.

12.11.1 

Benign Sprains

In benign sprains, there is stretching or a limited 
tear of the ligaments. A fl exion sprain involves the 
posterior spinal ligamentous complex (supraspinous 

ligaments, interspinous ligaments, ligamenta fl ava, 
facet joint capsules) (Fig. 12.41), and an extension 
sprain involves the anterior longitudinal ligament. 
Since the posterior longitudinal ligament remains 
intact, these injuries are stable. Benign sprains 
mostly occur in motor vehicle accidents, but may 
also be encountered in sports or falls. Conventional 
radiographs are used to rule out fractures and/or 
dislocations. MR imaging has proved to be more 
accurate than conventional radiography in the de-
piction of a wide spectrum of ligamentous lesions 
(Katzberg et al. 1999). Treatment includes cervi-
cal immobilization with a soft collar and the use of 
analgesics. If the symptoms do not improve, a more 
severe sprain should be suspected, and the further 
radiologic investigation is warranted.

12.11.2 

Severe Sprains

In a severe sprain, there is subluxation of a vertebra 
due to ligamentous rupture, without primary bone 

Fig. 12.40a–d. Penetrating spinal cord injury. a Lateral view radiograph. b 
Sagittal T2-weighted MR image. c CT volume rendering. d Axial T2-weighted 
MR image. Initial radiogram and CT showing an industrial nail through the 
C6–C7 neural foramen. MR images after surgical removal of the nail dem-
onstrates cord edema (white arrow), and hemorrhagic components (black 
arrow)

a
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b

d
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cifi c neck pain and cervical radiculopathy in those 
cases where there is an associated disc herniation. 
The radiological diagnosis is based on a lateral ra-
diogram in neutral position or in fl exion-extension. 
Even in the presence of a severe sprain, the initial 
lateral radiogram may be normal. Therefore, serial 
radiograms with dynamic views are recommended. 
Some authors have suggested that the lateral and 
dynamic views should always be repeated after a 
certain period of time, from 5 to 21 days (Laporte 
et al. 1999). On lateral radiograms, severe exten-
sion sprains show a hyperlordotic cervical spine 
curve, together with widening of the anterior disc 
space, backward sagittal displacement, and slipping 
of the facet surfaces. Radiologic features of a severe 
sprain are illustrated in Figure 12.42 ( Wilberger 
and Maroon 1990; Jonsson et al. 1994). On MRI, 
the disruption of the posterior ligamentous com-
plex may be seen on T2-weighted images, as an 
increased signal intensity area between the two 
adjacent spinous processes. MRI may also directly 
visualize the rupture of the posterior or anterior 
longitudinal ligaments (Emery et al. 1989). Severe 
sprains should be treated surgically with the use of 
fi xation through a posterior approach, or in case of 
an associated disc herniation with anterior fi xation 
and discectomy.

fractures. This lesion mainly involves the middle 
cervical column (see Sect. 12.2.5). In fl exion sprains, 
the direction of the injury is posterior-anterior, and 
the fi rst structure to be torn is the posterior spinal 
ligamentous complex as observed in benign sprains. 
In severe sprains, however, further rupture of the 
posterior longitudinal ligament and the posterior 
annulus fi brosis will be observed which makes this 
injury unstable. The only associated bone lesions 
are avulsion fractures of the spinous process and 
secondary compression fractures of the vertebral 
body. The fracture of a spinous process should 
be differentiated from a clay shoveler’s fracture 
where there are no associated ligamentous lesions 
(see  Section 12.4.5) (Harris 1986). In an extension 
trauma, the direction of the force is anteroposterior 
and the fi rst to tear will be the anterior column 
structures, such as anterior longitudinal ligament, 
anterior annulus fi brosis, followed by the middle 
column ligaments. Severe sprains account for 7% of 
all severe injuries of the lower cervical spine (Allen 
et al. 1982), and only 0.5% of all cases with cervi-
cal spine injuries (Wilberger and Maroon 1990). 
Although they are rare, if these sprains are missed, 
they may result in progressive vertebral luxation and 
subsequent myelopathy (Braakman and Braak-

man 1987). Clinical presentation includes non-spe-

Fig. 12.41a,b. Benign cervical sprain involving the posterior ligamentous complex. a Sagittal fat-suppressed T2-weighted 
MR image. b Axial fat-suppressed T2-weighted MR image. Edema through the interspinous (black arrowheads) and supra-
spinous (arrows) ligaments. No associated fracture or rupture of the posterior longitudinal ligament. Slight bone edema at 
the spinous process and the posterior neural arch

a b
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12.11.3 

Intervertebral Disc Injuries

Post-traumatic disc injuries include annular tears 
with/or without disc extrusion, and usually occur 
secondary to axial loading forces to the cervical 
spine. The most common location is the lower cer-
vical segment. Cervical disc extrusion may result 
in transient quadriplegia due to anterior cord syn-
drome (see Sect. 12.10). If congenital or spondylotic 
spinal stenosis exists, the neurologic defi cit may be 
greater (Torg et al. 1997a,b). Conventional radiogra-
phy is not able to detect a traumatic disc herniation. 
CT, particularly MDCT, is able to show the extruded 
disc with the use of axial and sagittal reformations; 
however, CT is not able to show the post-traumatic 
secondary cord changes (Fig. 12.43). Secondary 
fi ndings of a cervical disk injury include increased 
T2 signal intensity of the injured disk, and possible 
edematous changes of the spinal cord at the same 
level (Katzberg et al. 1999; Flanders et al. 1990) 
(Fig. 12.44). The treatment is surgical and includes 
anterior decompression, laminectomy, and fusion.

Fig. 12.44a,b. Traumatic disc injury. a Sagittal T1-weighted 
MR image. b Sagittal T2-weighted MR image. Traumatic disk 
herniation (arrow) with spinal cord compression, and cord 
edema (arrowheads)

Fig. 12.42. Severe cervical sprain. Lateral view radiograph. 
Radiologic features include one of more of the following fi nd-
ings: 1, widening of interspinous distance (“fanning”); 2, loss 
of parallelism between facet joints; 3, sagittal displacement of 
a vertebral body >3.5 mm. 4, angular displacement (sagittal 
plane rotation) >11° compared with the adjacent interspaces

Fig. 12.43. Traumatic disc injury. Axial CT image
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tween L1 and L5 (Burgos et al. 1988; Carpenter 
1991; Kraus et al. 1975). Typically, the injuries are 
sustained by middle-aged and younger individuals 
and are caused by high energy trauma such as motor 
vehicle accidents. Less often, the injuries are due to 
a fall from a height or industrial accidents (Burgos 
et al. 1988; Carpenter 1991). Males have a four-fold 
higher risk than females. Injuries due to sports and 
recreational activities are more common in children 
and adolescents (Hubbard 1974; Keene 1987). Low 
energy injuries resulting in osteoporotic compression 
fractures are more common in elderly individuals.

In 5%–20% of patients with a spinal injury, con-
tiguous and non-contiguous spinal injuries are also 
present (Post and Green 1983; Henderson et al. 
1991). Mid and upper thoracic spine fractures are 
commonly associated with a second fracture at the 
thoracolumbar junction or in the cervical spine 
(Hubbard 1974). Fractures at the thoracolumbar 
junction may be associated with a second injury at 
L4–L5 (Calenoff 1978). Failure to detect non-con-
tiguous concomitant injuries can lead to delayed 
instability and additional neurologic deterioration 
(Calenoff 1978). Thus, in a patient with a thoracic 
fracture, a careful search should be made to exclude 
secondary injuries. In such cases, imaging of the en-
tire spine may be necessary. In children, the major-
ity of thoracolumbar fractures occur at the T4, T5, 
and L2 levels. Contiguous fractures are more com-
mon in children than in adults.

Depending on the type of thoracolumbar fracture, 
associated spinal and non-spinal injuries occur in up 
to 50% of patients (Cotler et al. 1986; Gertzbein and 
Court-Brown 1988; Gumley et al. 1982; Saboe et al. 
1991; Weinstein et al. 1988). Intrathoracic injuries 
such as pulmonary contusions, hemothorax or pneu-
mothorax, diaphragmatic rupture, and major vessel 
disruption occur in approximately 20% of patients 
while intraabdominal bleeding secondary to liver or 
splenic injury occurs in about 10%. Associated skele-
tal injuries are present in up to 20% of cases. The most 
common of these are calcaneal fractures and vertical 

13.1 
Introduction

The thoracolumbar spine refers to the region encom-
passing the thoracic (T1–T12) and lumbar (L1–L5) 
spinal segments. The most commonly injured region 
of the spine is the thoracolumbar junction (T10–L2). 
About 16% of thoracolumbar injuries occur between 
T1 and T10, 52% between T11 and L1, and 32% be-
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K E Y - P O I N T S

T10–L2 most commonly injured

T1–T10: 16%

T11–L1: 52%

L2–L5: 32%

Typically:

Young and middle-aged

M:F is 4:1

High energy trauma: MVA, less often falls or 
industrial accident

Associated injuries:

20% Intrathoracic

10% Intraabdominal

20% Other skeletal, most common calcaneal 
and pelvis

Imaging

Conventional radiography: initial screening 
method in most hospitals, but:

MDCT, when available:
preferred as initial screening in the severely 
or polytraumatized patient
most commonly used in the imaging assess-
ment of thoracolumbar fractures
assess spinal stability
guide patient management

MR: evaluation of spinal cord injury

Stability: Denis’s three-column theory:
anterior: anterior two thirds of vertebral 
body, adjacent annulus and disc and ALL
middle: posterior one third of vertebral body, 
posterior third of disc and annulus and PLL
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posterior: neural arch, facets, and posterior 
ligamentous complex

Stable:
fractures involving only anterior column

Unstable:
fractures involving the anterior and middle 
column
fractures involving all three columns
disruption of middle column 

Classifi cation:

Minor injuries (>15%): rarely result in sig-
nifi cant neurologic injury or progressive 
deformity, are considered stable and include 
among others fractures of the:

transverse processes
spinous processes
articular processes
facet articulations and the pars interarticu-
laris

Major injuries
hyperfl exion compression - wedge (48%)
burst fractures (14%)
fl exion-distraction (Chance type fractures) 
(5%)
fracture-dislocation (15%)

Spinal conditions predisposing to traumatic 
lesions:

Ankylosing spondylitis
serious spinal injury even after minor 
trauma
horizontal fractures

Diffuse idiopathic skeletal hyperostosis
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shear fractures of the pelvis in association with crush 
fractures of the spine ( Holdsworth 1970). The inci-
dence of bowel rupture in pediatric lumbar Chance 
fractures is 65%.

The anatomic characteristics of the thoracic and 
lumbar spine, the magnitude and direction of the im-
pact of the force, and the patient’s postural alignment 
all determine the severity of a spinal injury. Diagnostic 
imaging of the spine in trauma patients requires thor-
ough knowledge of the regional anatomy, the patho-
logical changes and the mechanisms of injury that de-
termine the fi nal radiographic picture. This knowledge 
is necessary for optimal management of spinal injuries 
and the avoidance of surgical complications.

13.2 
Anatomical and Biomechanical 
Considerations 

13.2.1 

Thoracic Spine

Fractures of the thoracic spine are less common than 
those involving the cervical or lumbar spine or the 
thoracolumbar junction. Thoracic spine fractures 
account for 20% of all spinal fractures. The thoracic 
spine is more rigid than its cervical or lumbar coun-
terparts because of the structural stability supplied 
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by the upper nine rib articulations, the coronal ori-
entation of the facet joints, and the vertebral body 
confi gurations. Most fractures involve the kyphotic 
apex around T6–T8 (Hanley and Eskay 1989; 
 Magerl et al. 1994). Because of the strength and 
stability provided by the ribs, injuries that result in a 
fracture are of higher energy than in the cervical and 
lumbar regions. Thus, these fractures are frequently 
associated with a high degree of concomitant inju-
ries to the chest, head, and cervical spine. 

A total of 50% of patients with thoracic spine 
fractures have accompanying neurologic fi ndings 
(Hanley and Eskay 1989). The small thoracic spinal 
canal relative to the cord diameter may in part ex-
plain why thoracic fractures have a higher frequency 
of neurological injury. Another contributing factor 
may be the relatively sparse blood supply to the mid 
and upper thoracic cord, which allows ischemic cord 
injury to occur with less severe compression than in 
the lumbar spine (Bohlman et al. 1982; King 1986; 
White et al. 1981). 

A knowledge of the biomechanics of the thoracic 
spine is critical to understanding the various forces 
and mechanisms that determine spinal structure in 
both the normal and pathologic states (Resnick et 
al. 1997) and in understanding the concept of insta-
bility of the spine. The forces acting on the spine can 
be represented as vectors that produce rotation and/
or linear displacements. Rotational forces result in 
fl exion and rotation, lateral bending, and torsional 
motion. Linear forces result in compression, dis-
traction, and translation. These forces act in isola-
tion or in combination and produce various types 
of injuries. 

The stability of the thoracic spine is imparted by 
the interaction of the bone and soft tissue elements 
including ligaments, discs, and muscles. The rib 
cage signifi cantly increases the stability and immo-
bility of the thoracic spine, about 70% in extension 
and about 30% in fl exion. The tensile strength of the 

anterior and posterior longitudinal ligaments, para-
spinal muscle insertions, and facet articulations also 
contribute to the stability of the thoracic spine.

The thoracic spine normally assumes a kyphotic 
posture. Proceeding caudally, the thoracic verte-
bral bodies increase in all dimensions. The anterior 
height of a vertebral body is 2–3 mm less than the 
posterior height. This difference results in an over-
all kyphosis from T1–T10 and shifts the axis of ro-
tation forward. Deformation or rotation caused by 
this bending moment is resisted by two elements: 
the ventral aspects of the vertebral bodies which 
serve as a buttress and the dorsal elements which 
function predominantly as a tension band. Vertical 
loading causes a disproportionate amount of force 
to be borne by the anterior vertebral body and this 
explains the occurrence of simple wedge compres-
sion fractures in the thoracic spine (Resnick et al. 
1997). The thoracic spine is relatively mobile in rota-
tion and lateral bending but is limited in fl exion and 
extension compared to the lumbar spine.

Extension of the thoracic spine is resisted by an in-
tact rib cage, anterior longitudinal ligament, and the 
orientation of the facet joints and lamina. Flexion is 
limited by the posterior tension band, consisting of 
the interspinous and supraspinous ligaments, poste-
rior longitudinal ligaments, and the ligamenta fl ava. 
Rotational stability is provided by the anterior and 
posterior longitudinal ligaments, rib cage, and facet 
joints, especially in the lower thoracic spine (Resnick 
et al. 1997). Translational or shear forces are coun-
tered by the anterior and posterior longitudinal liga-
ments, the annulus fi brosis, facets, and ligamentous 
attachments (Fessler and Masson 1996).

A horizontal displacement of up to 1 mm be-
tween the thoracic vertebra is normal. Greater than 
2.5 mm of horizontal displacement of one vertebral 
body relative to another and greater than 5° of an-
gular motion or greater is indicative of instability 
(Panjabi et al. 1981; Denis 1983).

Table 13.1. Fracture-dislocations of the thoracolumbar spine

Mechanism Vertebral body Neural arch ring Fracture of superior 
facet of level below

Flexion-rotation Rotation posterior to ALL Compressed Intact Common

Shear fractures PA Horizontal shear, segment 
above forwards

Intact Fractured at several 
levels

Yes

AP Horizontal shear, segment 
above backwards

Intact Intact Rare

Flexion-distraction Flexion and distraction Intact Intact Intact
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The criteria for instability in thoracic spine 
trauma are not clearly defi ned, but most surgeons 
are inclined to surgically stabilize injuries associ-
ated with one of more of the following fi ndings: frac-
ture dislocations, posttraumatic kyphosis greater 
than 40º, spinal injuries associated with a sternal 
fracture, and concomitant rib fractures and/or cos-
tovertebral dislocations (El-Khoury and Whitten 
1993). It is important to note any signs of delayed 
instability. If unrecognized and untreated, progres-
sive kyphosis and neurologic defi cit can result. 

Most thoracic spine injuries occur during fl exion 
and axial loading. This is because the rib cage allows 
very little rotation in the upper thoracic spine . As a 
result, fracture dislocations are more common than 
compression fractures and burst fractures.

13.2.2 

Thoracolumbar Junction

The thoracolumbar junction is usually defi ned as the 
spinal region extending from T10 through L2. This is 
a transitional area of the spine between the less mo-
bile thoracic spine and the more fl exible lumbar spine. 
This region represents an abrupt change in the anat-
omy and kinematics. The three anatomic reasons for 
the thoracolumbar junction’s increased vulnerability 
to injury are the loss of the stabilizing effects of the 
ribs and thoracic musculature, the change from the 
kyphotic curve to the lumbar lordotic curve, and the 
change in orientation of the facet joints. The change 
in facet orientation at the thoracolumbar junction 
from the coronal plane (thoracic) to the sagittal plane 
(lumbar) is thought to alter the stress distribution of 
loads applied to the spine and renders this area more 
susceptible to fractures than either the thoracic or 
lumbar region alone. At the thoracolumbar junction, 
the vertebral bodies have not yet assumed the mas-
sive size of the lower lumbar vertebral bodies, and 
they are less able to resist deformity following specifi c 
load application.

13.2.3 

Lumbar Spine

There are typically fi ve lumbar-type vertebrae, but 
many variations can exist at the thoracolumbar 
and lumbosacral junctions, respectively. The lum-
bar spine is more mobile than the thoracic spine, 
due to the changing orientation of the facet joints 

and the absence of ribs as noted above. In the up-
per lumbar spine, facets assume an oblique orienta-
tion compared to a near sagittal orientation at the 
lumbosacral junction. The lumbar lordosis and well 
developed paraspinal musculature protect the lower 
lumbar vertebrae (which are mechanically stronger 
than the upper lumbar vertebrae) from high direct 
compressive forces. The exaggerated lumbar lordosis 
at L5–S1 and near vertical orientation of the L5–S1 
facet joint predisposes this area to a translational 
deformity, i.e., spondylolisthesis. The lumbar lordo-
sis permits transmission of axial loads to the neutral 
axis of the spine, unlike the ventral bending moment 
caused by the thoracic kyphosis. This results in the 
more common burst fracture in the lumbar spine 
rather than a wedge compression fracture.

13.3 
Spinal Stability

Spinal stability is best defi ned as the ability of the 
spine to withstand physiologic loading without me-
chanical deformity or progressive neurologic symp-
toms. White and Panjabi (1990) described two man-
ifestations of instability, acute and chronic. Acute 
instability is apparent at or soon after the time of 
injury. Chronic instability is associated with delayed 
manifestations of pain and deformity with or without 
a neurological defi cit. An unstable fracture under-
goes progressive deformity and/or develops progres-
sive neurologic symptoms. Stability depends on the 
integrity of both the bone and the soft tissues.

Numerous classifi cation schemes have been pro-
posed for evaluating spinal stability. The most widely 
accepted system is that of Denis who used the func-
tional three-column anatomical model (Denis 1983, 
1984). In the early 1960s, Holdsworth suggested a two 
column concept of the spine, and stability was de-
termined by the state of the posterior column. Other 
investigators (McAfee et al. 1983; Ferguson and 
 Allen 1984) agreed with the Denis three-column 
concept but presented some differences in their inter-
pretation of injury mechanisms and patterns of tissue 
failure. Presently, Denis’s three-column theory of the 
spine is the most workable classifi cation. Denis de-
fi ned the anterior column of the spine as the anterior 
two thirds of the vertebral body, the adjacent annulus 
and disc and the anterior longitudinal ligament. The 
middle column is composed of the posterior one third 
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of the vertebral body, posterior third of the disc and 
annulus, and the posterior longitudinal ligament. The 
posterior column includes the neural arch, facets, and 
posterior ligamentous complex. The posterior liga-
mentous complex is composed of the supraspinous 
and interspinous ligaments, ligamenta fl ava, and the 
capsular ligaments of the articular pillars. 

Fractures involving the anterior column are con-
sidered stable whereas fractures involving the an-
terior and middle column or all three columns are 
considered unstable. Disruption of the middle col-
umn makes the injury unstable. 

13.4 
Imaging

13.4.1 

Conventional Radiography

In a patient with thoracolumbar trauma, spinal pre-
cautions are maintained until injury is excluded by 
reliable examination comprising either a physical 
examination and/or imaging studies. The radiologic 
evaluation begins with anteroposterior (AP) and lat-
eral radiographs of the entire spine. The lateral view 
is replaced with a cross table lateral view in the 
severely injured patient in order to decrease patient 
movement.

The plain fi lms must be scrutinized for subtle ab-
normalities that may indicate more extensive injuries 
than suspected clinically. Cortical buckling, disrup-
tion of anterior and posterior vertebral cortices, ante-
rior wedging, and fractures depict loss of bone integ-
rity. A discrepancy of greater than 2 mm between the 
anterior and posterior height of the vertebral body 
usually indicates a fracture, except at T12–L1 where 
this height difference may be normal.

On the lateral radiograph, disruption of the poste-
rior vertebral body line (Daffner et al. 1990) is a sign 
of a retropulsed fragment into the canal (Fig. 13.1). 
This line is normally mildly convex anteriorly. Wid-
ened distance between the spinous processes, disc 
spaces, and facet joints indicate joint space abnormal-
ity. Anterior vertebral body height loss with preserva-
tion of the height of the posterior body is observed 
with a compression-type fracture (Fig. 13.2a).

The AP radiograph is used to assess vertebral align-
ment and vertebral body cortical disruption. The inter-
pediculate distance, for example, is an important clue 
to the severity of a fracture. Widening of this distance 
relative to the interpediculate distance of the vertebrae 
above and below the affected level is indicative of pos-
terior column disruption and instability (Fig. 13.2b). 
Increased distance between the spinous processes will 
also be present on the AP radiograph as a result of dis-
traction of the posterior column (Fig. 13.3).

Soft tissue disruption associated with thoraco-
lumbar spine injury include loss of the psoas stripe, 
paraspinal soft tissue widening, hemothorax, and 

Fig. 13.1a,b. Burst fracture. a Lateral radiograph shows disruption of the posterior vertebral body line indicating retropul-
sion of the fracture fragments. b. Axial CT confi rms the retropulsed fracture fragments and associated canal compromise

a b
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Fig. 13.2a,b. Contiguous fractures. Burst fracture of L1 and compression fracture of L2. a) Lateral radiograph demonstrates a 
comminuted fracture of the superior endplate of L1. The posterosuperior corner of the vertebral body is retropulsed into the 
spinal canal (arrow). An anterior compression fracture of L2 without posterior element involvement is also noted. b The AP 
radiograph shows loss of height of L1 with a widened interpediculate distance (upper double arrow) indicative of posterior 
element involvement. Compression fracture of L2 with a normal interpediculate distance (lower double arrow)

a b

pneumothorax. Sternal and rib fractures, deviation 
of the airway within the upper thoracic region, left 
apical capping, vacuum disc, and pleural fl uid are 
other ancillary fi ndings. Sternal and rib fractures 
with or without associated costovertebral disloca-
tion are not only indirect signs of thoracic spine in-
jury but also indicators of instability (Fig. 13.4).

13.4.2 

Computed Tomography

CT is a valuable tool in the assessment of spinal 
trauma. In cases where conventional radiographic 
fi ndings are subtle, CT can frequently provide impor-
tant diagnostic information. If a fracture is detected 
on plain radiographic studies, CT should be obtained 
to further evaluate and characterize the fracture. CT 
is also indicated if there is a discrepancy between ra-
diographic fi ndings and neurologic status. With new 
multidetector scanners, axial images thinner than 
1 mm can be obtained through the region of inter-
est, determined from the initial radiographs. Axial 
images should be reformatted routinely into sagittal 
and coronal images. The midsagittal and transverse 
dimension of the canal should be measured at the 

level of injury as well as levels immediately cephalad 
and caudal to it. Vacaro et al. (2001) have reported 
that the most clinically useful measurement is the 
ratio of the mid-sagittal to the transverse dimension 
of the canal. They found that the ratio correlated 
inversely with the risk of neurological defi cit. Thus, a 
patient with a widened interpediculate distance and 
a relatively low ratio would be at increased risk for 
neurological defi cits.

Advantages of CT over conventional radiography 
include the following: (1) a more detailed assess-
ment of vertebral as well as associated soft tissue and 
visceral injuries; (2) a more accurate assessment of 
specifi c column involvement in order to determine 
stability; and (3) the ability to perform thin sagittal 
and coronal reconstructed images (Fig. 13.5). Subtle 
signs of posterior interspinous widening may be de-
tected on the sagittal images. Fractures that are in the 
horizontal plane, parallel to the X-ray beam, such as 
Chance fractures may be missed on axial imaging. 
Reconstructed images are therefore the key to a cor-
rect diagnosis. CT is also preferable to radiography for 
assessing hardware placement and fracture reduction 
postoperatively. Although CT is secondary to MR in 
evaluating disc herniations, it can be used when MR 
is unavailable or contraindicated. 
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a b

c d

Fig. 13.3a–d. Fracture dislocation. a AP radiograph demonstrates increased distance between the spinous processes (ar-
rows) implying distraction of the posterior elements. b Lateral radiograph shows the burst fracture and no subluxation 
(arrow). Plain radiographs are not accurate in determining involvement of the posterior wall of the vertebral body and 
subtle malalignment can be overlooked. c,d Sagittal STIR and FSE T2-weighted images show multiple fractures not detected 
on the plain radiographs, and ligamentous injury of the anterior and posterior longitudinal ligaments (long white arrows), 
interspinous (curved arrow) and supraspinous ligaments (black arrow). Findings of an unstable injury. The STIR sequence 
is more sensitive in depicting bony marrow edema and ligamentous injury than the FSE T2-weighted images



332 R. G. Bhatia and B. C. Bowen

Fig. 13.4. AP radiograph showing paraspinal soft tissue mass 
indicating hematoma (arrows) associated with fractures of 
T9 and T12, rib fractures, and costovertebral dislocation

13.4.3 

Magnetic Resonance Imaging 

13.4.3.1 

Technique

MR with its multiplanar capability, its high spatial 
resolution and high soft tissue contrast, and its 
non-invasive nature is clearly superior to all other 
imaging modalities in demonstrating ligamentous 
ruptures, posttraumatic disc herniations, epidural 
hemorrhage and spinal cord injuries. MR has revo-
lutionized the evaluation and treatment of ligamen-
tous injuries. It is a very useful adjunctive technique 
to conventional radiographs and CT, particularly in 
patients with a neurologic defi cit.

MR imaging is recommended for trauma pa-
tients for the following reasons: (1) to explain new 
neurologic defi cits, especially those not adequately 
explained by CT; (2) to evaluate the integrity of the 
spinal cord and; (3) to detect cord compression. MR 

has been found useful in assessing stability of the 
thoracolumbar spine because it sensitively detects 
ligamentous injury. MR has also been found useful 
in estimating the acuteness of osteoporotic frac-
tures. 

In spinal MR imaging, a dedicated phase-array 
coil is used to achieve a high signal-to-noise ratio 
(SNR) which allows for improved spatial resolution. 
Both T1- and T2-weighted axial and sagittal images 
should be obtained. Other types of images include 
gradient echo T2*-weighted images to evaluate for 
the presence of cord hemorrhage, disc herniations 
and fractures, and short tau inversion recovery 
(STIR) images (sagittal plane) to assess ligamentous 
injury, with hemorrhage and edema in the soft tis-
sues, as well as spinal cord injury. 

Disadvantages of MR imaging include its contra-
indications (pacemakers, cerebral aneurysm clips, 
incompatible life support systems, halo devices) and 
inconveniences (more time consuming, and some-
times less well tolerated by the patient). External 
fi xation devices that are composed of ferromagnetic 
alloys may disrupt the static magnetic fi eld close to 
the region of interest, resulting in image degrada-
tion. MR compatible titanium devices and other new 
materials, however, cause fewer MR artifacts, result-
ing in a higher percentage of diagnostic MR studies. 
For example, MR-compatible halo vests which are 
composed of a graphite composite, titanium, alu-
minum, and plastic are devoid of disruptive stain-
less steel components (Sharafuddin et al. 1990; 
Shellock 2002). 

MR evaluation of the spine following penetrating 
trauma requires special consideration for two rea-
sons: retained metallic fragments within the spinal 
canal can produce image degradation but can also 
be a potential safety hazard to the patient. Most fi re-
arm projectiles are non-ferrous and will not move 
or orient in the static magnetic fi eld (Teitelbaum 
et al. 1990). A ferrous fragment could migrate and/
or could produce thermal injury when exposed to 
a strong static and oscillating magnetic fi eld po-
tentially producing neurologic damage (Smugar 
et al. 1999). Thus, the MR examination should be 
performed at the discretion of the radiologist after 
a review of the radiographs and/or the CT of the 
fragment containing region. The potential risk of 
movement of the fragment is diminished in mature 
scar tissue. Myelography and CT myelography are 
alternative examinations for patients in whom MR 
is contraindicated or poses a high risk of complica-
tions.
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Fig. 13.5a–d. Unstable burst fracture. a Axial CT demonstrating fracture fragment involvement of all three columns. b Sagit-
tal reconstruction from CT scan shows the degree of canal narrowing by the retropulsed fragment. c,d Anterior and lateral 
volume-rendered images show the full extent of bony involvement and relationship of fracture fragments

a b

c d

13.4.3.2 

Findings

13.4.3.2.1 

Osseous Injuries

Traumatic osseous injuries are divided into sublux-
ations, fracture deformities, and compressive injuries. 
MR is probably more sensitive in detecting anterior 
subluxation than conventional lateral radiographs, 

whenever the area of interest may be obscured by 
overlying bone such as in the cervicothoracic region. 
Non-displaced fracture lines through the vertebral 
bodies and posterior elements are poorly demon-
strated on MR (Flanders et al. 1992; Kerlaske et 
al. 1991). It may be diffi cult to distinguish an avulsed 
cortical bone fragment from an injured ligament on 
MR as both structures exhibit low signal intensity on 
all imaging sequences. Displaced fractures, on the 
other hand, are well shown on MR images. 
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MR is unique in its ability to detect compressive 
injury of the vertebral body marrow elements with-
out a fracture deformity or cortical disruption. The 
signal alterations result from microfractures within 
the medullary bone plus hemorrhage. The vertebral 
bodies appear hypointense on T1-weighted and hy-
perintense on T2-weighted images, especially fat-
saturated T2-weighted images such as STIR. The 
STIR sequence is the most sensitive of the three se-
quences for detecting bone marrow edema caused 
by fracture or trabecular contusion (Fig. 13.6).

13.4.3.2.2 

Ligamentous and Joint Disruption

MR is the only imaging modality available that di-
rectly visualizes spinal ligaments. The ligaments 
routinely visualized on sagittal MR are the anterior 
longitudinal ligament (ALL), posterior longitudinal 
ligament (PLL), ligamentum fl avum (LF), interspi-
nous ligaments (ISP) and supraspinous ligament. 
These are composed of strong fi broelastic tissue and 
appear hypointense on all conventional MR pulse 
sequences. 

Direct signs of disruption include visualization of 
the torn margins and discontinuity or absence of the 
ligament. Hemorrhage into the interspinous soft tis-
sues is an indicator of interspinous or supraspinous 

ligament disruption. Secondary signs of disruption 
are similar to the radiographic signs of disruption. 
Thin section T1-weighted images are preferred for 
assessing ligament integrity, and STIR images are 
preferred for detecting interspinous hemorrhage 
in patients with posterior ligamentous disruption. 
STIR sequences show hyperintensity in and around 
a ruptured ligament, with a focal discontinuity indi-
cating complete rupture (Fig. 13.7).

The MR assessment of spinal ligaments may 
help to further determine whether a fracture is sta-
ble or unstable when plain fi lm fi ndings are subtle. 
(Fig. 13.3c,d) (Petersilge et al. 1995; Brightman et 
al. 1992; Saifuddin et al. 1996). Disruption of the su-
praspinous ligament contributes signifi cantly to in-
stability of thoracolumbar burst fractures. The PLL is 
not signifi cant in the determination of spinal stabil-
ity. Disruption of the ALL indicates some rotational 
component to the injury (Petersilge et al. 1995). 

Fractures of the facet joint complex are better de-
tected with plain radiographs and CT (Fig. 13.8a), but 
subtle damage to the joint capsule is best appreciated 
with MR. Widening of the facet joint is evidence of a 
distraction injury which can show hyperintensity on 
T2-weighted images due to increased fl uid within the 
joint space (Fig. 13.8b,c). This fi nding of hyperinten-
sity may also be seen with degenerative facet disease 
and therefore should be interpreted cautiously.

Fig. 13.6a–c. Multiple contiguous bony injury to the lumbar spine. a,b Sagittal T1-weighted and STIR images demonstrate 
loss of height of L4 (white arrow) and subtle marrow edema within the rest of the lumbar spine (black arrows). The STIR 
sequence is more sensitive in depicting marrow edema in the absence of a fracture deformity. c Sagittal CT reconstruction 
shows fracture of only L4 (arrow)

ba c
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Fig. 13.7a,b. Fracture dislocation. a,b Sagittal GE and STIR images show a rotatory fracture dislocation and the associated 
soft tissue components to this injury. The anterior and posterior longitudinal ligaments (ALL and PLL) are disrupted and 
there is complete cord transection. The PLL is also elevated by a combination of bony fragments and hematoma (arrow). 
High T2 signal intensity seen within the interspinous ligaments indicates rupture (white arrow)

a b

Fig. 13.8a–c. Facet distraction injury. a Axial CT demonstrates distrac-
tion of the left facet joint. b,c Axial FSE T2- and T1-weighted images 
demonstrate widening of the joint space, better appreciated on the T2-
weighted sequences as high signal intensity representing fl uid within the 
joint space (arrow)

a b

c
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13.4.3.2.3 

Epidural Hematoma and Disc and Nerve Root Injury

Spinal epidural hematomas occur as the result of 
tearing of part of the epidural venous plexus with fo-
cal extravasation of blood into the anterior epidural 
space. The imaging characteristics are variable and 
depend on the oxidative state of the hemorrhage and 
the effects of clot retraction. In the acute phase, the 
epidural hematoma is isointense with spinal cord 
parenchyma on T1-weighted images and isointense 
with CSF on T2-weighted images (Fig. 13.9). The 
hypointense dura helps to differentiate the epi-
dural compartment from the subarachnoid space 
(Fig. 13.10).

Traumatic disc herniations are rarer in the tho-
racic spine than in the cervical spine. When they 
occur, they are usually associated with signifi cant 
neurologic damage. Unrecognized disc herniation 
is a cause of neurologic deterioration after stabili-
zation (Pratt et al. 1990). An acute posttraumatic 
disc herniation may have a similar MR appearance 
to a nontraumatic disc herniation. However, hem-
orrhage is present, the ruptured disc has a higher 
signal intensity than normal disc material on T2-
weighted images. The disc height of the injured disc 
may be either reduced or widened (Fig. 13.9a,b)

MR has not been successful in reliably demonstrat-
ing traumatic nerve root avulsions. Posttraumatic 
root pouch cysts (pseudomeningoceles) can be iden-
tifi ed with high sensitivity, and these are frequently 
associated with nerve root avulsions. CT myelogra-
phy has been the diagnostic method of choice for 
demonstrating the empty nerve root sheath and peri-
radicular cavities in the cervical spine ( Nussbaum et 
al. 1992; Volle et al. 1992); however, recent studies 
have reported similar sensitivity (92.9%) for detec-
tion of cervical root avulsion by MR imaging and CT 
myelography (Doi et al. 2002).

13.4.3.2.4 

Spinal Cord Injuries

The narrow thoracic spinal canal predisposes to a 
higher frequency of complete spinal cord injury as-
sociated with (especially upper) thoracic fractures 
than cervical or lumbar spine fractures (Brandser 
and El-Khoury 1997; Meyer 1989). A total of 62% 
of patients with thoracic spine fracture-dislocations 
have complete neurological defi cit, whereas 2% of 
patients with lumbar spine and 32% of patients with 
cervical spine fracture-dislocations have a complete 

neurological defi cit (El-Khoury and Whitten 
1993). Most of these fractures occur by hyperfl exion 
mechanisms. When associated with posterior ele-
ment fractures, the spinal cord may escape damage 
due to autodecompression of the spine.

Three patterns of acute cord injury are noted 
on MR images: (1) edema, (2) hemorrhage, and (3) 
mixed central hemorrhage and edema. The MR 
identifi cation of hemorrhage in the spinal cord has 
signifi cant clinical implications. The presence of 
hemorrhage implies a poor potential for neurologic 
recovery (Kulkarni et al. 1987; Hackney et al. 
1986). The evolution of the signal intensity of blood 
products on MR follows the same sequence as in the 
brain; however, conversion from deoxyhemoglo-
bin to intracellular methemoglobin may be delayed 
for up to 8 days in the spinal cord following injury, 
unlike the brain. The delay is attributed to local hy-
poxia (Kulkarni et al. 1987; Hackney et al. 1986). 
Acute hemorrhage is seen as a central cord hypoin-
tensity on T1- and T2-weighted spin-echo and gradi-
ent-echo sequences. This is surrounded by a halo of 
edema that extends both rostrally and caudally from 
the central hemorrhage (Fig. 13.11). The edema is hy-
perintense on T2-weighted images and hypointense 
on T1-weighted images and refl ects accumulation of 
intracellular/interstitial fl uid in response to injury. 
The edema involves a variable length of spinal cord 
above and below the level of injury. Cord edema alone 
denotes a more favorable prognosis than cord hem-
orrhage (Kulkarni et al. 1987). Posttraumatic cord 
hemorrhage always coexists with spinal cord edema; 
however, cord edema may occur without or with cord 
hemorrhage. Complete cord transection is delineated 
by transverse hemorrhage between segments with or 
without cord enlargement (Fig. 13.7b).

MR may be helpful in predicting the recovery of 
neurologic function after acute spinal cord injury. In 
chronic spinal cord injury, some patients may expe-
rience progressive neurologic symptoms after many 
years of a stable defi cit. Progressive defi cits may 
be due to progression of an unstable fracture or to 
abnormalities of the spinal cord itself. Cord abnor-
malities that are associated with onset of progressive 
neurologic defi cits in patients with prior fracture are 
intramedullary cysts and posttraumatic myeloma-
lacia. MR is the diagnostic modality of choice for 
the detection of these abnormalities (Fig. 13.12). Oc-
casionally, MR also demonstrates evidence of Wal-
lerian degeneration in the dorsal columns above the 
level of injury. Accurate diagnosis of a posttraumatic 
intramedullary cyst is important because these pa-
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Fig. 13.9a–e. Burst fracture with traumatic injury to the disc. a,b Sagittal FSE T2-weighted and STIR images demonstrate a 
burst fracture of L2 and high T2 signal intensity and a widened disc suggestive of disc injury/hemorrhage (arrow). Anterior 
epidural hematoma is noted at L1–2 (arrow). c–e Sagittal T1, axial T1 and axial FSE T2-weighted images show an isointense 
T1 and hyperintense T2 epidural collection consistent with an acute epidural hematoma. The ALL is disrupted and the PLL 
is elevated as seen on the sagittal view. The hypointense signal intensity of the dura (arrow) separates the anterior epidural 
hematoma from the thecal sac best seen on the axial FSE T2 image



338 R. G. Bhatia and B. C. Bowen

Fig. 13.10a,b. Burst fracture, large epidural hematoma and conus medullaris syndrome. a Sagittal T1-weighted image demon-
strates a long segment isointense epidural hematoma that extends caudally from a bony injury and is compressing the conus 
medullaris. The hypointense band represents the ventral dural margin (black double arrow). b Sagittal FSE T2-weighted 
image demonstrates the mixed intensity epidural hematoma (arrow) and the posteriorly located retropulsed fragment el-
evates the posterior longitudinal ligament (PLL). Associated injury to the spinal cord manifests as an area of intramedullary 
high signal intensity. Marrow edema in the lumbar vertebra appears as linear bands of high signal intensity in the vertebral 
bodies

a b

Fig. 13.11a,b. Acute spinal cord injury. a,b Sagittal GRE and sagittal STIR images demonstrate areas of low signal intensity 
consistent with acute cord hemorrhage (arrow) and associated cord edema proximal and distal to the level of injury (arrow 
heads). Hyperintense T2 signal intensity in the disc with mild disc space widening suggestive of disc injury/hemorrhage 
and posterior ligamentous injury are also features in this hyperextension injury

a b
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tients may have a return of neurologic function with 
shunting or decompression of the cyst and lysis of 
adhesions. Patients with posttraumatic myelomala-
cia and cord atrophy, however, do not benefi t from 
surgical intervention.

13.5 
Fractures

13.5.1 

Classifi cation

Fractures of the spine can be divided into two 
groups. Minor injuries, which account for more than 
15% of the fractures, include isolated fractures of 
transverse processes, spinous processes, articular 
processes, facet articulations, and of the pars inter-
articularis. The minor injuries rarely result in sig-
nifi cant neurologic injury or progressive deformity 
and are considered stable. The major injuries have 
been classifi ed by Denis into hyperfl exion compres-

sion fractures, burst fractures, fl exion-distraction 
(Chance type fractures) and fracture-dislocation.

13.5.1.1 

Hyperfl exion Compression Fractures

Wedge compression fractures account for the vast 
majority (48%) of thoracic and lumbar spine frac-
tures (Denis 1984).The injury mechanism involves 
a combination of forward fl exion and axial compres-
sion loading, producing the characteristic wedge-
shaped vertebral deformity. The vertebral body fails 
under a compressive load and its anterior portion 
becomes compressed while the middle column re-
mains intact. This fracture is rarely associated with 
a neurological injury and is considered stable unless 
multiple adjacent vertebral bodies are compressed. 
In simple hyperfl exion compression, the fracture 
usually involves the superior endplate.

While the thoracolumbar spine is the most fre-
quently involved area in compression injuries, cer-
tain injuries have a predilection for specifi c levels. 
Osteoporotic compression fractures usually occur 
from T12 to L4. Aircraft ejections involve the mid-

Fig. 13.12a,b. Progressive gait instability with spinal cord tethering and intramedullary cord cyst. a,b Sagittal T1-weighted 
and sagittal FSE T2-weighted images show an old fracture of T9 and splaying of the spinous processes (arrow) secondary to 
disruption of the interspinous ligament complex. The dorsal aspect of the injured cord is adherent to the posterior thecal 
sac (arrow) and rostral and caudal cord cysts are noted

a b
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thoracic level and parachute landings result in L1 
vertebral body fractures.

13.5.1.1.1 

Imaging

Radiographically, the wedge deformity is best seen on 
the lateral view. This shows loss of height of the ante-
rior aspect of the body which is usually less than 50% 
and the preservation of the height of the posterior 
aspect of the vertebral body (Fig. 13.2a). The antero-
posterior radiograph often shows loss of defi nition of 
the superior endplate of the fractured vertebra and a 
normal interpediculate distance (Fig. 13.2b).

These fractures may be diffi cult to demonstrate 
on axial CT scans as the fracture lines nearly parallel 
the imaging plane. Subtle changes in the trabecular 
pattern and alterations in density may be detected 
on CT (Fig. 13.13a,b). This problem does not exist 
with MDCT, where high quality sagittal reforma-
tions perfectly demonstrate these lesions.

MR is more sensitive in depicting bone marrow 
edema (Fig. 13.13c–e), ligamentous disruption, and 
soft tissue hemorrhage within the anterior and pos-
terior soft tissues.

If the compression and hyperfl exion forces are 
great, loss of more than 50% of the anterior body 
height may occur and it may be associated with sub-
luxation or dislocation of the facet joints secondary 
to posterior ligamentous failure. Axial CT images 
with sagittal reformatted images are required in or-
der to exclude a more serious injury such as a burst 
fracture and to assess for canal compromise.

13.5.1.2 

Burst Fractures

Burst fractures account for 14% of spinal fractures 
and 17% of all major spinal injuries (Denis 1983). 
They are thought to result from high energy axial 
loads to the spine that results in compression failure 
of the anterior and middle columns. A burst fracture 
may be stable or unstable depending on the integrity 
of the posterior elements. A stable burst fracture 
is one in which the anterior and middle columns 
fail because of a compressive load and the posterior 
elements are intact. An unstable burst fracture on 
the other hand, is one in which the anterior and 
middle columns fail in compression and the pos-
terior column is disrupted. The sudden application 
of the axial load results in vertebral endplate frac-
ture and herniation of the nucleus pulposus into 

the vertebral body, ultimately leading to bursting 
of the vertebral body and outward displacement of 
the bony fragments (Atlas et al. 1986). The presence 
of retropulsed fracture fragments is almost always 
pathognomonic of an axial loading injury.

Burst fractures occur more commonly from T4 to 
L5, with 50% occurring at L1 (Daffner et al. 1990). 
Evaluation of the entire spine is important because 
5%–20% of all spinal injuries are multiple (Post and 
Green 1983; Henderson et al. 1991). Because burst 
fractures have the potential for severe neurologic se-
quelae in about 50% of cases, they are important to 
diagnose and should be considered unstable during 
the initial emergency department evaluation.

It should be noted that there is no direct correla-
tion between the percentage of canal narrowing and 
neurologic damage (Shuman et al. 1985; Kilcoyne 
et al. 1983). In the thoracolumbar junction, however, 
burst fractures with a 50% decrease in midsagittal 
diameter secondary to retropulsed fragments or 
fractures of the lamina had a signifi cant risk of neu-
rologic damage (Trafton and Boyd 1984).

13.5.1.2.1 

Imaging

Conventional radiographs have been reported to 
underdiagnose burst fractures in 25% of cases be-
cause of the failure to recognize involvement of the 
posterior aspect of the body (Ballock et al. 1992) 
and may underestimate the displacement of frag-
ments into the spinal canal (Brant-Zawadski et 
al. 1982).

Conventional radiographic fi ndings include ante-
rior wedging and posterior body height loss. These 
comminuted fractures involve the superior, inferior 
(commonly the superior), or both endplates and re-
sult in additional fi ndings such as disruption of the 
posterior vertebral body line, loss of the posterior 
vertebral body height, and retropulsion of fracture 
fragments. The retropulsed fragment is typically 
rotated into the spinal canal and may be associated 
with superior migration (Fig. 13.1a) (Guerra et al. 
1984; Jelsma et al. 1982). 

The interpediculate distance is unchanged in 
stable burst fractures and widened in unstable burst 
fractures when the pedicles are splayed apart by the 
bursting body indicating posterior column injury 
(Fig. 13.2b). CT can also detect posterior column 
fractures that may have been missed on the plain ra-
diographs. The posterior column is intact in a stable 
burst fracture (Fig. 13.14).
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Fig. 13.13a–e. Non-contiguous fractures. Compression fracture of L2 and stable burst fracture of L4. a Axial CT demon-
strates subtle alteration in trabecular pattern of L2 which can be easily missed as the fracture lines run parallel to the axial 
imaging plane. b Sagittal reconstructed image clearly shows the compression fracture of L2. c–e FSE T2-weighted, sagittal 
T1-weighted, and STIR images demonstrate the fractures in addition to the epidural hematoma posterior to the body of L4. 
STIR sequence is most sensitive for depicting marrow edema

b

d
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Fig. 13.14a,b. Stable burst fracture. a,b Axial CT and sagittal reconstructed image show that the fracture only involves the 
anterior half of the vertebral body and the posterior elements are spared. This indicates a stable burst fracture. This distinc-
tion may be diffi cult on plain radiographs

a b

Radiographic manifestations of the unstable 
fracture include widening of the interspinous or 
interlaminar distance, kyphosis greater than 20º, 
translation of more than 2 mm, a height loss of more 
than 50%, or articular process fractures (Atlas et 
al. 1986; Dafffner et al. 1990; Holdsworth 1970; 
McAfee et al. 1982; Nagle et al. 1981).

Laminar fractures and facet dislocations are best 
seen on CT. The laminar fracture is commonly a green-
stick type, extending through the ventral cortex of the 
lamina close to the spinous process (Fig. 13.15).

CT shows the sagittal fracture of the body that 
typically extends from the basivertebral vein to the 
inferior endplate (Fig. 13.16a–c). CT clearly demon-
strates the degree of spinal canal compromise by the 
retropulsed fracture fragments, especially on sagit-
tal reconstructed images (Fig. 13.16d).

MR is useful in assessing the direct effects of the 
retropulsed fragment on the thecal sac and spinal 
cord (Fig. 13.17) and the integrity of the spinal liga-
ments (Fig. 13.3c, d).

13.5.1.3 

Flexion-Distraction Injuries

Flexion-distraction injuries of the thoracic and lum-
bar spine were fi rst described by G. Q. Chance in 
1948 (Chance 1948). He described the fracture in 
general terms as a fl exion injury but did not pro-
pose details as to the mechanism of the injury. The 
mechanism has subsequently been characterized as 
hyperfl exion with distraction of the posterior spinal 
elements.

A Chance fracture is commonly associated with 
use of a lap seat belt in high-speed motor vehicle 
crashes involving rear-seat passengers with lap seat 

Fig. 13.15. Burst fracture. Axial CT demonstrates the com-
minuted fracture fragments without retropulsion into the 
canal, transverse process fractures, and the typical green 
stick laminar fracture



  Thoracolumbar Spine Trauma 343

Fig. 13.16a–d. Burst fracture with a rotatory/translational component. a–c Axial CT with coronal reconstruction demon-
strates the sagittal fracture extending into the endplate from the basivertebral vein, a laminar fracture and facet subluxation. 
d Sagittal reconstructed CT image demonstrates the retropulsed fragment which is typically rotated posterosuperiorly into 
the canal

a b

c d

belt restraints alone. It is also commonly seen in 
young children who are too small for the standard 
seat belt. When a passenger is restrained by a lap belt 
and not a shoulder harness, he is propelled forward 
but restrained at the abdominal wall by the lap belt. 
The fulcrum of force is then located more anteriorly 
relative to the position of the lap seat belt within the 
abdominal wall rather than the vertebral column. 
This results in a distraction force at the level of the 
spine. The posterior and middle columns fail in dis-
traction and the anterior column can fail in distrac-

tion or compression. These injuries comprise about 
5% of the series of spinal fractures and 6% of major 
spinal injuries in Denis’s study (Denis 1983). 

A Chance fracture is a horizontal vertebral body in-
jury that results from fl exion about an axis anterior to 
the anterior longitudinal ligament, so that the entire 
vertebral body is pulled apart by strong tensile forces. 
The lap belt (Chance) injuries include a spectrum of 
ligamentous and bony injuries. Three types have been 
described depending on whether there is disruption of 
bone, ligamentous components, or both.
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Fig. 13.17. a Sagittal T1, b gradient-echo, c FSE T2-weighted, and d STIR images show the degree of retropulsion, canal 
compromise, conus compression, and associated ligamentous injury. The fracture line is best visualized on the gradient-
echo sequence (b, arrow), and the STIR sequence is most sensitive for depicting marrow edema (d, arrow). The anterior 
longitudinal ligament (ALL) is disrupted and displaced by the fracture fragment and prevertebral hematoma. The posterior 
longitudinal ligament (PLL) is elevated but appears intact

a b
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The classic Chance fracture (Type 1) occurs be-
tween L1 and L3 (Chance 1948; Smith and Kaufer 
1969), but has also been reported to occur in the up-
per thoracic spine (Davis et al. 2004) as a result of a 
steering wheel acting as the fulcrum. The fracture is 
a horizontal avulsion through the posterior arch and 

pedicles extending anteriorly to involve the postero-
superior aspect of the body just anterior to the neu-
ral foramen. The posterior ligaments are intact. This 
usually involves one level, between L1 and L3. 

The second type of horizontal injury (Type 2) is 
also known as the Smith fracture (Chance 1948) 
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where injury initially disrupts the supraspinous and 
interspinous ligaments with the fracture occurring 
at the junction of the lamina and spinous process 
without involving the spinous process itself and 
extends to involve the posterior body. The fracture 
may extend anteriorly to involve the ligamentum fl a-
vum, PLL and the disc. On imaging, the widening 
of the interspinous distance and an intact spinous 
process helps to differentiate this fracture from the 
classic Chance fracture. 

The third type (Type 3) of fracture involves the 
posterior elements on one side only secondary to a 
rotational force. 

Chance fractures are infrequently associated with 
neurologic defi cits, but if present, should be further 
evaluated with MR imaging to exclude neural com-
pression. Both MR and CT with sagittal reconstruc-
tions are valuable for delineating the path of injury 
(through bone and/or soft tissues).

Injuries associated with Chance fractures often 
result in greater morbidity and mortality than the 
fracture itself (Reid et al. 1990). The presence of 
transabdominal ecchymosis especially in children 
in itself is a high predictor of further intraabdomi-
nal injury and associated spinal injuries (Voss et al. 
1996). Intraabdominal injuries can be seen in 45% of 
patients and include hollow viscous or visceral lac-

erations, hematomas, and solid organ contusions. 
Injuries to the spinal cord, cauda equina, pancreas, 
and 2nd or 3rd part of the duodenum, as well as 
small bowel laceration and abdominal muscle abra-
sions associated with deceleration injuries in pas-
sengers wearing lap seat belts constitute the seat belt 
syndrome (Garrett and Braunstein 1962). 

13.5.1.3.1 

Imaging

On conventional radiographs the horizontal frac-
tures are best seen on the lateral view. There may be 
an increase in the distance between the spinous pro-
cesses, as well as horizontal fractures of the lamina, 
pedicles, and posterior body. On the AP view there 
may be lack of overlap between the vertebral body 
and posterior elements caused by elevation of the 
posterior elements. While anterior wedging of the 
vertebral body may be observed, the anterior col-
umn is uninvolved and the ALL is intact. 

On axial CT images, it may be diffi cult to appreci-
ate the horizontal fracture as the plane of injury is 
parallel to the CT cuts. Thin axial cuts and sagittal 
and coronal reconstructions are essential to detect 
the fracture and any malalignment due to ligamen-
tous injury (Fig. 13.18). MR will demonstrate subtle 

Fig. 13.18a–d. Flexion-distraction injury: seat belt fracture (type 2 horizontal injury – Smith). a Axial CT demonstrates the horizon-
tally oriented fracture extending through the posterior aspect of the vertebral body and involving the pedicles (arrows). b,c Sagittal re-
constructed CT images demonstrate the characteristic step-off of the anterior cortex and the fracture extending to involve the pedicles 
(arrow), and sparing the spinous processes. d Lateral volume-rendered CT image defi nes the orientation of the fracture line

b da c
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marrow edema and is also very useful to exclude 
an associated ligamentous injury (Fig. 13.19). Pres-
ence of gas in the posterior subcutaneous soft tis-
sues suggests a possible fl exion-distraction injury 
(Fig. 13.20a). 

13.5.1.4 

Fracture-Dislocation Injuries

Fracture-dislocations are the result of a violent com-
plex shearing force with failure of all three columns. 
They account for 15% of all spinal fractures and 20% 
of all major injuries in Denis’s study (Denis 1983). 
These can occur anywhere along the thoracolum-
bar spine with a predilection for the thoracolumbar 
junction. They are extremely unstable.

The main characteristic of fracture dislocations 
is that there is failure of all columns under com-
pression, tension, rotation, or shear. This leads to 

subluxation or dislocation. There are three sub-
types: fl exion-rotation, shear, and fl exion-distrac-
tion. The rate of neurologic injury is highest (75%) 
with this injury subtype. Most injuries result from 
a force directed to the dorsal aspect of the spine 
( DeOliviera 1978).

In the fl exion-rotation injury, the axis of fl exion 
is posterior to the anterior longitudinal ligament. 
The posterior and middle columns totally rup-
ture under tension and rotation forces leading 
to a tear of the posterior longitudinal ligament. 
The anterior column fails under a combination of 
compression and rotation forces, leading to ante-
rior wedging with stripping off of the anterior lon-
gitudinal ligament of the vertebra below (Denis 
1983). These fractures are potentially unstable as 
the ligamentum fl avum, interspinous ligament, 
and supraspinous ligament are usually torn. The 
injury may either go through the disc (it is then 

�

Fig. 13.19. a Axial FSE T2-weighted image demonstrates the lin-
ear fracture involving the posterior vertebral body (arrows). b 
Axial gradient-echo image demonstrates high signal intensity 
and widening of the facet joints (arrow) indicating a distrac-
tion injury as well as a disc herniation. c Sagittal gradient-echo 
image demonstrates high signal intensity in the interspinous 
ligament (arrow), indicating a Smith injury
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accompanied by wedging of the vertebral body 
below) or it may go right through the body itself 
leading to a “slice” type of fracture. There will 
be fanning of the spinous processes. If the zyg-
apophyseal joint capsules are disrupted there may 
be subluxation or dislocation of the facet joint, or 
fractures of the facets may occur.
These fractures are differentiated from burst frac-
tures in that the interpediculate distance remains 
constant as the ring of the neural arch is not dis-
rupted in this type of injury. 
In shear fractures, all three columns are disrupted 
including the anterior longitudinal ligament. The 
shearing forces are most often directed from pos-
terior to anterior (PA).
 In the PA shear, the segment above shears off for-

ward on the segment below. This takes place in 
an extended position so the vertebral body height 
is maintained. The posterior arch of the dislo-

�

�

cated vertebra is fractured at several levels, there 
are free fl oating lamina, fractures of multiple spi-
nous processes in the upper segment, and frac-
ture of the superior facet of the lower vertebra.

 In the AP shear injury subtype, the segment above 
shears off on the segment below in a posterior 
direction. There may be a fracture of the spinous 
process but no free fl oating lamina. The anterior 
segment of the upper vertebral body may be locked 
on the superior facet of the vertebra below.

The fl exion-distraction type injuries resemble the 
seat-belt type of injury; with both the posterior 
and middle column rupture under tension and 
the annulus fi brosus torn, this allows the vertebra 
above to sublux or dislocate on the vertebra below. 
The anterior longitudinal ligament is stripped off 
the vertebral body below, and the continuity of the 
ligament is disrupted. In this type of injury, there 
is no rotation between the two vertebrae involved, 

�

�

Fig. 13.20a–c. Fracture-dislocation: 
fl exion-rotational injury. a Axial CT 
demonstrates the “double rim sign” due 
to vertebral body overlap in a fracture 
dislocation injury. Two vertebral bod-
ies are visualized on the same axial cut. 
b Sagittal reconstructed CT images 
demonstrate subluxation of one verte-
bral body with respect to the other and 
displacement of a fracture fragment 
into the canal with a rotatory compo-
nent. Air within the posterior soft tis-
sues is associated with distraction in-
juries. c Sagittal FSE T2-weighted image 
shows cord edema extending for several 
segments (arrowhead) above the level 
of injury (circle). Multiple contiguous 
cervical spinous process fractures are 
also present (arrow)b

a
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and the superior facet fracture of the fl exion type 
injury will be absent.
Locked facets are rarer in the thoracic and lumbar 
spine than in the cervical spine (Holdsworth 
1970; Gellad et al. 1986; Sharafuddin et al. 1990). 
Three types of facet abnormalities reported with 
fl exion-distraction and fl exion-rotation injuries are 
anteriorly, laterally, and superiorly locked facets.

13.5.1.4.1 

Imaging

The hallmark of this group of injuries is displace-
ment or subluxation of one vertebral body with re-
spect to another (Fig. 13.20a). On the AP radiograph, 
the interspinous distance at the affected level will 
be widened.

In the fl exion-rotation subtype, offset of the ver-
tebra above on the vertebra below is noted with 
rotation between the two. This rotation can be rec-
ognized from the orientation of the pedicles and spi-
nous processes. 

CT is optimal for evaluating displacement of ver-
tebral bodies, spinal canal, and facetal involvement, 
and for detecting dislocated articular processes.

Axial CT images demonstrate the “double rim 
sign” due to vertebral body overlap (Fig. 13.20b). 
The fl exion component of the injury brings the su-
perior body down inferiorly to the level of inferior 
body with the result that both are visible on a single 
section of the CT scan. The “naked facet sign” on 
axial images (O’Callaghan et al. 1980; Manaster 
and Osborne 1987) due to dislocated facets may be 
seen in severe dislocation (Fig. 13.21).

b

d
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Fig. 13.21a–e. Complete fracture-dislocation/spondyloptosis and complete cauda equina injury: shear type of injury. a–c Axial CT 
with multiplanar reconstructed coronal and sagittal images demonstrate a complete fracture dislocation. The “naked facet sign” due 
to dislocated facets are seen on the axial image. d,e Volume rendered images are very useful for evaluating complex injuries. Posterior 
view volume rendered images demonstrate the full extent of bony injury and best show the relationship of the dislocated vertebral 
bodies to one another. Additional transverse process and iliac crest fractures are also noted. The oblique view shows that the major 
vascular structures are normal, a useful piece of information for surgical planning
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Sagittal CT reconstructions and sagittal MR 
images provide information about the nature and 
extent of canal compromise (Fig. 13.22). The mid-
sagittal CT reconstruction can also help to deter-
mine prognosis. According to Gellad et al. (1986), 
patients who were neurologically intact or had in-
complete lesions at the time of presentation had a 
midsagittal diameter ranging from 8–15 mm (mean 
11.2 mm). Those who were neurologically complete 
paraplegics at the time of injury had a midsagittal 
diameter ranging from 5–8.5 mm (mean 6.6 mm). 

13.5.1.5 

Miscellaneous Fractures

True bilateral fracture dislocations of the lumbar 
spine are rare and are usually related to major pelvic 
trauma, fall from a height, or ejection from a motor 
vehicle. Many are associated with sacral fractures.

Hyperextension injuries are extremely rare in the 
thoracolumbar spine and, when seen, usually occur 
in the mid-lumbar region. The resultant deformity 
is posterior compression and anterior distraction. 
Radiographic fi ndings include widening of the an-
terior disc space, retrolisthesis, pars interarticularis 

fractures, and triangular avulsion fractures from 
the anterosuperior vertebral body (Fig. 13.23).

Transverse process fractures of the lumbar spine, 
although classifi ed as minor injuries, may be asso-
ciated with abdominal injury (Patten et al. 2000; 
Sturm and Perry 1984). They may result from di-
rect blunt trauma, avulsion of the psoas muscle, vi-
olent lateral fl exion-extension forces, or Malgaigne 
fractures of the pelvis (Krueger et al. 1996). When 
present in a patient with blunt abdominal trauma, 
further evaluation with CT imaging is recommended 
to exclude associated genitourinary, hepatic, splenic, 
or bowel injuries (Sturm and Perry 1984).

13.5.2 

Spinal Conditions Predisposing to Trauma

13.5.2.1 

Ankylosing Spondylitis

Patients with long standing ankylosing spondylitis 
are predisposed to fractures of the spine. Horizontal 
fractures occur through the ossifi ed intervertebral 
disc space and/or endplate, as well as the posterior 

Fig. 13.22a,b. Fracture-dislocation: shear type of injury with cord transection. a Sagittal reconstructed CT image demon-
strates the vertebral body fracture dislocation of T11 with involvement of the posterior elements and a burst fracture of 
T8. b Sagittal gradient-echo image also shows the fracture through the vertebra with dislocation and associated extensive 
abnormal hyperintense cord signal intensity and diffuse cord expansion

a b



350 R. G. Bhatia and B. C. Bowen

Fig. 13.23a–d. Hyperextension injury. a Sagittal reconstructed CT demonstrates widening of the anterior disc space and 
malaligned posterior elements. No fracture is noted of the vertebral body. b,c Axial CT and volumetric rendering lateral 
view demonstrate bilateral locked facets (arrows). d Sagittal FSE T2-weighted MR image demonstrates subtle retrolisthesis 
and associated spinal cord injury

a b
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elements, in the thoracic and lumbar spine (Gelman 
and Umber 1978). Biomechanically, these fractures 
resemble the seat belt type of injury because of shift-
ing of the axis of fl exion and extension in the an-
kylosed spine away from its normal location in the 
center of the nucleus pulposus (Graham and Van 

Peteghem 1989). Patients can sustain serious spinal 
injury even after minor trauma. These fractures are 
unstable and may proceed to a pseudoarthrosis. The 
pseudoarthrosis places the patient at risk for further 

vertebral body displacement and subluxation with 
associated cord injuries. MR is the study of choice 
in evaluating the degree of spinal canal compromise 
in the setting of trauma. 

13.5.2.2 

Diff use Idiopathic Skeletal Hyperostosis

Diffuse idiopathic skeletal hyperostosis (DISH) also 
known as Forestier’s disease or ankylosing hyper-
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ostosis is differentiated from degenerative disc dis-
ease and ankylosing spondylitis by certain criteria. 
These features include fl owing ossifi cation along the 
anterolateral aspect of at least four contiguous verte-
bral bodies, and preservation of intervertebral disc 
height, absence of marginal sclerosis, and absence of 
apophyseal joint fusion. The thoracic spine is most 
commonly involved.

The mechanism of injury to the spine in patients 
with DISH is typically hyperextension, and the frac-
ture is always unstable since all three columns are 
usually involved. Fractures through the region of 
fl owing ossifi cation anteriorly may result in sublux-
ation and disc injury (Fig. 13.24) (Israel et al. 1994).

13.5.3.3 

Pathologic Fracture

Malignancy is another cause of vertebral body col-
lapse and must not be overlooked in the setting of 
trauma, especially in the elderly population. Com-
plete replacement of the normal marrow signal by 
tissue with abnormal signal and associated collapse 
is the usual appearance on MR imaging in neoplastic 
disease. Other MR imaging fi ndings that suggest 
metastatic collapse include a paraspinal mass, ab-
normal marrow signal in the adjacent pedicle, and 
epidural extension (Fig. 13.25). Complementary im-
aging modalities such as bone scintigraphy should 
also be considered in the work-up of such patients.

13.5.3 

Trauma Mimics

13.5.3.1 

Physiologic Wedging

Physiologic wedging typically occurs in the lower 
thoracic spine between T8 and T12 and is more pro-
nounced in males. A wedging ratio (anterior vertebral 
body divided by posterior vertebral body height) of 
0.80 in males and 0.87 in females at T8–T10 is consid-
ered normal (El-Khoury and Whitten 1993). 

13.5.3.2 

Schmorl’s Nodes

Schmorl’s nodes are herniations of the nucleus 
pulposus into the trabecular bone through the ver-
tebral endplate. They appear as shallow concavities 
along the superior and inferior endplates of verte-

bral bodies and are often detected incidentally on 
radiographs. They may occur spontaneously or may 
result from stress from axial loading, especially in 
young athletes or related to trauma (Sward et al. 
1990). They are most common in the lower thoracic 
and lumbar spine and should not be confused with 
acute compression fractures. On plain radiographs 
and CT, reactive sclerosis around a Schmorl’s node 
may help differentiate it from an acute fracture 
(Fig. 13.26). On MRI, no signal abnormalities in the 
vertebral body are present in the asymptomatic in-
dividual. Focal high signal intensity on T2 or STIR 
images, and even enhancement on post gadolinium 
images, can be seen surrounding the intraosseous 
hernia in acutely symptomatic patients with back 
pain ( Stabler et al. 1997). 

13.5.3.3 

Scheuermann’s Disease

Scheuermann’s disease or juvenile kyphosis is caused 
by a wedge shaped deformity of usually three to fi ve 
vertebrae with wedging of at least 5°. They must not 
be confused with old compression fractures. They 
most commonly occur in the thoracic spine but the 
thoracolumbar and lumbar spine may also be in-
volved .The characteristic lesion of Scheuermann’s 
disease is irregularity or ossifi cation of one or more 
vertebral body endplates (Alexander 1977). The 
irregular ossifi cation manifests as Schmorl’s nodes 
or vertebral marginal abnormalities. Schmorl’s 
node formation is usually in the anterior aspect of 
the vertebrae in Scheuermann’s disease (Fig. 13.26) 
,whereas in the normal spine the node formation is 
more central. In the scoliotic spine, node formation 
is posterior (Leatherman and Dickson 1988). The 
exact pathogenesis of Scheuermann’s disease is un-
known but mechanical or traumatic factors have been 
implicated in the pathogenesis (Alexander 1977; 
Blumenthal et al. 1987). Endplate fractures develop 
in a weak spine undergoing rapid growth which lead to 
traumatic growth arrest, followed by narrowed discs, 
wedging of the vertebral bodies, and kyphosis.

13.5.3.4 

Kummell’s Disease and Benign Osteoporotic Fracture

Kummell’s disease or delayed posttraumatic col-
lapse of a vertebral body should not be confused 
with acute traumatic wedge compression. The eti-
ology of this entity is uncertain. It is felt to be due 
to osteonecrosis of the vertebral body as a result of 
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Fig. 13.24a–e. Hyperextension-dislocation in DISH. a,bAxial CT images demonstrate posterior element 
involvement and facet dislocation (arrows). c Sagittal reconstructed CT image demonstrates the oblique 
fracture of the vertebral body. d,e Sagittal T1- and FSE T2-weighted images demonstrate an apparent 
increased height of the vertebral body and disruption of all three columns with dorsal cord compression 
(arrow)

b

d
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a vascular insult; however, nutritional, vasomotor, 
traumatic, and neurologic etiologies have also been 
postulated. Steroids may be a predisposing factor. 
It is characterized by intravertebral gas and typi-
cally the injury causes compression of the vertebral 
body over a period of 6 weeks or more. It is most 
common within the thoracic spine. The presence 
of gas either in the vertebral body or disc space is 

a reliable predictor of a benign process and is best 
seen on CT (Fig. 13.27c). These gas collections may 
fi ll with fl uid that, on MR, typically demonstrate low 
signal on T1- and high signal on T2-weighted images 
(Fig. 13.27a,b) (Naul et al. 1989; Dupuy et al. 1996; 
Yuh et al. 1989; Baur et al. 2002).

MR may show diffuse abnormal signal through-
out the vertebral body in an acute compression 
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Fig. 13.26a–c. Schmorl’s nodes in Scheuermann’s disease. These should not be confused with acute compression fractures. a Lateral 
radiograph demonstrates Schmorl’s nodes along the anterior aspect of T12 and L1 vertebrae (arrow). b Lateral radiograph shows 
anterior wedging of the thoracic vertebra and anteriorly located Schmorl’s nodes (arrow). c Axial CT demonstrates reactive sclerotic 
margins around the Schmorl node (arrow)

ba c

Fig. 13.25a–c. Pathologic fracture. a,b Sagittal T1- and FSE T2-weighted images demonstrate a pathological fracture and 
complete replacement of the vertebral body by abnormal marrow signal intensit. c Post-gadolinium sagittal T1-weighted 
image with fat saturation technique shows multiple enhancing lesions consistent with metastatic involvement

ba c
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Fig. 13.27a–c. Kummell’s disease. a Sagittal T1-weighted image shows diffuse low signal intensity and loss of height of the T12 
vertebral body. Multiple old compression deformities are also noted. b Sagittal FSE T2-weighted image demonstrates linear 
high T2 signal intensity consistent with fl uid within the fracture plane parallel to the superior endplate (arrow). c Sagittal 
reconstructed CT image demonstrates air within the cleft – a very reliable indicator of a benign process (arrow)

ba c

Fig. 13.28a–c. Benign osteoporotic fracture. a Sagittal STIR image demonstrates a compression deformity and high T2 
signal intensity indicative of marrow edema in L5. b Follow-up Sagittal STIR image obtained after 6 weeks demonstrates 
partial resolution of marrow signal abnormality. c Post-gadolinium contrast enhanced T1-weighted image with fat satura-
tion technique demonstrates enhancement that corresponds to the area of residual marrow edema; this fi nding can be seen 
in a resolving benign compression fracture

ba c
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fracture, and it may be diffi cult to differentiate 
a benign from a malignant compression. In such 
instances, it may be advisable to wait for a period 
of about 6 weeks and repeat the MR imaging .The 
MR may show resolution of the signal abnormal-
ity and demonstrate some normal marrow signal 
intensity, confi rming the benign etiology of the 
collapse (Fig. 13.28).

13.6 
Conclusion

Initial evaluation and diagnosis of thoracolumbar 
trauma includes characterization of thoracolumbar 
injuries, as well as prompt recognition of neurologi-
cal defi cits and any other associated injuries. The 
ultimate therapeutic goals are preservation of neu-
rological function and restoration of anatomy. Im-
aging plays an integral part in the initial evaluation 
and decision making process of the trauma patient. 
Advances in imaging have resulted in greater ease of 
data acquisition and increased diagnostic accuracy 
for emergent evaluation of the spine. 

Conventional radiography still remains the ini-
tial screening method of choice in most hospitals 
but multidetector CT, when available, is preferred as 
initial screening in the severely or polytraumatized 
patient. Multidetector CT is the most commonly 
used modality in the assessment of thoracolumbar 
fractures and with its reconstruction capability, 
provides useful and accurate information to assess 
for spinal stability and guide patient management. 
MR provides information about the nature and ex-
tent of spinal canal compromise and is the defi nitive 
diagnostic modality in the evaluation of spinal cord 
injury. MR helps to ensure a rational approach to the 
surgical management of the fractured spine and can 
sometimes be used to predict outcome. 
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ment of a lumbar disc herniation depends increas-
ingly on radiological images. The decision on how 
to treat the so-called failed back surgery syndrome 
(FBSS) also depends largely on the specifi c postop-
erative imaging fi ndings.

14.2 
Pathology of Lumbar Disc Herniation

Joints are subjected to the ravages of aging, degen-
eration and trauma. The degeneration of the inter-
vertebral disk is a complex process that involves 
changes in both composition and function of the 
disk.

This degenerative process most frequently mani-
fests itself as spondylosis, the development of osteo-
phytes and disc herniation. Indeed, a symptomatic 
disc herniation without any other sign of disc degen-
eration is rarely noticed. Even so-called post-trau-
matic disc herniations usually have an underlying 
degenerative process. Sudden strains, particularly if 
associated with rotational torque, may cause tear-
ing and ultimately rupture of the annular ring. More 
commonly the annulus fi brosus deteriorates more 
gradually, as a product of cumulative stresses over 
time, causing microscopic tears rather than a single 
explosive rupture. A signifi cant compressive force 
at the level of a healthy disc will cause a fracture of 
the vertebral body before tearing the annulus. This 
is important when considering the relationship of a 
traumatic event to a herniated disc that may mani-
fest itself several years later.

Many procedures have been developed to treat 
abnormalities and degeneration of the intervertebral 
disc. The associated pathological entities include 
disc herniation, degenerative disc disease (DDD) 
and segmental instability (Mouw and Hitchon 
1996; Dowd et al. 1998). Over the past three decades, 
much attention has been given by clinicians and 

14.1 
Introduction

In this chapter we will discuss the pathology of 
lumbar disk herniation. The clinical symptoms of a 
lumbar disk herniation will be discussed as well as 
the different therapeutical options, especially surgi-
cal therapy.

The different surgical techniques will be de-
scribed in detail with the intention to help the radi-
ologist in interpreting both pre- and postoperative 
lumbar spine imaging studies. The choice of treat-
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K E Y - P O I N T S

Indications for surgery in patients with lumbar 
disc herniation:

Absolute indications:
Cauda equina syndrome
Weakness and sensory loss
Persistent pain

Relative indications:
Failure of symptom relief after 2–4 weeks of 
appropriate conservative therapy
Radicular pain in a dermatomal pattern
Sensory loss in the same dermatome
Weakness in the correct distribution
Depressed tendon refl ex appropriate to pain, 
weakness and sensory loss
Limited straight-leg raising with reproduc-
tion of radicular pain
Abnormal neuro-imaging (CT or MRI) con-
sistent with the neurological defi cit
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�
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–
–

�
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–
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–
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Surgical techniques:

Percutaneous disc decompression

Micro-endoscopic discectomy

Resection of extraforaminal disc herniations

Risks and benefi ts of surgery compared to con-
servative therapy:

Risks – complications:
Spondylodiscitis
Hemorrhage
Wound infection
Nerve root damage
FBSS

Benefi ts:
Early pain relief

�

�

�

�

�

�
–
–
–
–
–

�
–

 radiologists to the degeneration of the disc itself as 
a result of the growing awareness of the clinical en-
tity “lumbar disc herniation”, its surgical treatment 
and the impact this treatment has on national health 
services. Lumbar discectomies are among the most 
common elective surgical procedures performed in 
North America (Taylor et al. 1994). In Belgium, the 
incidence of lumbar discectomies was 1 in 1000 in 
2004.

In the near future, however, pathology of the 
facet joints will become as important as that of the 
disc itself. Spine surgeons all over the world are be-
coming increasingly interested in total disc replace-
ment strategies. The use of lumbar disc prosthesis 
is already common in Europe and will soon ex-
plode in North America, as soon as clinical results 
can  demonstrate its superiority over other surgical 
treatment options (Geisler et al. 2004). Total disc 
replacement by a disc prosthesis can only be of any 
use if the facet joints are intact and are as such not 
responsible for any clinically relevant pain. When 
both the intervertebral disc and the facet joints are 
degenerated and both are responsible for pain, they 
should both be replaced. Some facet joint implants 
have already been designed and patented. They are 
currently undergoing mechanical testing but have 
not been used in clinical trials. Thus the three de-
generated joints (one disc and two facets) will be re-

placed by three artifi cial joints (one disc prosthesis 
and two facet joint prostheses).

14.3 
Pathophysiology of Lumbar Disc Herniation

Although the incidence of low back pain is about 
60%, the incidence of low back pain with sciatica is 
only 1%. Sciatica is most commonly due to hernia-
tion of parts of a lumbar disc. Since 90% of disc her-
niations occur at the level of the two lowest lumbar 
discs, the referred pain is within the distribution of 
the sciatic nerve, hence the name sciatica. Such a 
disc herniation, however, may not be a prerequisite 
for radicular pain. 

Root entrapment syndrome may affect the lum-
bar root in the spinal canal, in the foraminal canal 
or even outside this foraminal canal. In our own se-
ries, we reported such “extraforaminal” location in 
13% of all lumbar disc herniations (Van de Kelft et 
al. 1994). The radiologist, when he has no clinical in-
formation, often overlooks this pathology, especially 
on poor resolution CT images. A clear L4 pathology 
with a normal spinal canal at L3–L4 should urge the 
radiologist to look for an extraforaminal location of 



  Surgical Procedures: Discectomy and Herniectomy 363

an extruded disc fragment at L4–L5. It is also im-
portant to notice that a disc bulging or protrusion 
seldom reaches the root at a foraminal and never at 
its extraforaminal location. This is only possible for 
an extruded disc fragment.

In an extreme situation there may be a massive 
nuclear protrusion in which a large volume of disc 
material is suddenly thrust into the spinal canal, pro-
ducing a “profound neurological catastrophe”, such 
as a cauda equina syndrome. In this case progressive 
sensory loss and motor weakness of the legs is associ-
ated with sphincter disturbances. The physician on 
duty will urge the radiologist for an immediate diag-
nosis, since this condition has to be treated surgically 
as soon as possible. The best option for the correct 
diagnosis is MRI. If unavailable, a CT myelogram 
should be carried out, even at night, since a poor res-
olution CT scan may give false negative results; the 
herniation may be so large that it completely fi lls the 
spinal canal making the differentiation from its nor-
mal content extremely diffi cult.

The initial symptoms of sciatica often occur with-
out a precipitating event or following a seemingly 
trivial movement or maneuver and are typically 
not particularly incapacitating. At this moment, a 
tear in the annular ring appears which can be well 
demonstrated on MRI. As the infl ammation (as a re-
sult of the annular tear) progresses, the symptoms 
crescendo in a relentless fashion. Most patients ex-
perience paraspinal muscle spasms directed at sta-
bilizing the affected level. At that time the sciatica 
appears with irradiating pain in the leg according 
to the dermatomal distribution of the affected nerve 
root. Through the annular tear, the nucleus pulposus 
has protruded as a herniated fragment compressing 
the nerve root. The irradiating pain is the result of 
mechanical compression of the nerve root. The pre-
cise distribution of leg pain varies according to the 
root involved. Compression of the S1 nerve root usu-
ally starts as a dull pain in the back or the thigh or 
buttock, but can later involve the posterior or lateral 
aspects of the calf, as well as the heel and the sole of 
the foot. Compression of the L5 nerve root is charac-
terized by pain that runs more at the anterior side of 
the leg into the big toe. A typical L4 pain runs more 
in front of the leg and around the knee, to end half 
way the tibia. This typical pain is often caused by an 
extraforaminal disc herniation at L4–L5. 

Following mechanical compression, the root be-
comes infl amed due to this mechanical trauma. This 
infl ammation can be dealt with during the conser-
vative treatment, but is often responsible for a long-

lasting dull aching or burning limb pain, even when 
the nerve root is fully decompressed. The initial 
goal of conservative therapy is to diminish the pain 
caused by infl ammation. Usual conservative treat-
ment consists of bed rest, non-steroidal anti-infl am-
matory drugs, muscle relaxation and, if necessary, 
epidural steroids. There seems to be no signifi cant 
difference in outcome when conservative treatment 
is compared to the natural history of sciatica. Af-
ter the acute onset of sciatica, more than 50% of pa-
tients will improve signifi cantly under conservative 
treatment after 2 months (Saal 1996).

14.4 
Surgical Treatment 

14.4.1 

Indications

There is some controversy about the usefulness of 
surgery versus nonoperative treatment in managing 
these patients. The majority of patients with lumbar 
disc herniations and sciatica will improve over time 
with conservative treatment. There is a tendency, 
however, to operate on these patients a few weeks 
after the onset of their initial symptoms. The sur-
gical technique becomes minimally invasive (nu-
cleoplasty, micro-endoscopic discectomy) and can 
be performed on an outpatient basis (Foley and 
Smith 1997; Smith and Foley 1998). It is our task to 
return a patient with sciatica in a prompt and effec-
tive manner to his or her previous level of function 
as soon as possible.

Indications for surgery can be divided into abso-
lute and relative indications (Table 14.1).

14.4.1.1 

Absolute Indications for Surgical Treatment

There are three absolute indications for surgical 
treatment of acute sciatica due to a herniated lum-
bar disc which will be discussed in the following 
sections.

14.4.1.1.1 

The Cauda Equina Syndrome 

In cauda equina compression with bladder and/or 
bowel incontinence, which is often not obvious at 
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Table 14.1. Indications for surgery in patients with a herni-
ated lumbar disc

Absolute indications

Cauda equina syndrome

Weakness and sensory loss

Persistent pain

Relative indications

Failure of symptom relief after 2–4 weeks of appropriate 
conservative therapy

Radicular pain in a dermatomal pattern

Sensory loss in the same dermatome

Weakness in the correct distribution

Depressed tendon refl ex appropriate to pain, weakness 
and sensory loss

Limited straight-leg raising with reproduction of radicu-
lar pain

Abnormal neuro-imaging (CT or MRI) consistent with 
the neurological defi cit

the time of admission, urgent decompression of the 
cauda is mandatory. This is the only indication for ur-
gent lumbar disc surgery. Every attempt to treat this 
disorder conservatively will end in court. Often, even 
after adequate surgical decompression with complete 
relief of pain, the bowel or bladder incontinence per-
sists for months or becomes permanent.

14.4.1.1.2 

Weakness and Sensory Loss

The presence of signifi cant neurological defi cits such 
as weakness and/or sensory loss, which affects 5%–
20% of patients with acute sciatica, is a good indica-
tion for surgery without delay. It seems obvious that 
a neurological defi cit due to mechanical compression 
of the nerve root will resolve better the earlier the root 
can be liberated. Some authors showed, however, that 
delays of up to 3 months had a minimal effect on the 
ultimate recovery of strength (Hakelius 1970).

14.4.1.1.3 

Severe Persistent Pain

Clearly not all patients have the opportunity to rest 
and undergo conservative treatment of their sciat-
ica. Busy people with severe incapacitating leg pain 
due to a herniated disc fragment often urge us to fi nd 
an immediate yet elegant solution for their problem. 
The more surgery becomes minimally invasive due 
to microsurgical and endoscopic techniques, and 

the more this surgery can be done on an outpatient 
basis, the more it becomes an attractive alternative 
for relief of symptoms, even after the fi rst week of 
symptoms. As will be discussed later, the benefi t of 
surgery is the swift relief of symptoms. The long-
term outcome is comparable to that of conservative 
treatment and even with that of natural evolution.

14.4.1.2 

Relative Indications for Surgical Treatment

The American Association of Neurological Surgeons 
(AANS) and the American Academy of Orthopaedic 
Surgeons have listed seven indications for surgical 
treatment of a herniated lumbar disc disease:

Failure to relieve symptoms after 2–4 weeks of 
appropriate conservative therapy
Radicular pain in a dermatomal pattern
Sensory loss in the same dermatome
Weakness in the correct distribution
Depressed tendon refl ex appropriate to pain, 
weakness and sensory loss
Limited straight-leg raising with reproduction of 
radicular pain
Abnormal neuro-imaging (CT scan or MRI) con-
sistent with the neurological defi cit (Long et al. 
1988)

In these cases it is up to the patient whether he de-
cides to resolve the pain by surgery or whether he pre-
fers to wait for the results of conservative treatment. 
Weber (1983) reported a prospective, randomized 
study in which surgery was compared to conservative 
therapy. The study showed that, although surgery of 
lumbar disc herniations was superior to nonoperative 
treatment at 1 year, results at 4- and 10-year follow-
up showed no statistical difference (Weber 1983). 
Although surgery may provide more rapid relief of 
pain, the ultimate result is approximately the same 
regardless of treatment, with long-term resolution of 
sciatica approaching 87%. This study was undertaken 
25 years ago; conservative treatment did not change 
spectacularly in this period; surgery, however, did. 

14.4.2 

Risks and Benefi ts

If, according to a 25-year-old study, there is no dif-
ference in outcome when surgery is compared to 
conservative therapy, and if surgery always carries 
some operative risk, what then is its benefi t (Fig. 14.1) 

�

�
�
�
�

�

�
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(Weber 1983)? Clearly there is a benefi t in terms 
of the so-called absolute indications, especially the 
cauda equina syndrome. For the relative indications 
the benefi t lies in early pain relief in comparison 
to conservative treatment. Therefore, it is better to 
operate a patient with acute sciatica of 4 weeks’ du-
ration, than one with chronic sciatica over a period 
of 6 months, since the latter may be close to the 
spontaneous resolution of his problems. The relative 
benefi t of surgery will be comparatively small in this 
case. Additionally, recovery of the root might also 
be problematic after mechanical compression of 6 
months’ duration.

Most patients are afraid of lumbar disc surgery 
and many have heard stories of someone who was 
left plegic following surgery. Although the theo-
retical risk of serious nerve root damage exists, in 
practice it almost never occurs. The most serious 
risk of lumber surgery, with an incidence of 0.04%, 
is spondylodiscitis (Van Goethem et al. 2000). This 
involves extreme low back pain occurring weeks to 
months after surgery and a hospital stay of several 
weeks since the treatment consists of antibiotics 
over at least a 6-week period. Wound hematoma and 
superfi cial wound infection are minor risks.

Procedures for removal of the herniated disc frag-
ment have two major goals: to relieve pain immedi-
ately and to prevent recurrence. The fi rst goal can be 
accomplished in more than 90% of cases. The second 
is more diffi cult. The more the surgeon tries to prevent 
any recurrence, implying near total disc removal, the 
more the intervertebral disc will collapse, resulting 

in facet joint pain. Furthermore, recurrence of a her-
niated disc is not typical in operated patients: there 
is no difference in recurrence between operated and 
non-operated patients (Weber 1983). The disc itself 
will degenerate once an annular tear has appeared. 
Consequently, low back pain can occur due to disc 
degeneration in operated as well as in non-operated 
patients. Therefore, in the author’s opinion, recur-
rence and persistent low back pain after conservative 
or surgical therapy is not a complication, but rather 
a logical consequence of the natural history of disc 
degeneration (Van de Kelft et al. 1996). In 2004 we 
started a phase three clinical trial as part of a multi-
center study using a mixture of elastin and silk in-
jected into an operated disc to seal the annular tear 
or the surgically created annular opening. This pro-
cedure has two goals: to prevent recurrent herniation 
of previously operated discs and to restore the disc 
height by replacing the amount of resected nucleus 
with the product mentioned above.

A major “complication” after surgery is the so-
called FBSS occurring in less than 1% of all operated 
patients (Samy Abdou and Hardy 1999). Its origin is 
unknown, but the syndrome consists of a dull burn-
ing pain in the limbs, occurring weeks to months 
after surgery. Successful treatment of these patients 
requires a correct diagnosis of the underlying process 
prior to further intervention. Surgery may benefi t pa-
tients with recurrent disc herniation, segmental in-
stability, or spinal stenosis, but patients with epidural 
fi brosis and arachnoiditis (together accounting for 
about 20% of all FBSS patients) are less likely to obtain 
a satisfactory outcome from surgical re-intervention 
(Van de Kelft and De La Porte 1994). Spinal cord 
stimulation may benefi t about half of these patients 
(Samy Abdou and Hardy 1999). Today, there are 
neither technical guidelines nor products available to 
prevent peridural scarring (Robertson et al. 1999).

14.4.3 

Surgical Technique

As indicated earlier, there is a strong tendency to 
minimize tissue damage and to operate patients 
early in order to rehabilitate them faster. Therefore, 
many percutaneous techniques have been developed 
in recent years. Other than the chemical dissolu-
tion of the nucleus (chymopapain), a technique that 
is no longer in use, new techniques focus on the 
mechanical treatment of the pathological disc. It 
is of extreme importance to notice that all of these 

Fig. 14.1. Evolution of pain in patients with a lumbar disc 
herniation. According to Weber’s study, there is no statistical 
difference in outcome after 4 years when comparing natural 
history, percutaneous techniques or surgery in the treatment 
of a lumbar disc herniation. It is obvious, however, that sur-
gery is able to relieve symptoms more quickly. Degenerative 
disc disease can be responsible for recurrent low back pain 
in all non-disc-replacing therapeutic options
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techniques have the same clinical indications as the 
classical surgical one (i.e. microdiscectomy), but can 
only be carried out with a reasonable success rate if 
the herniation is contained by an intact outer an-
nular ring. Even discography cannot help establish 
this diagnosis. 

Minimally invasive intradiscal techniques that 
provide percutaneous access to the discs are chemo-
nucleolysis, percutaneous nucleotomy, automated 
percutaneous lumbar discectomy, intradiscal laser 
discectomy, and intradiscal radiofrequency ablation. 
Nucleoplasty is a non-heat driven process that employs 
coblation technology using bipolar radiofrequency 
technology applied to a conductive medium (i.e. sa-
line) to achieve tissue removal with minimal thermal 
damage to collateral tissues (Nazariaz 1985).

14.4.3.1 

Percutaneous Disc Decompression

The technique we use in our department is a nu-
cleoplasty based on coblation (Robertson et al. 
1999; Nazariaz 1985; Singh et al. 2003; Mochida 

et al. 2001). Percutaneous disc decompression using 
coblation (nucleoplasty) is performed on an outpa-
tient basis under monitored anesthesia care in the 
operating room.

All procedures are performed under strict sterile 
conditions using fl uoroscopic guidance with the pa-
tient in a prone or semi-oblique position. A 17-gauge 
6-in. Crawford-type spinal access cannula is placed 
at the junction of the annulus and nucleus. A Perc-
DLE wand (ArthroCare, Inc., Sunnyvale, CA) is ad-
vanced into the disc via the spinal access cannula. 
After confi rming that proximal and distal channel 
limits are within the disc, decompression is initi-
ated. The decompression process involves advanc-
ing the wand, in ablation mode, to the distal chan-
nel limit at a speed of 0.5 cm/s and retraction of the 
wand in coagulation mode, to the proximal channel 
limit at the same speed (Fig. 14.2).

Six channels are created at the twelve, two, four, 
six, eight, and ten o’clock positions. Postoperatively, 
patients are allowed limited walking, standing and 
sitting as needed in daily-life activities; however, 
they are instructed to limit bending, stooping and 

Fig. 14.2a–c. Disc coblation. a The coblation technique 
is based on a heat producing canula that coagulates 
and aspirates parts of the nucleus. b Under fl uoroscop-
ic guidance, a 17-gauge spinal cannula is placed in the 
center of the nucleus. c In a forward-backward mode, 
six channels are created in the nucleus

a

b c
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lifting more than 5 kg (10 lbs) for 2 weeks. Patients 
with sedentary or light work environments are al-
lowed to return to work after 2 weeks. A qualifi ed 
instructor provides patients with home exercise 
instructions.

14.4.3.2 

Micro-endoscopic Discectomy

Annular integrity is an important variable in achie-
ving a benefi cial outcome in patients undergoing disc 
decompression. Annular repair occurs very gradually 
and a large incision into a degenerated-herniated disc 
will result in a decrease in annular strength during 
the healing process (Ahlgren et al. 2000). Analysis 
of proteoglycan synthesis and degradation indicate 
that replacement of proteoglycan molecules within 
the disc may take up to 3 years (Stathopoulos and 
 Cramer 1995). Three separate analyses have con-
cluded that the box incision method leads to sig-
nifi cantly poorer healing, a decrease in strength of 
40%–50%, and an increase in severe and early disc 
degeneration (Ahlgren et al. 1994; Ethier et al. 
1994). Another study indicates that square, circular, 
cross, and slit incisions each produce a larger range in 
motion during axial moment loading (Ahlgren et al. 
2000). Annular entry with a 2.5-mm OD trocar main-
tained disc integrity during biomechanical loading 
(Natarajan et al. 2002). Once the annular ring has 
been opened, subtotal or total discectomy can be car-
ried out. Biomechanical studies show, however, that 
translational as well as rotational instability is less 
following subtotal discectomy (Nazariaz 1985). It 
is these fi ndings that have further lent support to 
the approach of discectomy without curettement. In 
special indications we do remove the total nucleus 
with the intention of replacing it with a prosthesis 
like the prosthetic disc nucleus (PDN) (Fig. 14.3). 
This technique, while very challenging, is also very 
promising. It is not always obvious to see the PDN on 
MR, especially if the surgical procedure is not known 
while interpreting the images.

The most important goals for surgical treatment 
of lumbar disc herniation are therefore:

Removal of the herniation causing symptoms.
If unnecessary, try to avoid making holes in the 
annulus.
Remove as little as possible of the remaining disc 
material.
Choose a minimally invasive access to promote 
early recovery and rehabilitation and to minimize 
hospital stay and cost.

�
�

�

�

Fig. 14.3. Prosthetic disc nucleus (PDN device). Note the PDN 
device in the center of the L5–S1 disc (white arrow). Without 
relevant clinical information, recognizing the device itself 
can be problematic

Bearing these goals in mind, we actually perform 
a micro-endoscopic discectomy in all patients with 
an indication for surgical treatment and a contra-
indication for percutaneous nucleoplasty.

The main advantage of the METRx system 
(Medtronic Sofamor Danek, Memphis, TN) in com-
parison to a traditional discectomy is a smaller inci-
sion and less damage to the muscles of the spinal 
column (Foley and Smith 1997). This advantage is 
achieved by allowing the surgeon to expose the area 
where the herniated disc is located without making 
a large incision. A discectomy that is done with the 
METRx system begins with the surgeon precisely 
localizing the level of the herniated disk with a very 
small needle that is inserted through the muscles of 
the back down to the area where the disk fragments 
are located (Fig. 14.4). The correct position of this 
needle is confi rmed by fl uoroscopy, after which a se-
ries of soft-tissue dilators are used to create a small 
tunnel measuring 16 mm in diameter (less than ¾ of 
an inch) through the muscles of the back, enabling 
a hollow tube to be inserted down to the level of the 
spinal column. This tube, which is called a tubular 
retractor, contains a highly specialized video cam-
era with a magnifying lens and a fi ber optic light 
source that illuminates the tissues and relays the im-
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Fig. 14.4a–d. Micro-Endoscopic Discectomy. a K-wire inserted percutaneously at the L4–L5 junction. The correct position 
of this needle is confi rmed by fl uoroscopy. b After the correct position of the needle has been confi rmed with fl uoroscopic 
guidance, a series of soft-tissue dilators are used to create a small tunnel that measures 16 mm in diameter (less than ¾ of 
an inch) through the muscles of the back so that a hollow tube can be inserted down to the level of the spinal column. c This 
tube, which is called a tubular retractor, contains a highly specialized video camera with a magnifying lens and a fi beroptic 
light source that illuminates the tissues and relays the images to a separate video screen so that the surgeon can operate 
safely. Once the tubular retractor is in the correct place the surgeon is able to visualize the area where the herniated disk is 
located. d After a small laminotomy and fl avectomy, he or she is able to remove the fragments of the disk with special in-
struments that fi t down the inside of the tubular retractor. (Reproduced with permission from Medtronic Sofamor Danek)

a

c

b

d

ages to a separate video screen so that the surgeon 
can operate safely. 

Once the tubular retractor is in the correct place 
the surgeon is able to visualize the area where the 
herniated disc is located. After a small laminotomy 
and fl avectomy, he or she is able to remove the frag-
ments of the disc with special instruments that fi t 
into the tubular retractor. When the operation is 
fi nished, the tubular retractor is removed and the 
incision, which is less than 16 mm (1 in). in length, 
is closed and the wound is allowed to heal.

14.4.3.3 

Resection of Extraforaminal Disc Herniations

It is a relatively common phenomenon to encounter 
extreme lateral nerve root entrapment in patients 
with L4 symptoms when one is looking for it (Van 

de Kelft et al. 1994). In 1994 we presented a sur-
gical technique that approaches the disc fragment 
not from intraspinally, but from outside the spinal 
structures (Van de Kelft et al. 1994). In this mi-
crosurgical approach the incision is centered on the 
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spinous process of the upper vertebra, i.e. slightly 
more upwards compared to the classical interlami-
nar approach. We prefer a paramuscular approach 
and therefore retract the muscle by a self-retaining 
retractor. We then aim for the junction between the 
pedicle and the transverse process. The nerve root 
in these cases is always pushed cranially against the 
pedicle. Once the pedicle is identifi ed, the nerve root 
can be easily tracked. Caudally we fi nd the extruded 
fragment. In fact, we only remove this fragment and 
perform a non-classical discectomy. Once the nerve 
root is no longer compromised between the disc frag-
ment and the pedicle, we retract the retractor and 
close the skin. This technique has the advantage of 
seeing the herniated fragment clearly, as well as the 
nerve root, while preserving all spinal structures. 
If one aims for an extraforaminal disc fragment by 
the classical intraspinal interlaminar approach, one 
ends up with a destroyed or even removed facet joint, 
because the herniated fragment can otherwise not be 
seen or reached.

More recently we carry out the same procedure in 
an endoscopic way, with the tools as described ear-
lier.

14.5 
Conclusions

Once a trial of conservative treatment has been at-
tempted, it may be wise to proceed with a surgical 
intervention on a patient suffering from sciatica due 
to a herniated lumbar disc. With the exception of the 
absolute indications, we see that the relative indica-
tions become more popular because of the advent of 
minimally invasive disc surgery that is performed 
on an ambulatory basis. Given this, the patient can 
benefi t maximally from surgery as a result of early 
relief of symptoms and full resumption of previous 
functions. Nevertheless, the patient should be in-
formed that the long-term outcome is comparable 
to the outcome of conservative therapy.
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15.1 
Introduction

Low-back pain (LBP) is a frequent complaint and a 
leading cause of disability in the general population. 
Epidemiological studies have identifi ed many indi-
vidual, psychosocial, and occupational risk factors 
for its onset, but the primary causative mechanisms 
of LBP remain largely undetermined. Psychological 
factors have an important role in the transition from 
acute to chronic pain and related disability (Manek 
and MacGregor 2005). Recent advances show that 
there is also a signifi cant genetic effect on severe LBP, 
a condition which is responsible for a substantial loss 
in productivity. The total costs of LBP in the US ex-
ceed $100 billion per year (Katz 2006). Two-thirds of 
these costs are indirect, due to lost wages and reduced 
productivity. Each year, the less than 5% of the pa-
tients who have an episode of LBP account for 75% 
of the total costs (Jinkins 1997). Most episodes of 
LBP have a mechanical origin and are self-limiting, 
resolving within a few days or weeks (Borenstein 
1996). There is considerable scope for prevention of 
the consequences of LBP such as recurrence, disabil-
ity, and workloss. Different interventions and out-
comes will be appropriate for different target popula-
tions, yet inevitably there is an overlap.

Some patients with degenerative disk disease 
and persisting pain, having exhausted almost every 
imaginable form of nonoperative therapy, fi nally 
seek surgical help. It would not be entirely unjusti-
fi ed for a spine surgeon to adhere to a totally avoid-
ant approach to chronic LBP, rationalized by a rea-
sonably legitimate nihilism regarding the presently 
available means of surgically managing LBP (Kwon 
et al. 2003). In cases where surgery is performed, it 
is the role of imaging studies to assist in diagnos-
ing the cause of the complaints and to determine 
in which patients surgery is a possible indication. 
Some investigators suggest that surgery should not 
be performed unless diagnostic imaging demon-
strates nerve-root compromise and/or when symp-
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K E Y - P O I N T S

Imaging technique:

Plain fi lm
Has little value in the non-instrumented 
postoperative spine
Assessment of the spine during physiological 
loading, stability/instability

CT
Shows laminotomy/laminectomy defect
Shows marking fi lament in case of textiloma
Is far less accurate than MR in

Differentiating recurrent disc from epidu-
ral scar
Evaluating early complications (hemor-
rhage, infection, etc.)

Helical CT is a valuable technique in evalu-
ating (postoperative) spinal stenosis (central 
spinal canal, lateral recesses and/or forami-
nal)

MRI
Preferred imaging technique in the postop-
erative spine
First procedure in imaging the postoperative 
spine

Early complications (hemorrhage, infec-
tion, etc.)
Differentiating recurrent disc from epidu-
ral scar

Equal value to CT in the evaluation of spinal 
stenosis

Expected postoperative fi ndings

Interpretation of images in the fi rst 6–8 post-
operative weeks must be undertaken with 
caution

Especially on unenhanced images postdis-
cectomy changes can mimic the preoperative 
appearance

Bone defect – when present – is sometimes 
diffi cult to see on MRI

Epidural fi brosis is an expected fi nding in all 
postoperative patients

>6 Months after surgery: no or only mini-
mal dural sac deformation
<6 Months after surgery: up to 25% defor-
mation

Enhancing endplates in 1 out of 5 patients 
between 6 and 18 months after surgery
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Complications

FBSS (failed back surgery syndrome) in 10%–
40% of patients

Early complications
Hematoma

<1% of patients
Hours to days after surgery

Spondylodiscitis
0.1%–3% of patients
7–28 days after surgery
NO spondylodiscitis unless: high SI of the 
disc space on T2 and enhancement of the 
disc space
Diagnosis is combination of clinical, labo-
ratory, and imaging fi ndings

Pseudomeningocele
Usually asymptomatic

Recurrent disc herniation
Recurrent herniation may be an indication 
for repeat surgery (success rate 10 times 
higher with repeat surgery for recurrent 
herniation compared to repeat surgery for 
epidural fi brosis alone)
Differentiation from epidural fi brosis:

No enhancement of recurrent herniation, but:
Peripheral enhancement often seen, rep-
resents fi brosis that is always present after 
surgery
Discrete enhancement possible if long 
period between injection and imaging 
(>10 min)
Natural evolution of recurrent herniation 
may take months to years, with gradually 
less non-enhancement representing resorp-
tion of disc material
Normally no mass effect with epidural fi -
brosis
Fibrosis only along the surgical route

Is not necessarily responsible for the 
patient’s complaints

Arachnoiditis
Clumped nerve roots
Empty thecal sac
and/or enhancing intrathecal mass 

Stenosis
Frequent cause of FBSS: 25%–29% of pa-
tients with FBSS
CT or MR
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toms, clinical fi ndings and imaging fi ndings are 
consistent (Butt 1989). 

Imaging assessment of the spine following sur-
gery is complex and depends upon several factors, 
including the anatomy of the patient, the surgical 
procedure and the disease process for which it was 
performed, the age of the patient, the biomechanical 
condition of the underlying cortical and cancellous 
bone, intervertebral disc and musculoligamentous 
tissues, the time elapsed since the surgical proce-
dure, and the duration and nature of the postsurgi-
cal syndrome (Van Goethem et al. 2002).

This chapter will only discuss imaging of the non-
instrumented postsurgical spine, i.e., after herniec-
tomy and/or discectomy. Imaging of the postsurgical 
spine with cages, prostheses and/or instrumentation 
is discussed in Chapter 17.

15.2 
Imaging Technique

Imaging of the postsurgical spine is in general per-
formed in patients with complications. These compli-
cations usually manifest themselves either as persist-
ing or recurrent pain or as some form of neurological 
defi cit. In the acute stage, surgical complications 
such as bleeding, infection, meningoceles/dural lac-
erations, or neurological defi cits can be encountered. 
Recurrent disk herniation, stenosis, textiloma and 
arachnoiditis usually present as persisting or recur-
rent pain in a later stage (Table 15.1).

Plain fi lm radiography has almost no use in the 
diagnostic work-up of the non-instrumented post-
operative spine. Plain fi lms do show the surgical 
laminectomy defect, but this has little value in cases 

of persisting pain or complications. In chronic post-
surgical pain, plain fi lm can be useful in evaluating 
spinal stability since it is one of the only imaging mo-
dalities that can be used in the upright patient both in 
neutral position and during fl exion and extension.

Computed Tomography (CT) is useful in detect-
ing and grading spinal and/or foraminal stenosis 
and can be used in the follow-up of stenosis after 
surgery. In the acute postsurgical stage CT has little 
role. CT can be superior in detecting and differenti-
ating a postsurgical textiloma. The main role of CT 
in the postsurgical spine, however, is after instru-
mentation or fusion surgery (see Chap. 17).

Magnetic Resonance Imaging (MRI), because of 
its superior soft tissue resolution, is the preferred 
imaging modality in the evaluation of patients with 
recurrent clinical symptoms after discectomy and/
or herniectomy (Grane 1998; Van Goethem et al. 
1996). Tissue enhancement is much better detected 
with MRI than with CT (Bundschuh et al. 1990; 
Sotiropoulos et al. 1989), making the differential 
diagnosis of recurrent disc herniation versus epidural 
fi brosis much easier. Moreover, bone marrow edema, 
soft tissue infl ammation, nerve root enhancement, 
hemorrhage, and facet joint infl ammation are diffi -
cult or even impossible to detect on CT. Evaluation of 
spinal stenosis with MRI is also very accurate. 

In routine imaging of the postoperative spine, 
both sagittal and axial MR images are usually ob-
tained. In the sagittal plane, T1- and T2-weighted 
images (WI) offer complementary information.

On T2-WI, normal intervertebral discs are bright 
(i.e., give relatively high signal). With ageing and/or 
degeneration of the disc, water loss and collagen de-
position occur, T2 relaxation time shortens, and the 
discs gradually become darker (i.e., low-signal de-
generative or ‘black-disc disease’). However, in fast 
spin-echo (SE) acquisitions with longer echo trains 

Table 15.1. Etiology of FBSS and/or complications after surgery for disc herniation

Early postsurgical Late postsurgical

Procedure-related Bleeding Textiloma

Infection Arachnoiditis

Dural tear – pseudomeningocoele

Nerve root lesion

Mechanical Residual disk hemiation Recurrent disk hemiation

Stenosis

Instability

Diagnostic Failure to identify the cause of pain Failure to identify the cause of pain
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lengths (ETL), normal discs also become somewhat 
darker due to certain physical effects. Therefore, 
sagittal T2-WI with a relatively short ETL (<10) 
are preferable to diagnose disc degeneration (Van 
Goethem 1999). Sagittal and axial T2-WI are also 
excellent for showing the spinal cord and the nerve 
roots of the cauda equina. 

The normal epidural fat in the lumbar spine is 
very bright on T1-WI and contrasts well with the 
dural sac and the adjacent normal or pathological 
intervertebral disc. This is why axial T1-WI are of 
high value in the lumbar region. Furthermore, the 
high signal of normal epidural fat also contrasts well 
with postoperative epidural fi brosis which is dark.

Additional axial SE T1-WI after intravenous 
 gadolinium-containing contrast medium (referred 
to hereafter simply as contrast-enhanced images) 
are mandatory in patients who have undergone prior 
disc surgery (Babar and Saifuddin 2002; Bradley 
1999; Henk et al. 1999; Jinkins and Van Goethem 
2001). The use of contrast medium is important in 
differentiating scar tissue (fi brosis) from recurrent 
disc herniation (Bradley 1999; Jinkins and Van 
Goethem 2001), which is essential since the latter is 
generally accepted to be a possible indication for fur-
ther surgery (Suk et al. 2001). Epidural fi brosis shows 
early enhancement after gadolinium injection (Fig. 
15.1). A recent recurrent disc herniation initially 

shows no enhancement since it has no vasculariza-
tion (Fig. 15.2). However, it is surrounded by epidu-
ral fi brosis that does show enhancement (Fig. 15.3). 
Contrast medium diffuses from this epidural fi bro-
sis into the disc material causing mild enhancement 
from the outside in, late after contrast injection. 
Therefore, images after gadolinium injection should 
be acquired as quickly as possible after injection 
(Van Goethem et al. 2002). This late disc enhance-
ment is more pronounced with non-ionic contrast 
agents. Therefore, an ionic contrast agent is prefer-
able in clinical imaging of patients with (supposed) 
recurrent herniated discs since the distinction be-
tween a disc fragment and scar tissue will be greater 
after the use of an ionic contrast medium compared 
to a nonionic one ( Haughton et al. 2002).

Furthermore, assessment of the enhancement 
pattern of nerves, meninges, posterior spinal (zygo-
apophyseal or facet) joints and paraspinal soft tis-
sues is important in some patients. Fast SE or fl uid-
attenuated inversion-recovery (FLAIR) T2-WI in 
addition to or instead of contrast-enhanced T1-WI 
have also been propagated in the differentiation 
of recurrent disc herniation from epidural fi brosis 
(Barrera et al. 2001; Mullin et al. 2000).

In the lumbar spine, fat-suppression techniques 
before and/or after contrast-enhanced T1-WI can 
further assist in differentiating between enhanc-

Fig. 15.1a,b. Expected postoperative fi nding: normal epidural and intervertebral fi brosis. Axial T1-WI before (a) and after (b) 
gadolinium enhancement. Patient 6 months after discectomy. Normal enhancing tissue in the left lateral epidural space rep-
resenting normal epidural fi brosis (epidural scar). Note also extensive and expected intervertebral enhancement representing 
scar tissue along the discectomy tract. No residual disc herniation, no minimalthecal sac deformation and no spinal stenosis

a b
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Fig. 15.2a–e. Massive recurrent disc herniation. Sagittal T1-WI (a), sagittal T2-WI (b), axial T1-WI (c), axial T1-WI after 
gadolinium enhancement (d) and subtraction (e). Sagittal images show a large mass extending from the intervertebral space 
in the right lateral epidural space and even through the laminectomy defect. The lesion is iso- to hyperintense on both T1- 
and T2-WI. The image after gadolinium enhancement only shows minimal peripheral enhancement, only visible on the 
subtraction image. Compare with the enhancement along the surgical tract lateral of the spinous process more posteriorly. 
This non-enhancement is the clue to the diagnosis. One should take care to image immediately after gadolinium injection 
to minimize possible diffusion of contrast medium into the disc fragment. The high signal on the T2-WI is highly sugges-
tive for a recent recurrent herniation

a b

c d e
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Fig. 15.3a,b. Recurrent disc herniation. Axial T1-WI (a) and axial T1-WI after gadolinium enhancement (b). The non-en-
hancing portion of the lesion in the left anterior epidural space represents recurrent disc herniation. As in this case it is 
typically surrounded by enhancing epidural fi brosis

a b

ing scar tissue and epidural fat and, in rare cases, 
between postoperative blood and normal epidural 
fat. Conversely, on fat-suppressed images abnormal 
postoperative nerve-root enhancement may be more 
diffi cult to differentiate from the normal slight pial-
root enhancement.

MR myelography without contrast medium can be 
helpful in addition to standard imaging sequences.

Although spinal stimulators and other electronic 
implant devices such as cardiac pacemakers are 
normally a contraindication to MRI, some are MRI-
compatible (Liem and van Dongen 1997; Shellock 
et al. 2000). Some devices must be switched off be-
fore entering the room containing the magnet – and 
switched on again upon exiting the room.

15.3 
The Normal Postoperative Spine – 
Expected Postoperative Findings

Interpretation of images of the lumbosacral spine 
in the immediate postoperative period, i.e., the fi rst 
6–8 postsurgical weeks, must be undertaken with 
caution. Normal, or at least expected, postoperative 
changes occur within the bones, as well as the soft 
tissues, and vary in part depending on the type and 

extent of surgery and the time since the operation 
(Van Goethem et al. 1996).

Nowadays, herniectomy is regularly performed 
without laminotomy or laminectomy. Laminotomy 
is the partial removal of the lamina, while laminec-
tomy is the complete removal of the lamina. Leav-
ing the lamina intact without bone removal is more 
frequently seen at the lower lumbar levels, especially 
L5–S1, since there is more space between the lamina 
to access the spinal canal. Also, when using newer 
microsurgical and endoscopic techniques, the access 
way can be smaller and no bone (or less bone) has to 
be removed (Choi et al. 2006). In discectomy at the 
L5–S1 level, typically only the ligamentum fl avum is 
incised and the posterior bony hemiarches are left in-
tact. However, at L4–L5 and particularly at L3–L4, part 
of the hemiarch above has to be removed to obtain ad-
equate access to the spinal canal (Van  Goethem et al. 
2002). If the nerve root has to be accessed, the medial 
border of the inferior articular process of the poste-
rior spinal joint has to be resected at L4–L5 or L3–L4. 
It is therefore important to know the precise radial 
location of the herniated disc material in advance in 
order to preserve as much of the posterior spinal facet 
joints and the related posterior spinal bony elements 
as possible. Overzealous laminectomy or facetectomy 
may contribute to spinal instability and result in pro-
gressive spondylolisthesis. On MRI, the postsurgi-
cal absence of bone is sometimes diffi cult to assess, 
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especially in cases of laminotomy, but can be best 
demonstrated on axial T1-WI. There is often asym-
metry in the paraspinal muscle fat planes posteriorly. 
The margins of the paraspinal musculature may also 
be temporarily indistinct secondary to edema in the 
subacute phase after surgery. The posterior border 
of the dural sac may expand posteriorly towards the 
surgical site and laminectomy defect, refl ecting rela-
tive bony insuffi ciency (Fig. 15.4). This is an expected, 
clinically irrelevant fi nding and does not represent a 
pseudomeningocele (see 15.4.2.3).

On unenhanced images immediately after sur-
gery, postdiscectomy changes can mimic the preop-
erative appearance of disc herniation in the epidural 
space because of disruption of the annulus fi brosus 
and edema of the epidural tissues. These blur the 
outline of the dural sac and the posterior margin of 
the intervertebral disc and may efface the anterior 
border of the thecal sac.

Homogeneous contrast enhancement of this epi-
dural reaction may be observed (Fig. 15.1). The cause 
of this fi nding is granulation tissue and/or fi brosis, 
which explains the mild local epidural mass effect 
commonly seen in postoperative imaging of a clini-
cally successful lumbar discectomy. In one study of 
asymptomatic patients following intervertebral disc 
surgery, all showed evidence of enhancing epidural 
fi brosis (Jinkins et al. 1993). In the asymptomatic 
postsurgical patient the accompanying deformation 
of the dural sac is minimal (<10% area deformation) 
6 months or later after surgery. In the immediate 
postoperative phase, the deformation can be more 
extensive but was never more than 25% of the area 
of the dural sac (Van Goethem 1999).

Enhancing lumbosacral vertebral endplates have 
been observed between 6 and 18 months after sur-
gery in 19% of patients, and enhancement of the 
posterior annulus fi brosis has been reported in the 
majority of asymptomatic patients (Shafaie et al. 
1997). These are due to an aseptic reaction that can 
mimic early postoperative disc infection. Another 
study of asymptomatic patients showed residual or 
recurrent disc herniation at the operated level in 24% 
of patients within 6 weeks of surgery (Van Goethem 
et al. 1996). In 16% this was associated with mild to 
moderate mass effect on the dural sac and/or nerve 
roots or sleeves, and 5% had severe compression of 
the dural sac. In 78% of these patients with residual 
or recurrent herniation, there was no progression of 
the shape of the herniated disc on imaging, nor had 
the mass effect resolved on MRI after 6 months as 
compared with 6 weeks after surgery.

15.4 
Failed Back Surgery Syndrome and 
Postoperative Complications 

15.4.1 

Failed Back Surgery Syndrome

Despite the relatively loose application of criteria 
for surgical success, lumbosacral spinal surgery has 
been unsuccessful so often in the past (10%–40% 
of cases) that failed back surgery is regarded as a 
syndrome: the failed back surgery syndrome (FBSS) 
(Shafaie et al. 1997). FBSS is defi ned as signifi cant 
persistent back pain with or without radiating pain 
and/or various degrees of functional incapacity fol-
lowing back surgery. The most common causes in-
clude failure to recognize or adequately treat the 
cause of the pain, incomplete decompression, recur-
rent disc herniation, and spinal and/or foraminal 
stenosis (Van Goethem et al. 1997). Conservative 
estimates reveal that 10%–40% of back surgeries 
fail, although many studies indicate a much higher 

Fig. 15.4. Expected postoperative fi nding: bulging of the du-
ral sac at the laminectomy defect. Sagittal T1-WI. Patient 
after L4 and L5 laminectomy. Expansion of the dural sac at 
the site of laminectomy is a refl ection of bone insuffi ciency 
and does not represent true (pseudo-) meningocele and is 
clinically irrelevant
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percentage. Spinal surgery continues to dominate 
neurosurgical malpractice claims with 42% of the 
total, most from lumbar spine operations (Fager 
2006). The best way to prevent FBSS is to avoid sur-
gery that is apt to lead to an unsatisfactory result, 
hence the critical importance of thorough preop-
erative imaging evaluation. Still, the number of 
discectomy procedures in the US alone was around 
300,000/year in the period from 1990 to 2000. Even 
with a conservative guess of 10% of patients with 
FBSS this represents at least 30,000 new cases in the 
US each year. In one study carried out among 35,309 
patients undergoing an initial discectomy, 4943 
(14.0%) had at least one reoperation and 803 (2.3%) 
had two or more reoperations, and as such patients 
with one reoperation after lumbar discectomy had 
a 25.1% cumulative risk of further spinal surgery in 
a 10-year follow-up (Osterman et al. 2003).

15.4.2 

Early Complications

15.4.2.1 

Hematoma

Although uncommon, occurring in less than 1% of 
patients, symptomatic postoperative hemorrhage 
typically presents hours to days following the spi-
nal surgical procedure. MRI will show mixed blood 
breakdown products and is more sensitive than CT 
for both the detection of the hematoma and evalu-
ation of its extent (Fig. 15.5). Some hematomas may 
reach rather large sizes and can extend into the 
central spinal canal to compress the spinal nerves 
and/or cord (Fig. 15.5). Such cases potentially consti-
tute medical emergencies requiring urgent surgical 
evacuation.

15.4.2.2 

Spondylodiscitis

Spondylodiscitis, or discitis combined with vertebral 
osteomyelitis, is a relatively uncommon but serious 
complication of spinal (disc) surgery, which may lead 
to long-lasting and sometimes permanent morbidity. 
It can be encountered after surgery or chemonucle-
olysis, but can also occur after diagnostic procedures 
such as discography and myelography (Fraser et al. 
1986; Guyer et al. 1988; Scherbel and Gardner 
1960). Postoperative spondylodiscitis occurs in about 
0.4% of patients in the cervical spine (Bertalanffy 

and Eggert 1989), and between 0.1%–3% in the 
lumbar spine (Bircher et al. 1988; Lindholm and 
Pylkkanen 1982). Although the incidence of post-
operative infection may be progressively decreasing 
due to better technical and prophylactic measures, 
it has not been completely eliminated. The infection 
is mostly due to direct intraoperative contamination 
(Tronnier et al. 1992), although a pre- or periop-
erative infection at another anatomical site or an 
underlying immunocompromising condition can 
also predispose. The organisms involved are usually 
Staphylococcus epidermidis or Staphylococcus aureus 
(Grane et al. 1998).

Early diagnosis and appropriate treatment are 
mandatory to shorten the disease course and reduce 
the severe sequelae of spondylodiscitis. The diag-
nosis of postoperative spondylodiscitis depends on 
a combination of clinical, laboratory, and imaging 
fi ndings. It typically presents clinically with severe 
pain in the affected spinal region, with or without 
associated radiculopathy, and commonly 7–28 days 
after surgery (Dall et al. 1987).

Although diagnosing spondylodiscitis with the 
help of MRI in the non-operated patient can be 
quite straightforward, it is typically a more chal-
lenging problem in the postoperative spine. The op-
erated disc level always shows more or less extensive 
changes due to the surgical intervention itself and 
the accompanying postoperative aseptic infl amma-
tory response (Grane et al. 1998; Van de Kelft et 
al. 1996; Van Goethem et al. 1996). These altera-
tions may include Modic type I (e.g., marrow edema) 
changes of the adjacent peridiscal vertebral marrow 
(Fig. 15.6) (Modic et al. 1988). In addition, normal 
contrast enhancement can be seen in the interver-
tebral disc space and along the vertebral endplates 
postoperatively (Grand et al. 1993).

MRI is probably the only imaging modality able 
to make a signifi cant contribution to the diagnosis 
of postoperative spondylodiscitis (Van Goethem et 
al. 2000) (Fig. 15.7). Key points include:

The absence of peridiscal marrow changes (i.e., 
low signal intensity on T1-WI and high signal 
intensity on T2-WI) makes the diagnosis of septic 
spondylodiscitis highly unlikely
The same holds true for absence of enhancement 
of the intervertebral disc space.
An enhancing soft tissue mass surrounding the 
affected spinal level in the perivertebral and epi-
dural spaces is highly suggestive of septic spon-
dylodiscitis, requiring further evaluation of such 
patients. 

�

�

�
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Fig. 15.5a–d. Postoperative hematoma. Sagit-
tal T1-WI (a), sagittal T2-WI (b), axial T1-WI 
(c) and axial T1-WI after gadolinium enhance-
ment (d). Patient with numbness in both legs 
1 day after L5 laminectomy and L5–S1 discec-
tomy. Emergency MRI shows inhomogeneous 
lesion with high SI on both T1- and T2-WI. 
This is the clue to the diagnosis since no other 
lesion has high SI on T1-WI before gadolinium 
enhancement. Axial images before and after 
gadolinium show more or less the same picture 
with a large hyperintense mass fi lling the spinal 
canal and obliterating the dural sac

c d

ba

Fig. 15.6a,b. Postoperative ‘aseptic’ spondylodisci-
tis. Sagittal T1-WI (a) and sagittal T2-WI (b). Patient 
2 weeks after L4–L5 discectomy with mild recurrent 
low back pain. High SI on T2-WI and low SI on T1-
WI in the vertebral endplates adjacent to the operated 
intervertebral disc represents bone marrow edema. 
Also note partially high SI of the disc on T2-WI. The 
absence of laboratory fi ndings and clinical symptoms 
consistent with or suggestive of septic spondylodisci-
tis, and the absence of (an evolution to) a completely 
bright disc on T2-WI, led to the diagnosis of ‘asep-
tic’ spondylodiscitis (infl ammatory changes without 
infection) a b
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Fig. 15.7a–e. Postoperative spondylodiscitis. Sagittal T1-WI (a), sagittal T2-WI (b), axial T1-WI (c), sagittal (d), and axial 
T1-WI after gadolinium enhancement (e). Patient 3 weeks after L5–S1 discectomy with severe recurrent low back pain. In 
comparison to Fig. 15.6 the complete intervertebral disc has high SI on T2-WI. Also note extensive enhancement in the inter-
vertebral space and in the adjacent bone marrow. In addition there is a large enhancing soft tissue mass in the paravertebral 
space around the intervertebral disc and along the surgical route with focal abcedation (non-enhancing portion)

a b c

d e

However, the role of MRI alone continues to be 
debated and is not universally accepted (Boden et 
al. 1992; Grane et al. 1998; Schulitz and Assheuer 
1994). Therefore, in inconclusive cases, one should 
attempt to confi rm the diagnosis through percu-
taneous biopsy (Fouquet et al. 1992). A large bore 
nucleotome is needed (Onik 1996), since fi ne-needle 
aspiration is often negative in septic spondylodisci-
tis (Demaerel et al. 1994; Grane et al. 1998).

On the other hand, since most postoperative 
spinal infections are caused by Staphylococcus au-
reus, appropriate antibiotic therapy can be started 

in cases of probable spondylodiscitis even when no 
conclusive diagnosis is reached.

15.4.2.3 

Pseudomeningocele

Pseudomeningoceles are CSF-filled collections 
extending from the central spinal canal into the 
perispinal soft tissues (Horowitz et al. 1990). It 
is an uncommon complication, being often an in-
cidental finding causing no symptoms. These are 
not true meningoceles since they have no true 
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arachnoidal lining, but instead walls of reactive 
fibrous tissue.

Pseudomeningoceles typically develop after in-
advertent surgical laceration of the dural sac during 
surgery or following incomplete closure of the dural 
sac in cases of intradural surgery. Usually, they pro-
trude through a surgical bony defect of the posterior 
spinal elements to form a cystic lesion with imaging 
characteristics comparable to CSF both on CT and 
MRI (Fig. 15.8).

In the cervical spine, pseudomeningoceles mostly 
develop after an anterior approach, and here they 
may present a diffi cult challenge to treat (Andrew 
and Sidhu 2005). Patients with ossifi cation of the 
posterior longitudinal ligament (OPLL) are espe-
cially prone to dural leaks and resultant pseudo-
meningocele formation.

In some cases, compression of nerve roots and/or 
the spinal cord may occur, causing symptoms. Spi-
nal cord herniation in the pseudomeningocele is a 
rare but serious condition, requiring urgent inter-
vention (Hosono et al. 1995).

15.4.3 

Late Complications

15.4.3.1 

Recurrent Disc Herniation – Epidural Scar Tissue

Differentiation between scar tissue and recurrent 
or residual disc herniation is important, since the 
latter is an indication for surgery. A recurrent disc 
herniation may actually be made up of disc mate-

Fig. 15.8a–d. Postoperative pseudomeningocele. 
Sagittal T1-WI (a), sagittal T2-WI (b), axial T1-WI 
(c) and axial T1-WI after gadolinium enhancement 
(d). Patient with recurrent low back pain several 
years after discectomy. A large mass protrudes in 
the bony surgical defect posterior at L4–L5. It has 
high signal on T2-WI, low signal on T1-WI, and 
shows minimal enhancement after gadolinium 
injection, i.e., cystic features. The location is typi-
cal for a postoperative pseudomeningocele. These 
usually develop after accidental dural laceration 
during surgery. Since they are not meningeal-lined 
they are called pseudo-meningoceles. Unless very 
large, these are usually incidental fi ndings

a b

c d
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rial, cartilage, bone, or any combination of these. 
It is less frequent in the cervical spine compared to 
the lumbosacral region (Van Goethem et al. 2002). 
One reason is a different surgical approach, since in 
the cervical spine an anterior cervical discectomy is 
often followed by fusion (ACIF), thereby restricting 
motion and diminishing loading. Furthermore, the 
cervical spine lacks the broad epidural fat lining in 
which epidural fi brosis is usually seen. However, it 
is an important issue in the postoperative lumbar 
spine.

Adequate differentiation may be achieved with 
relatively high accuracy on contrast-enhanced CT, 
but is even better made on contrast-enhanced MRI, 
which is the imaging modality of choice ( Bundschuh 
et al. 1990; Sotiropoulos et al. 1989). 

In the immediate postoperative phase, the epi-
dural space at the site of surgery fi lls with hemor-
rhagic and infl ammatory tissue and debris. In the 
fi rst days after surgery this may resemble a residual 
disc herniation, especially since the mass effect can 
be considerable and even more pronounced than 
in the preoperative phase. In the fi rst few days af-
ter surgery it may be impossible to make the differ-
entiation with a residual/recurrent disc herniation 
on imaging alone. In the following weeks there is 
reorganization and epidural granulation tissue is 
formed. This epidural granulomatosis shows strong 
enhancement with gadolinium. If there was residual 
mass effect, it will reduce in this phase unless a com-
plication exists (hematoma, infection, residual disc 
material). After several months, this epidural gran-
ulation tissue organizes into more ordered collagen 
fi bers to epidural scar formation (epidural fi brosis). 
At this time there is weaker enhancement.

The distinction between epidural fi brosis and re-
current disc herniation can usually be made using ex-
isting criteria (Bundschuh et al. 1988;  Bundschuh 
et al. 1990; Shafaie et al. 997;  Sotiropoulos et al. 
1989), including on the one hand obliteration of the 
epidural fat by uniformly enhancing scar tissue in 
the anterior, lateral, and/or posterior epidural space 
in epidural fi brosis, or, on the other hand, early cen-
tral non-enhancement in recurrent or residual disc 
herniation (Figs. 15.1, 15.2) (Table 15.2). Months 
after surgery the epidural tissue surrounding a re-
current disc herniation eventually leads to infl am-
matory changes in the disc material causing more 
or less enhancement of the recurrent disc material 
itself (Figs. 15.9, 15.10). This process may lead to 
complete spontaneous resorption of a recurrent disc 
herniation and is refl ected in changes of volume and 
enhancement of the prolapsed disc material.

The severity of recurrent symptoms has not been 
shown to correlate with the amount of epidural scar 
tissue (Cervellini et al. 1988; Coskun et al. 2000). 
Studies indicate that epidural fi brosis may be con-
sidered as a radiological entity independent of pa-
tients’ complaints (Coskun et al. 2000). Moreover, 
epidural fi brosis without signifi cant deformation of 
the dural sac and/or nerve root sheaths is a normal 
postoperative fi nding and as such does not consti-
tute a complication (Van Goethem et al. 2002). 

Also, when a residual disc herniation is present 
one should keep in mind that it is not necessarily 
responsible for the patient’s complaints (Weber 
1994). Herniated disc fragments, especially when 
extruded into the spinal canal (as is often the case 
in the postoperative phase), can regress spontane-
ously, mainly via phagocytosis (Komori et al. 1998; 

Table 15.2. Recurrent disc herniation vs. epidural fi brosis: fi ndings on MRI

Recurrent disc herniation Epidural fi brosis

T1-WI dark/intermediate intermediate

T2-WI usually dark but can be bright espe-
cially when recent

intermediate to bright

T1-WI +Gd dark but may enhance peripherally 
especially late after injection (+10min)

moderate to strong enhancement

Mass effect depends on position - can be severe usually minimal

Morphology smooth margins irregular

Natural evolution shrinks - enhances more enhances less

Site can be either site site of operation

Location can be anterior, anterolateral or lateral 
(very rarely posterolateral)

lateral from posterior to anterior
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Fig. 15.9a–d. ‘Old’ recurrent disc 
herniation. Sagittal T1-WI (a), sag-
ittal T2-WI (b), axial T1-WI (c) and 
axial T1-WI after gadolinium en-
hancement (d). Patient with long-
standing recurrent irradiating leg 
pain after L4–L5 discectomy. After 
months, a recurrent disc herniation 
shows increasing enhancement 
from the periphery inward. This is 
due to the replacement of disc ma-
terial by infl ammatory tissue and 
concomitant ingrowth of microves-
sels. The natural evolution of a re-
current disc herniation is a gradual 
transformation of disc material to 
fi brosis and fi nally resorption. This 
is why ‘older’ recurrent disc hernia-
tions can show peripheral enhance-
ment as in this case

a b

c d

Fig. 15.10a–c. ‘Old’ recurrent disc herniation. Axial T1-WI (a), axial T1-WI after gadolinium enhancement (b) and subtrac-
tion (c). In comparison to Fig. 15.9, this recurrent disc herniation shows more diffuse and also central enhancement as seen 
on the subtracted image. It is an illustration of the continuing process of resorption of recurrent disc material

a cb
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Weber 1994). Therefore, management of patients 
with FBSS remains diffi cult (Hudgins and Clare 
1990).

15.4.3.2 

Sterile Radiculitis

On MRI, enhancement of the intrathecal spinal 
nerve roots of the cauda equina following intrave-
nous gadolinium administration at a conventional 
dosage of 0.1 mmol/kg (0.2 cc/kg) is not a normal 
observation. With frank compression injury (e.g., 
by posterolateral disc herniation) to spinal nerves 
and nerve roots, however, this otherwise relatively 
intact blood–nerve barrier (BNB) may break down 
(Fig. 15.11). The complex and as yet poorly under-
stood sequelae of chronic neural trauma and isch-
emia are believed to be the cause of the abnormal 
neurophysiologic changes resulting in clinical ra-
diculopathy that may continue long after the disc 
herniation has been surgically removed (Jinkins 
1993).

In a study on asymptomatic postoperative pa-
tients, intrathecal nerve root enhancement was seen 
in 20% of cases 6 weeks after disc surgery, but in 
only 2% of patients after 6 months (Van Goethem 
et al. 2000). In a study of symptomatic postoperative 
patients, enhancement of spinal nerve roots after 
intravenous gadolinium administration was dem-
onstrated at, and extending cranially and caudally 
away from, the surgical site in the chronic postop-
erative period (i.e., more than 6–8 months after sur-
gery) (Jinkins 1993). 

15.4.3.3 

Sterile Arachnoiditis

The potential factors inciting chronic sterile spi-
nal arachnoiditis are much debated but include 
the surgical procedure itself, the presence of intra-
dural blood following surgery, diagnostic lumbar 

Fig. 15.11a–c. Recurrent disc herniation with radiculitis. Axial T1-WI (a), axial T1-WI after gadolinium enhancement (b) 
and axial T1-WI after gadolinium enhancement above the surgical level (c). Patient 6 months after surgery with recurrent 
leg pain. MRI shows the typical image of a recurrent disc herniation. The enhancing tissue posteromedially and intrathe-
cally does not represent scar tissue but are actually enhancing nerve roots. These can be traced upwards (c), sometimes all 
the way up to the conus medullaris

b

c

a
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Fig. 15.12a–c. Postoperative arachnoiditis. Sagittal T2-WI (a), axial 
T1-WI (b) and axial T1-WI after gadolinium enhancement (c). Patient 
several years after L4–L5 discectomy. These images show one of the 
typical patterns of postoperative arachnoiditis with an intrathecal en-
hancing soft tissue “mass” representing a large group of matted roots. 
Note the spreading of the nerve roots at the operated level on the sagit-
tal T2-WI

a

b

c

puncture, treated perioperative spinal infection, 
the previous use of myelographic contrast media 
(especially older oil-based preparations), and prior 
intraspinal injection of anesthetic, anti-infl amma-
tory, or chemotherapeutic agents (e.g., steroids, 
methotrexate). Chronically persistent lumbosacral 
signs and symptoms in 6%–16% of postsurgical 
patients have been attributed to sterile arachnoidi-
tis. The three MRI patterns described in adhesive 
arachnoiditis include: scattered groups of matted 
or “clumped” nerve roots; an “empty” thecal sac 
caused by adhesion of the nerve roots to its walls; 
and an intrathecal soft tissue “mass” with a broad 
dural base, representing a large group of mat-
ted roots, which may obstruct the CSF pathways 
(Fig. 15.12) (Shafaie et al. 1997). These changes 
may be focal or diffuse. Contrast enhancement of 
the thickened meningeal scarring and underly-
ing intrathecal roots may or may not be observed 
(Jinkins 1993).

15.4.3.4 

Textiloma

A surgical sponge or “cottonoid”, accidentally left 
behind in a surgical wound, eventually becomes a 
textiloma (Guiard et al. 1988). The term “gossybi-
poma” was used in older literature to denote a mass 
composed of a cotton matrix (Williams et al. 1978). 
The foreign body is made of synthetic cotton-like 
(“cottonoid”) fi ber (“rayon”) usually containing a 
barium sulphate marking fi lament, visible on radio-
graphic examinations. The pseudotumor consists 
of the foreign body itself with perilesional reactive 
changes, forming a foreign-body granuloma.

MRI can be confusing and misleading because the 
most typical radiographic sign of a forgotten “cotto-
noid”, the fi lament, is not visible on MRI. Indeed, this 
fi lament consists of barium sulphate, which is neither 
magnetic nor paramagnetic, and therefore causes no 
visible magnetic trace on MRI (Fig. 15.13).
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Fig. 15.13a-g. Textiloma. AP plain fi lm (a), CT soft tissue window (b), CT bone 
window (c), and of another patient sagittal T1-WI (d), sagittal T2-WI (e), axial T1-
WI (f), and axial T1-WI after gadolinium enhancement (g). Textiloma on plain 
fi lm and CT scan with the typical dense barium-impregnated marking fi lament. 
In another patient, MRI shows a mass lesion with an enhancing irregular wall 
and a characteristic low SI on T2-WI, refl ecting a dense fi brous tissue reaction 
peripherally and central foreign body material lacking mobile protons

a

b c

These lesions show a moderate degree of periph-
eral contrast enhancement on T1-WI, believed to be 
related to an infl ammatory foreign-body reaction. 
On T2-WI, these lesions give low signal, presumably 
refl ecting a dense fi brous tissue reaction periph-
erally, and central foreign body material lacking 
mobile protons (De Marco et al. 1991; Van Goet-

hem et al. 1991). This also explains the centrally 
non-enhancing area on contrast-enhanced T1-WI 
(Fig. 15.13). 

15.4.3.5 

Stenosis

One should be aware of the possibility of changes 
in the size and shape of the spinal structures which 
may develop as a result of discectomy. One conse-

quence can be secondary stenosis of the central 
portion or lateral recesses of the central spinal 
canal, and one or more neural foramina. These 
are probably an important but under-recognized 
cause of the FBSS, and may predate or follow spi-
nal surgery. According to some studies, foraminal 
stenosis is the most common cause of FBSS, seen 
in 25%–29% of patients with FBSS (Schofferman 
et al. 2003).

When the stenosis follows surgery, it may 
 present years after the operation, as a result of ac-
celerated degeneration after (partial) discectomy. 
Loss of intervertebral height, either as a direct ef-
fect of discectomy and/or because of (accelerated) 
postsurgical degeneration, also induces foraminal 
narrowing and stenosis. Although published stud-
ies have methodological biases and small sample 
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sizes, it appears that the sensitivity to and specifi c-
ity for spinal stenosis of MRI and CT are similar: 
true-positive rates of approximately 90%, false-
positive rates of approximately 10% (Shafaie et al. 
1997).

Lumbosacral neural foramen narrowing is best 
imaged with direct sagittal T1-WI. Foraminal nar-
rowing with nerve root impingement, due to loss 
of intervertebral disc height after complete discec-
tomy is not uncommon. Therefore, some surgeons 
resect only the visibly herniated or sequestered 
disc material after blunt enlargement of the site 
of annular rupture in an attempt to preserve the 
biomechanics of the disc. Unfortunately, this also 
leaves behind a signifi cant amount of nuclear and 
annular material, which may lead to recurrent her-
niation.

15.5 
Conclusion

Despite advances in imaging technology, imaging of 
the postoperative spine remains a challenging and 
diffi cult issue. As demonstrated, one or a combina-
tion of complimentary medical imaging modalities 
may be required in a given patient to diagnose the 
clinically relevant abnormality and to assist the sur-
geon in deciding whether repeat surgery is neces-
sary, and if so, of what type and at which vertebral 
level(s). A clear understanding of the indications, 
limitations, and alternatives available to the imag-
ing specialist will assist the referring physician in 
achieving the most effi cacious triage, as well as pro-
moting the most benefi cial and timely outcome for 
the individual patient.
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imaging technique and to interpret imaging studies 
it is essential to know what surgical approach was 
used and what implants or instrumentation was uti-
lized. 

The scope of available implants for use in the 
spine is so vast and so rapidly evolving that it is im-
possible to make a complete inventory. Instead, the 
general approaches to spinal instrumentation are 
discussed.

16.2 
Approaches

16.2.1 

Implants Inserted Through a Posterior Approach

Posterior approaches are mainly midline at the level 
of the skin, yet the fascia can be incised over the 
midline or parasagittally as described by Wiltse 
(1973). Most surgery is aimed at either decompress-
ing neural structures contained in the osteoligamen-
tous structures of the spine, or at fusing two or more 
vertebrae. When implants are used, it is important 
to realize that, whereas they may provide an initial 
stability, their ultimate function is only to provide 
this stability during the period of bone graft heal-
ing which is the fi nal goal of the operation. Screws 
can be inserted in the pedicles and hooks anchored 
on laminae or pedicles. These anchorage points are 
then interconnected rigidly or dynamically, by rods, 
plates, or elastic devices. Such implants can be made 
of stainless steel, yet most are of a titanium alloy. 
The use of pedicle screws was pioneered by Roy-
Camille (1970, 1986) and rapidly taken over by sur-
geons all over the world. The anatomy of the pedicle 
indeed allows a good and strong purchase of screws. 
Yet, it is small in size and screw misplacement can 
have dramatic complications by damaging nearby 
spinal nerve roots or ganglia (Fig. 16.1).
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16.1 
Introduction

In this chapter the different types of implants and 
their respective surgical approaches are discussed 
(Szpalski et al. 1998). Imaging of the instrumented 
spine is covered in the next chapter.

Implants in spine surgery are used for trauma, 
deformity, tumors, and degenerative conditions. 
Surgical treatment of degenerative conditions, how-
ever, is still controversial.

Over the years there has been a convergence of or-
thopedic surgery and neurosurgery towards “spine 
surgery” as such. A spine surgeon should be able to 
offer the complete array of surgical approaches and 
techniques to his patients. Indeed, for some indica-
tions, an anterior, posterior, or combined approach 
may be necessary.  In order to use the most adequate 
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Indications: mostly decompression and/or fu-
sion:

Trauma
Stabilization
Vertebroplasty, kyphoplasty

Deformity
Mainly scoliosis
Screws, hooks, and rods

Tumor
Restoration of stability after resection

Degeneration
Spondylolisthesis
Fusion of painful segment
Disc prostheses

Posterior approaches:

Pedicle screws and/or hooks, interconnection 
with rods, plates or elastic devices

Translaminar or transfacet screws

Intersomatic devices (PLIF: posterior lumbar 
interbody fusion)

�

�
–
–

�
–
–

�
–

�
–
–
–

�

�

�

�

Anterior approach:

Intersomatic devices (ALIF: anterior lumbar 
interbody fusion)

Plates, staples, wires, and/or rods

Route:
Upper cervical: transbuccal
Lower cervical: paravertebral
T1 to T3: diffi cult
Thoracic: transpleural
Thoracolumbar: thoraco-phreno-
lumbothomy
Lumbosacral: retroperitoneal

�

�

�

�
–
–
–
–
–

–

Devices can also be inserted between spinous 
processes; those are used in spinal stenosis with 
neurogenic claudication. The rationale is to prevent 
extension of the motion segment since this causes a 

decrease of the dural sac diameter by buckling of the 
ligamentum fl avum, and/or a decrease in size of the 
intervertebral foramen.

Through a posterior approach translaminar or 
transfacet stainless steel screws can also be inserted 
(Fig. 16.2).

Intersomatic devices can be inserted in the disc 
space through a posterior approach in order to 
achieve a so-called posterior lumbar interbody fu-
sion (PLIF). In order to insert these devices, the 
neural canal must be opened and the dura retracted 
widely. This may lead to fi brotic adhesions and even 
nerve damage. Finally, devices can be inserted inter-
somatically or in the vertebral bodies via a transpe-
dicular or paravertebral approach.

16.2.2 

Implants Inserted Through an Anterior or 

Antero-lateral Approach

Through an anterior or antero-lateral approach, im-
plants can be placed at the level of the discs (anterior 
lumbar interbody fusion, ALIF) or longer cages may 
replace one or several vertebral bodies in cases of 

Fig. 16.1. Axial CT image showing pedicle screw misplace-
ment. The right pedicle screw transverses the lateral recess 
with possible nerve damage
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Fig. 16.2a,b. Lateral (a) and AP (b) plain fi lm of a 360  fusion. Carbon cage between the vertebral bodies (inserted through 
an anterior retroperitoneal approach: anterior lumbar interbody fusion) and screws through the facet joints at the back

a b

vertebrectomy. There are also plates, staples, wires, 
rods, or combined devices which may span several 
vertebral segments.

The approach to the spine can be large and 
open, small and open, or small and endoscopic. In 
the cervical area implants are usually inserted via 
transbuccal route for the upper levels or an anterior 
paravertebral approach for surgery down to T1. T1 
through T3 are diffi cult to access surgically. Below 
that, a transpleural approach will allow good ac-
cess to the spine. For the thoracolumbar area, a tho-
raco-phreno-lumbotomy will be required, and for 
the lumbosacral spine a retroperitoneal approach 
is preferred over a transperitoneal approach. Each 
of these approaches may lead to specifi c complica-
tions which may require specifi cally adapted imag-
ing techniques.

16.2.3 

The 360  Approach

A combination of interbody devices inserted an-
teriorly or posteriorly with pedicle or facet fix-
ation at the back is referred to as 360  fusion. 
(Fig. 16.2).

16.3 
Specifi c Types of Surgery

Tumor surgery, which can be curative or palliative, 
requires the resection of diseased tissue often result-
ing in a violation of the structural stability of the 
spine. Such operations will therefore be completed 
by an attempt to restore this stability. Implants will 
consist of posterior instrumentation and/or ante-
rior instrumentation such as cages sometimes rein-
forced by plates. Bone grafts (vascularized or not), 
synthetic bone grafts, or even bone cement may be 
used during these interventions, and all these may 
affect postoperative imaging.

Trauma surgery is indicated either when fracture 
stabilization has to be achieved and/or when a de-
formity needs to be corrected. Recently, new tech-
niques to treat osteoporotic vertebral compression 
fractures are becoming increasingly popular. One of 
these techniques relies on percutaneous injection of 
cement in the vertebra (vertebroplasty) or percuta-
neous fracture reduction by the infl ation of balloons 
(kyphoplasty) or Dacron bags (Optiplasty) inserted 
into the collapsed vertebra. Cement or grafts are 
then inserted to maintain this reduction (Mehbod 
et al. 2003).

Deformity surgery can be divided into several 
categories. Adolescent idiopathic scoliosis repre-
sents the bulk of these cases. Surgery will require 
long posterior stabilizations, often combined with 
anterior releases and stabilizations. The hardware 
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in these cases comprises an arrays of screws, hooks, 
and rods (Fig. 16.3). Kyphotic deformities due to 
Scheuermann’s disease, ankylosing spondylitis, or 
vertebral compression fractures may require verte-
bral osteotomies, stabilized with hardware. Defor-
mities in the elderly are mostly at the lumbar level 
and often need to be fused either in situ or after de-
compression of the neural structures and an attempt 
at reduction. The fi nal category of deformity cases 
consists of major deformities encountered in infants 
presenting with muscular dystrophies or other con-
genital anomalies.

Except for a few specifi c cases, such as lytic and 
degenerative spondylolisthesis, there are no abso-
lute indications for the use of implants in degenera-
tive spine surgery. Yet the bulk of implants inserted 

Fig. 16.3. PA plain fi lm. Long thoracolum-
bar posterior fusion for idiopathic scoliosis 
with multiple pedicle screws and two long 
rods. (Courtesy E. Munting)

Fig. 16.4. 360  fusion at L4–L5 and L5–S1 with facet screws 
at the back and carbon cages in the front. The carbon cages 
have metal markers to improve radiographic visibility. This 
lateral view extension shows a space between the cage and 
the bone indicating a non-union at L4–L5 (arrows)

worldwide is for degenerative low back pain. The ra-
tionale is to fuse the segments deemed to be respon-
sible for the pain (Fritzell et al. 2001). To which 
extent the results can be enhanced by the addition of 
implants for the most part remains uncertain. Only 
a few well-conducted studies address this problem 
and most do not show clinical advantages of added 
instrumentation (Fritzell et al. 2001). One of the 
most controversial aspects of these procedures is the 
determination of an acquired fusion vs non-union 
or pseudarthrosis (Albert et al. 2000; Pearcy and 
Burrough 1982). The very presence of implants 
makes imaging diffi cult, and multiple techniques 
have been devised to try to assess this problem. 
These techniques include plain fi lms with or with-
out dynamic imaging, multirow detector CT, MRI, 
and nuclear medicine (Fig. 16.4). Another aspect of 
the use of implants, which may prove a problem in 
the future, is the possibility of wear debris deposits 
around the spine as polyethylene and metal-on-met-
al implants are being used more frequently ( Hallab 
et al. 2003).

A full array of implants has been proposed and 
used. Posterior instrumentation comprises pedicle 
screws and rods or plates (Fig. 16.5). Alternatively, 
more dynamic constructs have been introduced. 
As the pain mostly originates from the interverte-
bral disc, a resection of this structure followed by 
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Fig. 16.5. AP plain fi lm. L3–S1 fusion support-
ed by pedicle screws at the back. For an L5–S1 
non-fusion (notice loosening around S1 screws; 
arrows) two hollow spherical intersomatic im-
plants were later inserted through a laparo-
scopic approach

Fig. 16.6a,b. Lateral (a) and AP (b) plain fi lm. L5–S1 ante-
rior fusion with a fi bular autograft

a

some replacement has been proposed and executed 
through a posterior or anterior approach. Allografts, 
such as femoral rings, or autografts, such as fi bular 
struts, are employed (Fig 16.6). Alternatively, carbon 
cages fi lled with autologous bone or synthetic bone 
are also being applied (Fig. 16.4). Rigid metal cages 
of all shapes and sizes have been introduced at the 
intersomatic level (Fig 16.5).

Intervertebral disc prostheses have been used for 
several years now, but this technique enjoys a sudden 
popularity with a spectacular increase in numbers. 
Numerous implants have been patented (Szpalski 
et al. 2002), yet only a handful have reached clinical 
use. The most important point regarding these im-
plants is that they require an absolutely impeccable 
positioning. Such a prosthesis may not be placed 
off-center or into the vertebral bodies. Polyethylene 
cores can be dislodged and compress neural or vas-
cular structures requiring specifi c imaging methods. 
What the future of these devices will be in the light 
of the ever lengthening life expectancy and advanc-
ing osteoporosis with age remains an unanswered 
question. Specifi c devices are being developed for 
the cervical and lumbar spine (Figs. 16.7, 16.8).

Fig. 16.7. AP plain fi lm perpendicular to a L5–S1 disc pros-
thesis. In this example a metal-on-metal device was used

b
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17.1 
Introduction

Spinal instrumentation has undergone tremendous 
evolution in the more than 125 years since the fi rst 
reported internal fi xation of the spine in 1888 by B. F. 
Wilkins, who reduced a dislocated T12–L1 vertebrae 
by fi xing a wire with carbonized silver suture passed 
around the pedicles of the T12 and L1 vertebrae 
(Cotler 1999). In 1911 Albee and Hibbs, at two dif-
ferent institutions in New York, performed the fi rst 
biological fusion procedures of the spine by using 
autogenous bone graft (Albee 1911; Hibbs 1911). 
Between these historical events, one of the most sig-
nifi cant technological advances to impact the devel-
opment of spinal instrumentation (and medicine in 
general) took place: William Roentgen’s discovery of 
X-ray imaging in 1895. Since these early events, the 
two landmark developments in spinal instrumenta-
tion of the past century were the interspinous wiring 
technique described by Rogers in the early 1940s and 
the rod/hook instrumentation system of Harrington 
for treatment of postpoliomyelitis scoliosis in the 
1950s (Benzel 1994).

The goal of spinal instrumentation is to maintain 
or correct anatomic alignment of spinal segments by 
sharing the loads acting on the spine, usually until 
a solid biological fusion occurs. Biological fusion 
refers either to the natural healing of traumatic ver-
tebral fractures or surgically decorticated bony sur-
faces, or to the incorporation of bone graft material. 
Autologous bone continues to be the most common-
ly employed material to establish bony arthrodesis 
regardless of the fusion procedure type, implant 
device, or instrumentation used. Morselized auto-
graft, bone chips harvested usually from iliac crest 
(or spinous processes if concomitant laminectomy 
is performed) is typically incorporated within or 
around cage devices and spacers, femoral ring al-
lografts, or threaded allograft bone dowels, as well 
as along decorticated facet joints and lamina in rod 
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Spinal instrumentation:

Serves to maintain or correct anatomic align-
ment

Usually until a solid biological fusion occurs

Role of imaging:

Intraoperative image guidance
C-arm fl uoroscopy
C-arm portable CT scan
CT – computer-aided surgery (CAS)

Positioning of grafts, implants, or hardware 
Plain fi lm
CT, especially MDCT

Postoperative assessment of complications
CT, especially MDCT
MR

Early postoperative complications (fi rst few 
weeks or months):

Graft extrusion

Implant or hardware misplacement

Infection

Dural leak, pseudomeningocele

�

�

�

�

�
–
–
–

�
–
–

�
–
–

�

�

�

�

�

Late postoperative complications (months or 
years):

Pseudarthrosis, non-union
Gold standard is surgical exploration com-
bined with clinical data
MDCT (and plain fi lm): abnormal lucency 
with surrounding sclerosis
MR: reactive marrow changes (low SI on T1, 
high SI on T2) and enhancement with gado-
linium

Graft subsidence, migration, extrusion, frag-
mentation, and/or collapse

Hardware failure
Occurs usually with non-union
Loosening: lucent halo with surrounding 
sclerosis

�

�
–

–

–

�

�
–
–

instrumentations and posterior fusions, and along 
decorticated transverse processes in posterolateral 
fusions. The relatively recent development of de-
mineralized bone matrix (DBM), bone morphoge-
netic proteins (BMP), and biocompatible synthetic 
materials is making greater inroads into this depen-
dency on autologous graft harvesting (Burkus et al. 
2002a,b; Price et al. 2003; Sandhu 2004).

17.2 
Imaging in Uncomplicated Spinal Fusion

Imaging assumes two principal roles in the evalu-
ation of the intra- and postoperative patient with a 
spinal implant: intraoperative image guidance for 
placement of the implant and postoperative assess-
ment of complications. These roles are accomplished 
primarily with plain X-rays and CT. Nuclear medi-
cine scintigraphy assumes an adjunct role in select 
cases for assessment of non-union or hardware 

loosening. Magnetic resonance imaging has thus far 
not been useful for direct assessment of implants 
or hardware, but it assumes a primary role for all 
other operative complications not directly involving 
grafts, implants, or hardware.

17.2.1 

Computed Tomography and Plain X-ray

The relatively recent development of multirow de-
tector CT with near isotropic voxel imaging capa-
bility has greatly enhanced the assessment of fused 
spines, both due to enhanced spatial resolution in 
three dimensions as well as reduced metallic arti-
facts. Although routine CT scans may be acquired 
at 1-mm beam collimation with multiplanar recon-
structions formatted at 3-mm intervals, if a specifi c 
site is of particular concern, additional imaging at 
sub-millimeter collimation should be performed 
with thinner reconstruction intervals. In addition to 
standard axial, sagittal and coronal multiplanar re-
constructions of helical volumetric data sets, angled 
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or curved reformats should be performed at a post-
processing workstation if needed to address specifi c 
concerns. Linear polytomography is only indicated 
when older stainless steel hardware is present that 
precludes adequate CT imaging.

17.2.1.1 

Posterior and Posterolateral Fusion

Graft material is either autologous (autograft) or al-
logeneic (allograft). Morselized autograft has been 
the mainstay of posterior and posterolateral fusion 
procedures for many years. Posterior fusion is char-
acterized by autograft placed along decorticated fac-
ets and/or laminae. The radiographic appearances 
are quite variable from patient to patient, some 
showing large solid fusion masses, whereas others 
demonstrate small, wispy bone graft that may be 
inapparent on plain X-ray and subtle even on CT, 
particularly if small amounts of graft were placed 
only along decorticated facets (Fig. 17.1).

Posterolateral intertransverse fusion masses are 
usually more apparent on plain fi lms and CT. The 
early postoperative radiographic appearance is 
characterized by a coarse, ill-defi ned gravel-like ap-
pearance which may be diffi cult to visualize. This 
gradually consolidates over several months into a 
solid bony fusion within the fi rst postoperative year 
(Fig. 17.2). Posterior and posterolateral fusions are 
much more variable in fi nal appearance than inter-
body fusions, some showing discrete, well-formed 
solid fusion masses, whereas others demonstrate a 
somewhat fragmented appearance that belies the in-
tactness of the underlying fusion (Fig. 17.1c).

17.2.1.2 

Interbody Grafts and Implants

Tricortical iliac crest grafts are less commonly used 
for interbody grafting in heavy load-bearing seg-
ments such as the lumbar spine due to relative lack 
of compressive strength compared with cortical al-
lografts and cages, as well as donor site morbidity 
issues. Femoral ring allografts are widely used in 
anterior lumbar interbody fusion (ALIF) proce-
dures (Fig. 17.2a). These cortical grafts, made from 
sectioned cadaveric femurs, have great compres-
sive strength to resist the high axial-loading forces 
encountered in the lumbar spine. The central cav-
ity is typically packed with autologous bone chips, 
demineralized bone matrix (DBM), and/or bone 
morphogenetic protein (BMP) to establish fusion 

(Burkus et al. 2002a). Threaded allograft bone dow-
els, also made from dense cortical bone, have good 
compressive strength and are similar to threaded 
metal cages in external morphology. These grafts 
often have a central cavity for packing of autograft, 
DBM, or BMP. Threaded bone dowels can be im-
planted by either posterior or anterior approach. 
In the cervical spine, the original Smith-Robinson 
procedure utilized tricortical iliac crest autograft 
for interbody fusion. Presently, the most commonly 
used interbody grafts for anterior cervical diskec-
tomy and fusion (ACDF) are small fi bular allograft 
plugs, which also have a central core that can be 
packed with autologous bone chips, DBM, and/or 
BMP. The radiographic appearance of interbody 
grafts of all types in the early postoperative period is 
characterized by a well-defi ned, dense graft implant 
with sharp margins. On plain X-ray, an apparent 
thin perigraft lucency not seen on CT may be present 
for several months (Fig. 17.2a). The margins gradu-
ally blur and disappear as the graft becomes fully 
incorporated and replaced by new bone. After many 
years, some interbody fusions can have the appear-
ance of physiologic ankylosis (Fig. 17.3).

Interbody cages are either threaded or impacted, and 
may also be applied from posterior, anterior, or trans-
foraminal approaches. Threaded interbody cages are 
cylindrical devices fi lled with autograft and implanted 
in a horizontal position. As the term implies, they have 
a threaded outer contour, which aids in insertion and/
or maintaining implant position (Fig. 17.4). Impacted 
cages are much more variable in design. Smaller up-
right cages are designed for interbody placement 
from either posterior or transforaminal approaches 
(Fig. 17.2b). Currently, the most commonly used mate-
rial for cage devices is titanium. Newer materials are 
particularly advantageous from a postoperative im-
aging perspective. Being essentially radiolucent, they 
elicit no streak artifact on CT scanning or susceptibil-
ity artifacts on MRI (Fig. 17.5).

Simple interbody spacers may be made of allograft 
bone or a variety of newer synthetic materials made 
in a tremendous variety of shapes, usually designed 
for implantation from a posterior approach. Auto-
graft, DBM, and/or BMP are packed around, rather 
than within, these implants (Fig. 17.6).

On plain fi lms, cages should appear “cleanly” sit-
uated within the disc space with no adjacent lucency 
or sclerosis. On the anteroposterior view, metal cages 
in intact fusions appear to “fl oat” within the inter-
vertebral space (Fig. 17.4a,b). With multislice helical 
CT and multiplanar reconstructions less than 3 mm 
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Fig. 17.1a–d. Posterior lumbar fusion. a Lat-
eral plain X-ray of 72-year-old man with old 
posterior lumbar fusion at L4–L5 and L5–S1 
shows solid mature bony arthrodesis of pos-
terior facets and laminae. Many posterior fu-
sion masses are signifi cantly less conspicuous. 
b Magnetic resonance imaging (arrows) and 
c multiplanar 3D CT show variable appear-
ances of posterior fusion masses. Fusion 
masses may be intact yet appear quite ir-
regular and even fragmented (c, arrows) on 
any single slice due to multiple irregular sur-
face and internal crevices. Early postopera-
tive posterior fusion graft may be diffi cult to 
visualize on plain X-ray, but usually can be 
seen on CT (d, arrows)

a b

c

d
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Fig. 17.2a–c. Anterior lumbar interbody fusion (ALIF) with femoral ring allografts a and threaded interbody bone dowels b; 
posterior lumbar interbody fusion (PLIF) with titanium cage c. Posterior instrumentation and/or fusion usually accompany 
interbody fusion: posterolateral fusion and pedicle screw instrumentation a; posterior fusion and translaminar facet screw 
fi xation b; and posterolateral (intertransverse) fusion without instrumentation c. Note gravel-like appearance of intertrans-
verse bone graft in the early postoperative period (a, arrowheads), and solid appearance of older fusion (c, arrowheads). 
Marked variability in radiographic appearance typifi es posterior and posterolateral fusions

b

a

c
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thick, continuous bone traversing the openings of 
the cage can be clearly delineated (Fig. 17.4c). Cages 
inserted in posterior lumbar interbody fusion (PLIF) 
or unilaterally in transforaminal lumbar interbody 
fusion (TLIF) are sometimes positioned somewhat 
posteriorly within the disc space, and prevertebral 
vascular clips used in anterior approaches are ab-
sent. In the early postoperative period, morselized 
autograft placed within and/or around these devices 
is not visible on plain X-rays and is usually only vis-
ible radiographically within cages made of radiolu-
cent materials (Fig. 17.5b).

For corpectomy procedures larger strut grafts are 
used. Femoral strut allografts are designed for use 
in lumbar or thoracic spine, typically applied with 
lateral rod or plate instrumentation. Fibular strut 
allografts or tricortical iliac crest grafts may be used 
in anterior cervical corpectomy and fusion in com-
bination with anterior plates (Fig. 17.7).

17.2.1.3 

Posterior Instrumentation

Posterior instrumentation is of three main types: 
(a) rods with sublaminar hook or wire fi xation; (b) 
pedicle screw systems with rods or plates; and (c) 
simple facet joint fi xation with lamina facet screws. 
Combination hook/wire/pedicle screw systems are 
also used.

The Harrington and Luque rod systems are the 
prototypes of the rod and hook/wire systems. Nu-
merous modifi cations to rod and hook designs have 
taken place over the past several decades in attempts 
to overcome previous shortcomings, the most com-
mon of which were mechanical failure through 

breakage or hook dislodgement, and fl at-back syn-
drome (Harrington 1960, 1988). Hooks pointed 
away from the center of the rods provide distrac-
tion forces while hooks pointed toward the center of 
the rods provide compression (Albert et al. 1999). 
Luque’s system, by contrast, used sublaminar wiring 
with rods to achieve multiple points of fi xation and 
apply horizontally oriented corrective forces for de-
formity and spinal stabilization (Fig. 17.8) (Luque 
1982; Thometz and An 1999). Radiographs seldom 
show clearly the posterior bony fusion along the fac-
ets unless a pseudarthrosis becomes apparent.

Currently, pedicle screws with rods or plates are 
the most commonly used posterior instrumenta-
tion systems. These can now even be placed entirely 
through a “minimally invasive” percutaneous pro-
cedure. Advances in pedicle screw materials have 
paralleled that for implant devices, including radio-
lucent bioabsorbable materials such as polylactate.

Translaminar facet joint fi xation with cortical 
screws is a simple method of posterior fi xation, and 
may be applied to add stability to interbody, poste-
rior (facet or interlaminar), or posterolateral (inter-
transverse) fusions (Fig. 17.2b).

In the cervical spine, posterior instrumentation 
includes interspinous or sublaminar wiring tech-
niques, interlaminar clamps, and lateral mass fi xa-
tion constructs consisting of screws with plates or 
rods (Fig. 17.9).

17.2.1.4 

Anterior Instrumentation

Anterior instrumentation can be categorized into 
two main types: rod-screw systems and plate-screw 

Fig. 17.3. A 68-year old man 12 years 
after plate/screw interbody fusion at 
L2–L3 with appearance approaching 
ankylosis (arrows). Posterior fusion 
and pedicle screw instrumentation at 
L1–L2 was more recent
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Fig. 17.4a–c. Threaded titanium interbody cages used in ALIF a and PLIF b,c. Anterior approach (ALIF) is refl ected in the 
presence of vascular clips anterior to left side of L5 as well as relative large size and anterior positioning of the titanium 
cages. In PLIF note somewhat smaller size of cages, as well as absence of surgical clips anteriorly, and the slightly oblique 
orientation of the cages refl ecting the direction of insertion from posterior approach. Multiplanar 3D CT shows solid bony 
arthrodesis through the openings of the cage (c, arrows)

b

a

c
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Fig. 17.5a–c. A 62-year-old woman with metastatic breast cancer: T6 anterior corpectomy and fusion using radiolucent 
carbon-fi ber-reinforced polymer (CFRP) cage. Small radio-opaque beads assist intraoperatively in cage placement (a, ar-
rowheads). In this case, anterior plate/screw instrumentation at left of T5–T6 is used only to prevent lateral graft extrusion 
(b, arrow). Radiolucent cage causes no CT streak artifact (b, arrowhead) or MRI susceptibility artifact (c, arrowheads). Note 
autograft bone visible on CT and MRI within the central cavity of the cage

a

b

c

Fig. 17.6. The PLIF using allograft bone spacers and pedicle 
screw instrumentation at L4–L5. Autograft and/or bone 
morphogenetic proteins adjacent to the spacers are typically 
not radiographically apparent
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Fig. 17.7a,b. C4, C5 anterior corpectomy and fusion with fi bular strut allograft and anterior plate instrumentation. Lateral 
plain X-ray a and MRI b. Sagittal T2-weighted image (b, left) shows typical hyperintense core of fi bular allograft (arrow) 
and mild susceptibility artifacts from titanium plate. Post-gadolinium axial T1-weighted image (b, right) shows contrast 
enhancement of the “trough” of the corpectomy (arrowheads), within which lies the fi bular strut (arrow)

a b

Fig. 17.8 Luque rod posterior instru-
mentation and fusion

Fig. 17.9 C5–C6–C7 anterior cervical 
diskectomy and fusion (ACDF) with 
anterior plate instrumentation and lat-
eral mass plate fi xation of C5–C6 after 
laminectomy
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systems. In the thoracic and lumbar spine rods and 
plates are generally placed laterally along the ver-
tebral bodies and provide load-sharing support to 
the fi xated segments. In the cervical spine, plates 
are placed anteriorly, and function both to provide 
load-sharing fi xation and to prevent graft extrusion. 
As with cages and other implants, recent and future 
work has been toward development of newer materi-
als, such as radiolucent bioabsorbable polymers.

17.2.1.5 

New Materials

A number of synthetic materials have recently be-
come available for use in spinal implantation that 
eliminate all image degradation from metal-related 
artifacts (Fig. 17.10). Carbon-fi ber reinforced poly-
mer and polyether-etherketone (PEEK), both ra-
diolucent polymers, have been used in a variety of 
cage and spacer designs (Brantigan and Neidre 
2003; Cho et al. 2002). In addition, polylactic acid 
(PLA) polymers, which have been used for some 
time in resorbable suture materials, are now being 
used in spinal implantation devices such as cages, 
plates, and even screws (Fig. 17.11). The PLA cag-
es are radiolucent and provide height restoration 
and load-sharing alignment support while a solid 
bony fusion evolves, then resorb after many months 
( Alexander et al. 2002; Robbins et al. 2004). Radio-
graphically, these devices allow for excellent assess-
ment of the graft/native bone interfaces on CT and 
better MRI evaluations because of the absence of 
artifacts (Fig. 17.5c) (Kuklo et al. 2004; Krijnen et 

al. 2004). Tantalum is a radio-opaque porous metal 
with good compressive strength that can be fash-
ioned into blocks or cages and conduct new bone for-
mation through small porous interstices ( Wigfi eld 
and Robie 2004). It causes even less artifacts than 
titanium on MRI but gives massive streak artifacts 
on CT. Calcium phosphate ceramic implants have 
relatively poor compressive strength, so they can-
not be used in high-load bearing regions, such as 
the lumbar spine, but have adequate strength for 
the cervical spine.

17.2.1.6 

Prosthetic Mechanical Discs

These devices were fi rst introduced in the late 1980s. 
A number of such artifi cial disc designs have become 
commercially available (Fig. 17.12). Bao (1996) clas-
sifi ed these devices into four categories: (a) low-fric-
tion sliding surface; (b) spring-and-hinge systems; 
(c) contained fl uid-fi lled chambers; and (d) discs 
comprised of rubber or other elastomers. The ma-
terials used by different manufacturers vary consid-
erably, with many different combinations of metals 
and polymers. Compared with spinal arthrodesis, 
these devices preserve at least some element of mo-
tion at the implanted segment, but the effects on 
adjacent motion segments and the facets have not 
been studied. In addition, mechanical wear and fa-
tigue with ultimate device failure are inevitabilities 
that have not been added to the equation in compar-
ing the overall clinical effectiveness of these devices 
vis-à-vis spinal arthrodesis procedures.

Fig. 17.10. Old stainless steel rods causing severe CT streak artifact (left) and MRI susceptibility 
artifacts (right)



  Imaging of the Postoperative Spine: Cages, Prostheses, and Instrumentation 407

Fig. 17.11. Polylactic acid radiolucent resorbable implant de-
vices: plates; cages; and screws. (From Neurosurgical Focus, 
American Association of Neurological Surgeons)

Fig. 17.12. Artifi cial disc implantation at L5–S1

17.2.2 

Magnetic Resonance Imaging

Because CT and plain fi lms provide virtually all rel-
evant diagnostic information, MRI is not currently 
routinely used to assess grafts, implants, or hard-
ware. It maintains its essential role in evaluating vir-
tually everything else in the postoperative patient: 
neural structures; infection; disc herniations, etc. 
With higher fi eld magnets and newer magnetically 
inert polymers being used for everything from cages 
to plates to screws, MRI may eventually be able to 
play a greater role (Fig. 17.13) (Van Goethem et al. 
2002; Jinkins and Van Goethem 2001; Krijnen et 
al. 2004).

17.3 
Intraoperative Image Guidance

Until recently, intraoperative image guidance has 
been limited to C-arm fl uoroscopy and portable plain 
X-rays. While these modalities certainly have been 
adequate for placement of most implant devices, ped-
icle screw placement requires a high degree of preci-
sion, particularly in the smaller upper thoracic levels. 
Recent reports suggest that the isocentric C-arm por-
table CT scanners recently developed for intraopera-
tive use provide a greater level of precision (Wang et 
al. 2004). Placement of screws using computer-aided 
surgery (CAS) techniques is also more reliable.

17.4 
Imaging of Postoperative Complications

Complications may be categorized broadly into in-
tra/peri-operative, early and delayed complications. 
Intra- and peri-operative complications are typically 
well-recognized surgical complications, most com-
monly direct injury to vascular or neural structures. 
Imaging of these complications, as well as some of the 
early postoperative complications, such as infection 
and dural leak, is essentially covered in the previous 
chapter on general postoperative spinal imaging and 
is not specifi c to spinal instrumentation: for instance, 
angiography for the assessment of vascular injuries 
and MRI for assessment of extradural hematomas or 
acute recurrent disc herniations.



408 P. E. Kim and C. S. Zee

17.4.1 

Imaging of Early Postoperative Complications

Early postoperative complications are primar-
ily those that occur in the fi rst few postopera-
tive weeks or months: graft extrusion; implant or 
hardware misplacement; infection; and dural leak 
(pseudomeningocele). Unless migration is severe, 
partial graft extrusion may remain asymptomatic, 
although the risk of delayed union or non-union 
may increase. Implant or hardware misplacement 
likewise may remain asymptomatic unless severe 
enough to impinge on neural structures. Posterior 
cage migration encroaching on the spinal canal is 
infrequently encountered. By contrast, pedicle screw 
misplacement is more commonly seen. Examination 
in multiple planes by CT should be performed be-
cause axial images alone can be misleading as the 
screw takes an oblique course through the pedicle, 
particularly if there is violation of the superior or 
inferior cortical margins of the pedicle (Fig. 17.14).

17.4.2 

Imaging Late Postoperative Complications

17.4.2.1 

Pseudarthrosis and Nonunion

Pseudarthrosis is defi ned as failure of attempted 
spinal fusion to achieve solid bony arthrodesis by 
1 year after surgery. The reported incidence of pseud-
arthrosis varies widely due to a multitude of disparate 
factors infl uencing outcomes: from 3–25% in postero-
lateral lumbar fusion, 4–68% in anterior lumbar in-

terbody fusion, and 3–46% in anterior cervical fusion 
(An et al 1995; Boleta et al. 2000; Emery et al. 1997; 
Mutoh et al. 1993; Silcox 1998; Turner et al. 1992). 
The factors infl uencing pseudarthrosis rates include 
such disparate issues as type of fusion procedure and 
graft type (auto vs allograft); use of instrumentation; 
BMP, etc.; and patient factors, such as tobacco use, 
corticosteroid administration, non-steroidal anti-in-
fl ammatory medications, and underlying conditions 
such as scoliosis and osteoporosis.

17.4.2.2 

Pseudarthrosis: Imaging Background

Despite the advances in imaging technology, the 
gold standard for diagnosis of pseudarthrosis con-
tinues to be surgical exploration combined with 
clinical data. The sensitivity and specifi city of ra-
diographic studies for assessment of non-union in 
spinal fusion has historically been low, with overall 
agreement rates for plain X-ray and surgical fi nd-
ings reported at 68–69% (Blumenthal and Gill 
1993; Kant et al. 1995). With the exception of radio-
nuclide bone scans, imaging studies have generally 
demonstrate good specifi city and poorer sensitivity 
relative to surgical exploration with relatively high 
interobserver variability. Imaging studies have thus 
been used largely to confi rm a clinical impression 
of non-union or to exclude other pathology respon-
sible for symptoms. The advent of multislice helical 
volumetric CT scanning has added greater accuracy 
to diagnosis by imaging, but clinical impressions 
remain paramount, as another complicating factor 
is that some patients with radiographic evidence of 
pseudarthrosis are asymptomatic.

Fig. 17.13. Polyetheretherketone (PEEK) 
interbody cages (arrows) placed via min-
imally invasive percutaneous transfo-
raminal lumbar interbody fusion (TLIF) 
at L4–L5 and L5–S1 and pedicle screw 
fi xation. Cages are radiolucent with small 
radio-opaque beads for intraoperative 
visualization by C-arm fl uoroscopy and 
X-ray (left, arrow). Magnetic resonance 
imaging shows absence of susceptibility 
artifact and subcutaneous track of trans-
foraminal approach (right, arrowheads). 
Subcutaneous track on the contralateral 
side was for percutaneous pedicle screw 
placement
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Fig. 17.14. Hardware misplacement and loosening, axial, sagittal, and coronal CT MPR. Lucent halo with surrounding scle-
rosis (black arrow) is the hallmark of hardware loosening. Confi rming screw misplacement may require examination of 
multiple planes, as the oblique orientation of the screw relative to the pedicle can be problematic. Note confi rmed violation 
of inferior margin of right T10 pedicle on sagittal MPR (white arrow), with appropriately placed screw at T11 below. Coronal 
MPR shows relationship of misplaced screw to T10 pedicle (black arrowheads), with appropriate screw placement noted at 
T11 (white arrowhead)

17.4.2.3 

Radiographic Features

Imaging techniques capable of detecting pseudar-
throsis include plain radiographs, X-ray polytomog-
raphy, CT, and radionuclide imaging with single 
photon emission computed tomography (SPECT). 
Three-dimensional helical CT using multiplanar 
reconstructions (MPR) is the principal method of 
investigation, and as previously noted, clinical sus-
picion of pseudarthrosis warrants obtaining a vol-
ume data set with the thinnest available collimation 
and examining the fusion site in multiple planes. 
Radiographic recognition of pseudarthrosis in pos-
terior and posterolateral fusion masses can be par-
ticularly diffi cult because of the marked variability 
in normal appearances. In these cases, correlation 
with nuclear medicine scintigraphy in addition to 
clinical fi ndings may be helpful.

The radiographic hallmark of pseudarthro-
sis on plain X-ray or CT is abnormal lucency with 
surrounding sclerosis (Fig. 17.15). Sclerosis is a re-
fl ection of abnormal motion, which is a clinical hall-
mark of non-union.

Radionuclide bone scanning has yielded incon-
sistent results in both sensitivity and specifi city in 
the diagnosis of non-union. Generally, bone scans 

are more sensitive and less specifi c than plain radio-
graphs. Positive bone scans are present in over half 
of asymptomatic patients, likely due to continued 
normal bony remodeling at the fusion site ( Hannon 
and Wetta 1977; Mcmaster and Merrick 1980). 
Very focal intense activity may better refl ect the 
presence of non-union, as opposed to more ill-de-
fi ned or diffuse activity that refl ects normally in-
creased bone turnover in a fused spine (Fig. 17.16).

Magnetic resonance imaging has not established a 
signifi cant role in the diagnosis of non-union or in-
strumentation failure. When fi ndings are present on 
MRI, pseudarthrosis is seen as a linear hyperinten-
sity on T2-weighted images and subchondral bands 
of low intensity on T1-weighted images (Ghazi et al. 
1992). Reactive marrow changes and enhancement 
with gadolinium due to abnormal motion may be seen 
as well (Fig. 17.17) (Salgado et al.), but these fi ndings 
are inconstant in our experience. Magnetic resonance 
imaging is more useful to exclude other pathology re-
sponsible for pain in the post-fusion patient.

17.4.2.4 

Other Graft-Related Delayed Complications

Graft subsidence, or settling of an interbody graft 
into the endplates of the vertebral bodies, may or 
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Fig. 17.15a–c. Pseudarthrosis: ALIF with threaded interbody allograft a, 
and threaded titanium cage b,c. The radiographic hallmark is perigraft 
lucency and sclerosis, which may either completely surround the graft (a, 
arrowheads), or involve only one of the graft/bone interfaces (c, arrows), 
while other interface is intact (c, arrowheads)

a

b

c

may not be associated with non-union. This compli-
cation results in loss of the restoration of disc height, 
one of the principal goals of spinal fusion surgery. 
Other graft complications include graft migration 
or extrusion and graft fragmentation/collapse, both 
of which typically occur in association with non-
union.

17.4.2.5 

Hardware Failure

Hardware failure frequently occurs in association 
with non-union and results from persistent repeti-
tive loading secondary to non-union with subse-
quent metal fatigue and breakage or loosening. 
Hardware loosening presents radiographically 
as a lucent halo surrounding the device. Adja-
cent bony sclerotic changes may also be present 
(Fig. 17.18).

17.5 
Conclusion

Future avenues of advancement will undoubtedly be 
towards the further development of synthetic materi-
als to replace the need for autogenous graft harvest-
ing, which is still associated with a high incidence of 
postoperative morbidity, as well as towards less inva-
sive and more “biologic” approaches to spinal disease, 
such as disc regeneration. The fi eld of spinal instru-
mentation surgery, like many medical disciplines, is 
undergoing continuous change; thus far, changes have 
essentially been confi ned within a well-established set 
of basic principles addressed in this chapter. It would 
therefore serve the radiologist well to have an under-
standing of these basic principles when interpreting 
imaging studies in the postoperative spine patient as 
the fi eld of spine surgery continues to evolve.
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Fig. 17.16a–c. Pseudarthrosis, 13 months post-
operative in symptomatic patient: lateral plain 
X-ray a, axial CT b, and bone scan c. Non-
union is not apparent on plain X-ray and quite 
subtle on axial CT (b, arrows). The degree of 
abnormal focal tracer activity on bone scan c 
is greater than should be expected normally at 
13 months post-procedure

a

b

c

Fig. 17.17. Hardware failure with pedicle screw breakage and loosening. Axial T1-weighted MRI 
shows broken pedicle screw (left, arrowhead). Abnormal enhancement after gadolinium admin-
istration indicates loosening (right, arrowhead). (Case courtesy of J. Van Goethem)
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18.1 
Introduction

The spinal cord is especially well protected by the 
surrounding CSF, the meningeal envelopes and the 
bony spine. Intradural tumors are rare lesions: they 
include intramedullary and intradural extramed-
ullary tumors (Fischer and Brotchi 1996). In a 
general hospital, of all spinal tumors only 5% are in-
tramedullary whereas 40% are intradural extramed-
ullary and 55% are extradural. Some tumors may 
initially be intramedullary and become eventually 
exophytic, growing out of the medulla (extramed-
ullary ependymoma, extramedullary astrocytoma). 
On the contrary, some  extramedullary intradural 
tumors may grow into the cord like schwannomas. 
Finally, primary intradural extramedullary tumors 
may expand towards the extra-dural space such as 
schwannomas or meningiomas. Extradural tumors 
are most often malignant lesions, rapidly evolving 
and originating from the epidural or latero-vertebral 
space: they are described in Chapters 19 and 20.
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K E Y - P O I N T S

Intradural tumors may be either:

Intramedullary

Intradural extramedullary 

In general, clinical symptoms of spinal tumors 
include:

Pain (most common symptom)

Motor and sensory defi cits

Sphincter disturbances and impotence

MRI is the imaging modality of choice

Spinal tumors are classifi ed according to the 
WHO classifi cation system

About intramedullary tumors:

Astrocytomas and ependymomas are most 
common intramedullary tumors

Occur predominantly in children and young 
adults

Ependymomas are circumscribed, enhancing 
tumors, and are frequently associated with 
hemorrhage and satellite cysts

Astrocytomas are enhancing, infi ltrating 
 spinal cord tumors; they tend to be more 
heterogeneous and may contain necrotic or 
cystic components
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Hemangioblastomas are low grade tumors, 
rich in capillaries and are seen as intensely 
enhancing subpial nodules with fl ow voids; 
they may be associated with very large intra-
medullary cysts
Intramedullary metastases are focal enhan-
cing spinal cord lesions with extensive edema

About intradural extramedullary tumors:
Neurogenic tumors (schwannomas, neurofi -
bromas) and meningiomas are most common 
intradural extramedullary tumors
Schwannomas originate from the nerve 
sheath; they are most often purely intradu-
ral extramedullary tumors, though 15% are 
extradural and 15% have a “dumbbell” shape 
involving both the intra- and extradural space
Meningiomas are slow growing dural-based 
intradural tumors with a female preponder-
ance (fi fth/sixth decade)
Intradural extramedullary metastases can 
spread subarachnoidally from CNS tumors 
(“drop metastases”) or through hematogenous 
dissemination from a primary non-CNS tu-
mor (breast and lung carcinoma)

Many non-neoplastic intramedullary lesions 
can simulate tumor infi ltration:

MS plaques
Infl ammatory lesions
Granulomatous disease (tuberculosis, sarcoid)
Abscesses (bacterial, tuberculosis)
Radionecrosis
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The role of the radiologist is to answer the follow-
ing major questions posed by the clinician: does the 
patient have an intracanalar lesion and, if yes, is it 
a tumor? If it is a tumor, where is this tumor pre-
cisely located (extra- versus intramedullary)? Is it a 
benign or a malignant tumor? Is it surgically remov-
able? Other questions regard prognosis and optimal 
treatment, as well as follow-up. 

18.2 
Clinical Symptoms

Spinal cord tumors are mostly (80%) slow growing, 
low grade tumors; pain is the most frequent and early 

symptom reported and may be the only symptom at 
the beginning of the disease. Motor and sensory 
defi cits occur in relation to tumor location. Clinical 
presentation is poorly specifi c and, therefore, the 
diagnosis is frequently delayed (Baleriaux 1999a). 
In our experience, the mean time between the initial 
symptoms (fi rst medical consultation) and diagno-
sis was more than 2 years! Urinary disturbances and 
impotence are less frequent and usually appear at 
a later stage in the clinical course of the disease, 
coincident with motor paralysis of the legs.

In children, pain is also the most frequent symp-
tom, as reported in 42% of cases. Motor regression is 
present in 36%, gait abnormality in 27%, torticollis in 
27% and progressive kyphoscoliosis in 24%. In the pe-
diatric age group, 89% of tumors are low grade lesions 
( Constantini et al. 1996; Innoncenzi et al. 1996).
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Hemorrhage can occur within spinal cord tumors 
(Nemoto et al. 1992) and may be recognized on T1-
WI as hyperintense areas, when the hemorrhage 
is between 1 week to approximately 4 months old. 
Hemosiderin deposits can later be identifi ed as low 
signal areas on both T1-WI and T2-WI, preferably 
obtained in gradient echo sequences. When MRI 
shows an intramedullary tumor with hypointensity 
at the margins, it is suggestive, but not pathogno-
monic, of an ependymoma (Osborn 1994; Nemoto 
et al. 1992).

Subarachnoid hemorrhage (SAH) of spinal origin 
is a rare clinical entity and the most common source 
of SAH is an arteriovenous malformation (Lahanis 
et al. 1993). Still, a few cases of SAH due to bleeding 
from hemangioblastoma have been reported in the 
literature: this etiology should be kept in mind in 
documented cases of SAH with normal cerebral angi-
ography. In these patients, MRI of the spine should be 
performed in order to rule out this classical, although 
very rare, cause of SAH (Minami et al. 1998).

Finally, hydrocephalus may be observed, associ-
ated with an intradural spinal tumor; we have en-
countered this feature once associated with a large 
lumbar schwannoma, once associated with a huge 
intramedullary astrocytoma in a child and in a case 
of a malignant intramedullary tumor with associated 
leptomeningeal carcinomatous spread (Fig. 18.1). In 

the literature, this infrequent cause of hydrocepha-
lus has been well documented (Rifkinson-Mann et 
al. 1990). Consequently, in the presence of childhood 
hydrocephalus and increased intracranial pressure 
without a clearly defi ned etiology, a spinal cord tumor 
should always be ruled out (Caviness et al. 1998).

18.3 
Imaging Techniques

Today, magnetic resonance imaging (MRI) has be-
come the imaging technique of choice to demonstrate 
intradural tumors. Still, so-called conventional tech-
niques are commonly performed and we will quickly 
review their usefulness and limitations in the case of 
an intradural tumor.

18.3.1 

X-Ray Films

Plain X-ray fi lms are usually of very limited value 
in the case of an intramedullary tumor in an adult 
patient. The cervical spine may loose its normal lor-
dotic aspect in the case of an intramedullary cervi-

Fig. 18.1a,b. Hydrocephalus and spinal cord tumor. a Axial CT: dilatation of the lateral 
ventricles and effacement of the cerebral sulci. b Sagittal gadolinium T1-WI: T8–T9 in-
tramedullary malignant tumor and associated leptomeningeal carcinomatous spread

a b
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cal tumor; this is mainly linked to the more or less 
severe pain experienced by the patient. Whenever an 
especially “straight” cervical spine is observed, or 
if the normal curvature is reversed, one should rule 
out an underlying spinal cord tumor (Fig. 18.2a). 
The same applies in the case of torticollis, which is 
often associated with an upper cervical tumor or a 
foramen magnum lesion. Moreover, a progressive, 
evolving scoliosis should alert the clinician to the 
possibility of an underlying intramedullary lesion 
(Baleriaux et al. 1992).

Although plain fi lms are rarely abnormal in 
adults with an intramedullary tumor, they may 
show anomalies in children (58%–81%) demon-
strating enlargement of the canal, straightening of 
the spine or scoliosis. Indeed, in children, a grow-
ing spinal cord tumor may expand the bony canal, 
through pressure erosion, and this enlargement of 
the spinal canal can be an important feature diag-
nosed on plain fi lms. 

A myxopapillary ependymoma of the conus is 
typically seen in young adults. Those tumors are 
often also responsible for enlargement and “scallop-
ing” of the posterior part of the lower thoracic and 
upper lumbar vertebrae.

Intradural extramedullary tumors typically ex-
pand into the extradural and paravertebral space. 
Enlargement of the spinal foramina can be detected 
on plain X-ray fi lms as well as intratumoral calcifi -
cations, when present.

Today, in our experience, standard X-ray fi lms 
have almost completely been replaced by multide-
tector computed tomography (CT).

18.3.2 

Computed Tomography

Computed tomography has become the optimal 
imaging technique for the evaluation of the ver-
tebral bony structures including vertebral bodies, 
pedicles, articular facets and laminae. Multidetec-
tor volume CT allows rapid and extensive visualiza-
tion of the spine and has replaced standard X-ray 
fi lms, especially in trauma patients. Secondary 3D 
reconstructions are obtained almost instantly and 
provide unique visualization of bony structures. In 
the case of tumor pathology, CT clearly shows wid-
ening of the bony spinal canal and enlargement of 
the vertebral foramina. Intratumoral calcifi cations 
are better depicted on CT compared to MRI but the 
relation to the soft tissues remain in some cases 

uncertain (Fig. 18.2b, 18.3a). However, plain CT is 
not the initial screening modality for intramedul-
lary lesions, given the limited contrast resolution for 
the content of the spinal canal (although, thanks to 
technical developments, the density resolution has 
improved). The diagnosis of an intramedullary cys-
tic lesion is feasible with CT (Fig. 18.2b), especially 
if the reader is aware of a potential intracanalar 
pathology suspected by clinical examination!

18.3.3 

Myelography and Myelo-CT

Before the arrival of MRI, myelography was the pre-
ferred imaging modality for the visualization of the 
spinal cord. Nowadays, this invasive imaging method 
should be defi nitely avoided since the patient’s symp-
toms may occasionally be exacerbated by the proce-
dure. Moreover, only the cord contours are delineated 
with myelography and no information is obtained 
concerning the intramedullary appearance. Myelo-
CT was used in cases of complete “myelographic 
bloc” in order to still be able to image the intra-
canalar space as even small amounts of contrast me-
dium could be better picked up by CT. Cystic tumor 
components may be detected on delayed myelo-CT 
performed a few hours after intrathecal water-soluble 
contrast medium ( Baleriaux et al. 1992).

18.3.4 

Digital Substraction Angiography

The normal vascularisation of the spinal cord is 
demonstrated in an optimal way by systematic 
cathetherization of all potential vascular feeders to 
the cord. Digital substraction angiography (DSA) 
remains the imaging modality of choice to study spi-
nal cord vascularization and, especially, to identify 
the artery of Adamkiewicz, spinal cord AVMs, and 
spinal dural fi stula. Spinal vascularization has been 
perfectly described by Thron et al. (1988), as well as 
by  Lasjaunias et al. (1992). Spinal angiography is a 
long procedure requiring good knowledge of spinal 
normal vascularization and should be performed 
by trained neuroradiologists (Fig. 18.4a). Magnetic 
resonance angiography (MRA) however, is steadily 
becoming an alternative imaging procedure that 
might replace spinal DSA in the near future, mainly 
for diagnostic purposes and to guide spinal neuro-
interventional procedures (Backes et al. 2004).
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Fig. 18.2a–f. Cervical ependymoma in a 30-year-old male with a 1-year history of left cervicobrachialgia. a Lateral X-ray 
fi lm shows inversion of the normal cervical lordosis. No enlargement or bony erosion of the cervical canal. b Series of 
axial contrast enhanced CT images at the level of C6–C7: careful analysis allows detection of an enlarged spinal cord. An 
intramedullary cyst may be suspected. c–f Series of sagittal MRI images. c Sagittal T2-WI. d Gradient echo T2-WI. e T1-WI. 
f Gadolinium T1-WI images. The tumor is mainly hypointense on T2-WI, isointense on T1-WI and enhances strongly after 
contrast administration. Signs of chronic bleeding at both extremities of the tumor are best demonstrated on gradient T2-WI: 
“cap sign”. Associated cysts are seen both above and below the solid tumor
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Fig. 18.3a–e. Tumor of unknown histology: incidental fi nding in an asymptomatic patient. a Axial contrast enhanced CT shows a 
small intracanalar calcifi cation. The precise location within the spinal cord cannot be appreciated on this image. b Axial T2-WI. 
c Gadolinium T1-WI much better demonstrates the presence of an intramedullary anterior right mass. The calcifi cation is clearly 
visible on the T2-WI and is intramedullary. (Reprinted with permission from Baleriaux et al. 2004) d,e Sagittal T2- and gadolin-
ium T1-WI: well circumscribed lesion, hyperintense on T2-WI and enhancing strongly after contrast administration. The patient 
is asymptomatic: no surgical removal has been attempted until now as 5-years follow-up shows no evolution of this lesion!
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18.3.5 

Magnetic Resonance Imaging

When magnetic resonance imaging (MRI) is used 
to explore the spinal canal, the following rules must 
be observed: systematic use of both T1- and T2-
weighted images (Bydder et al. 1985) (Figs. 18.2c–f, 
18.4b–d), thin slices (≤ 3 mm slice thickness), two 
different imaging planes (sagittal and axial), and a 
large fi eld-of-view to allow visualisation of the entire 
cord (Baleriaux et al. 2004). Gradient echo im-
ages are useful in order to detect hemorrhagic com-
ponents often present in cord tumors (Fig. 18.2d). 
Contrast injection is indispensable in order to bet-

ter identify solid enhancing tumor components 
(Figs. 18.2f, 18.4d,e), and to differentiate tumor cysts 
whose borders enhance from associated, so-called 
reactive, cystic components (Baleriaux 1999b; 
Del Caprio O’Donovan 1998; Li and Holtas 1991; 
Parizel et al. 1989; Scotti et al. 1987). 

18.3.6 

Magnetic Resonance Myelography

Heavily T2-weighted fat suppression techniques have 
been described in order to obtain interesting thin 
slices resembling conventional myelography with the 
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Fig. 18.4a–f. Cervical hemangioblastomas in a case of von Hippel-Lindau 
syndrome. a Vertebral digital substraction angiography best shows the 
typical hypervascularisation supplied by enlarged arterial branches 
and the typical vascular stain of hemangioblastomas. b Sagittal T2-WI. 
c Sagittal T1-WI. d Sagittal gadolinium T1-WI. Small intensely enhancing 
tumors are located posteriorly to the cord (subpial) at the C4 level. The tu-
mors are hypointense on T2-WI and are surrounded by extensive edema, 
best seen on this T2-WI (b). e Axial gadolinium T1-WI help identify the 
posteriorly, sub-pial location. f Sagittal gadolinium T1-WI: post-opera-
tive MRI shows complete removal of the multiple hemangioblastomas
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major advantage that no intrathecal contrast injec-
tion is required! This technique is mainly useful to 
detect and better depict extramedullary intracana-
lar lesions such as small neurinomas (Figs. 18.5d, 
18.35b), dilated vascular structures on the surface of 
the cord (see Fig. 39f.) or traumatic lesions such as 
pseudomeningoceles (Edal et al. 1997).

18.3.7 

Magnetic Resonance Angiography

Multiple MRA techniques are currently available. 
Time-of-fl ight (TOF), phase contrast (PC) and con-
trast-enhanced bolus T1-weighted techniques are 
routinely used for vascular pathology in the brain. 
The small size of spinal cord vessels, especially arter-
ies, makes spinal MRA more diffi cult and challeng-
ing. Still, the results of spinal MRA are constantly 
improving. We recommend the use of T1-weighted 
sequences with intravenous bolus injection of gado-
linium as described by Backes et al. (2004); this 

method enables systematic visualisation of the artery 
of Adamkiewicz and provides a very attractive and 
reliable fi rst angiographic approach of spinal vascu-
lar malformations. Spinal MRA is becoming the fi rst 
diagnostic screening procedure for vascular spinal 
malformations. In some cases, spinal MRA may ob-
viate the need for unnecessary invasive spinal angi-
ography; in other instances, it may serve as an initial 
roadmap to guide DSA and embolisation procedures 
(Fig. 18.6c). Still, spinal DSA with selective cathe-
therization of the spinal feeding arteries remains the 
modality of choice to study spinal cord vasculariza-
tion and allows interventional procedures.

18.3.8 

Diff usion Techniques

Molecular diffusion nuclear MRI is an extremely 
interesting imaging technique fi rst described by Le 

Bihan in 1991. It has been predominantly used for 
the evaluation of cerebral lesions, especially in cases 

Fig. 18.5a–d. Usefulness of myelo-MRI in a case of a small neurinoma in a patient with a low conus medullaris (L2–L3). 
a Sagittal T2-WI. b Sagittal T1–WI. c Sagittal gadolinium T1–WI. d Coronal myelo-MRI. The lesion is anteriorly located 
at the L2 level. It is moderately hyperintense on T2-WI compared to the cord, isointense on T1-WI and it mildly enhances 
after contrast administration. MR myelography nicely demonstrates the relation between the lesion and the adjacent low 
spinal cord

b da c
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of ischemia and brain tumors. Diffusion-weighted 
imaging has also been applied to the spinal cord 
with variable results (Ries et al. 2000; Schwarts 
et al. 2002). In our experience this new technique is 
still experimental as far as spinal tumors are con-
cerned.

18.3.9 

Magnetic Resonance Tractography

In contrast, although still also under development, 
magnetic resonance tractography based on diffu-
sion tensor imaging techniques holds great poten-
tial for the study of intramedullary fi bres in the 
cord (Fig. 18.7c). Displacement and/or interruption 
of the fi bres by an intramedullary tumor provides 

important additional information for guiding the 
surgical procedure (Facon et al. 2005; Tsuchiya 
et al. 2005).

18.3.10 

Magnetic Resonance Spectroscopy (MRS)

In vivo proton magnetic resonance spectroscopy 
(MRS) is a widely used technique for tissue charac-
terization of intracranial mass lesions. Spectroscopy 
is nowadays considered to be a reliable technique 
for grading gliomas when N-acetyl-aspartate/choline 
and choline/creatine ratios and presence of lipids are 
used in combination. Spectroscopy of the spinal cord 
is more challenging due to the small size of the cord, 
and the presence of local fi eld inhomogeneities. Re-

Fig. 18.6a–c. Cervical hemangioblastoma: C4–C5 nodule and multiple, extensive associated cysts. a Sagittal T2-WI. b Sagit-
tal gadolinium T1-WI. The solid tumor nodule has a mild hypointense aspect on T2-WI with multiple areas of fl ow void 
phenomenon due to dilated vascular structures. After gadolinium administration, strong enhancement is seen within the 
tumor. Enhancement is also visible in the dilated veins located both at the anterior and posterior surface of the enlarged 
cord. No enhancement is seen at the level of the multiple associated cysts located above and beneath the tumor nodule. c 
Coronal contrast enhanced 3D-MRA. Two feeding arteries can be suspected coming from the right vertebral artery. A large 
medial anterior draining vein is clearly seen
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Fig. 18.7a–c. Intramedullary recurrent schwannoma in a 23-
year-old male. a Sagittal T2-WI. b Sagittal gadolinium T1-WI. 
The tumor is anteriorly located at the C4–C5 level. Hypersig-
nal on T2-WI, it enhances strongly after gadolinium injection. 
Peritumoral edema is better demonstrated on the T2-WI. 
c Tractography shows displacement of the fi bers circum-
scribing the tumor. (Images courtesy of Dr I. Delpierre, 
Neuroradiology, Hôpital Erasme, ULB)ba

c

cently, Kim et al. (2004) reported that acquisition of 
in vivo 1H-NMR signals was possible in human spi-
nal mass lesions on a 1.5-T clinical MRI unit. Detec-
tion of choline only in the spinal tumors may indicate 
that there is some potential in using in vivo 1H-MRS 
to distinguish spinal tumors from disc herniations 
mimicking spinal cord tumors, non-multiple sclero-
sis myelitis, and dermoid cysts. However, it was not 
possible to distinguish between benign diseases with 
MRS. In our experience, MRS was performed in a 
case of an enhancing cervical spinal cord lesion and 
allowed differential diagnosis between neoplasm 
and multiple sclerosis (MS) (Fig. 18.8c).

18.3.11 

Magnetic Resonance Functional Imaging

Magnetic resonance functional imaging (fMRI) with 
blood oxygen level-dependent (BOLD) contrast has 
extensively been investigated for the study of local 
neuronal activation in the human brain. In the past 
decade, fMRI has become a valuable tool in some 
clinical settings, such as the pre-operative assess-
ment of brain tumors. It has been shown that, when 
spinal cord neurons are activated, hemodynamic 

effects may equally be initiated. Interesting recent 
studies have been published demonstrating that cer-
vical spinal cord fMRI is feasible in humans. Further 
research work, especially at higher fi eld strengths, is 
needed before this new technique can be introduced 
in a routine clinical work-up of spinal cord tumors. 
It is, however, anticipated that more physiological 
information concerning the spinal cord function 
could improve the management of spinal tumors 
(Backes et al. 2001; Komisaruk et al. 2002).

18.3.12 

Intraoperative Ultrasound

Before the advent of MRI, intraoperative ultrasound 
(IOU) had been successfully used for intradural 
spinal tumors at the early stage of surgery, imme-
diately after initial laminectomy.The technique of 
IOU is especially useful in the case of intramedul-
lary tumors, where it is able to show hyperechoic 
solid and hypoechoic cystic and necrotic compo-
nents and may guide the surgical procedure. Still, 
specifi c tissue characterization is not possible with 
IOU ( Regelsberger et al. 2005; Maiuri et al. 1997, 
2000; Lunardi et al. 1993).
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18.3.13 

Positron Emission Tomography

18F-Fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET) is a well-recognized tool used to 
predict the growth rate of a neoplasm because up-
take of FDG in brain gliomas shows good correla-
tion with anaplasia in general (Shimizu et al. 2004). 
Although no established consensus in interpreta-
tion of FDG-PET fi ndings for spinal gliomas exists, 
Wilmshurst et al. (2000) reported correlation with 
histologic malignancy. The same authors suggested 
performing a prospective study of larger numbers 
of patients with a wider range of tumors, although 
this might be diffi cult to achieve given the rarity 
of spinal cord tumors (Shimizu et al. 2004; Poggi 
et al. 2001). In our experience, FDG-PET imaging 
was useful in evaluating tumor progression and 
identifying the most metabolically active compo-
nents in spinal cord tumors (Figs. 18.9, 18.10). It 
was also used for monitoring unusually slow-grow-
ing metastases of a brain stem oligo-astrocytoma 
(Fig. 18.11c.).

18.4 
Classifi cation of Spinal Tumors

The World Health Organization (WHO) edited a new 
comprehensive classifi cation of neoplasms affecting 
the central nervous system. A modifi ed outline of 
this classifi cation is proposed by Van Goethem et 
al. (2004) and is shown in Table 18.1.

18.5 
Intramedullary Tumors

18.5.1 

Introduction

Spinal cord tumors are rare and account for only 
2%–4 % of all tumors of the central nervous system 
(Sze 1996; Osborn 1994). Since intramedullary tu-
mors are infrequent lesions, the statistics published 

a cb

Fig. 18.8a–c. MR Spectroscopy in a case of spinal cord MS. a Sagittal T2-WI. b Sagittal gadolinium T1-WI. The cervical 
spinal cord is focally enlarged and a patchy, ill delineated area of enhancement is visible at the C3–C4 level. c MRS gives a 
spectrum different from normal nervous tissue: free lipids and lactate are present (indicating cell membrane degradation 
and hypoxia). In this particular case, MRS enabled a differential diagnosis between MS and tumor infi ltration. (Images 
courtesy of Dr M Lemort, Bordet Cancer Institute, ULB)
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Fig. 18.9. Low grade glioma in a 25-year-old female with a slow growing low grade astrocytoma followed-up over  the previous 
5 years after biopsy both by MRI and methionine PET. The tumor grows very slowly while PET shows no signs of malignant 
degeneration. PET methionine and sagittal T2-WI in a hypometabolic low grade astrocytoma. (Images courtesy of Prof. S. 
Goldman, PET Unit, Hôpital Erasme, ULB)

in the literature often concern limited numbers of 
cases. 

We report here our own statistics concerning 149 
surgically proven cases of intramedullary tumors.

The majority of intramedullary tumors are glial 
tumors: the most frequently encountered neoplasms 
in adults are ependymoma (40%) and astrocytoma 
(28%). In children, however, astrocytomas are by far 
the most frequent tumors. Hemangioblastomas rep-
resent 14% of the spinal cord tumors. 

Less frequent tumors include intramedullary me-
tastasis, lymphoma, cavernous malformation (caver-

noma), epidermoid cyst, lipoma, ganglioglioma, oli-
godendroglioma, intramedullary schwannoma, and 
teratoma. It is of note that intramedullary cavernous 
malformations represent 8% of intramedullary tu-
mors in our series.

The radiologist should analyze carefully and sys-
tematically the MR images in order to predict, as ac-
curately as possible, the tentative histological diagno-
sis: indeed, the surgical approach, the presence or not 
of a cleavage plane, as well as the prognosis will all be 
different according to the nature of the tumor. Pre-
operative assessment has therefore a key role to play. 
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18.5.2 

Astrocytoma

Astrocytomas are the most common intramedullary 
tumors (up to 90%) in children (Przyblski et al. 
1997; Tortori-Donati and Rossi 2005) and account 
for 28% of intramedullary tumors in adults accor-
ding to our experience. Astrocytomas are mostly 
encountered in young adult patients (mean age in 
our series is 34) with a slight predominance among 
males (55%). Astrocytomas may be found at any 
spinal level: 33% were limited to the cervical region, 

21% were cervicothoracic, whilst 36% were purely 
thoracic. The remaining 7% corresponded to the 
thoracolumbar and lumbar region. The mean size 
of the solid tumor component involves four verte-
bral segments. However, especially in the pediatric 
population, the entire spinal cord may be involved. 
Cystic components within the tumor were found 
in 27% of our cases. Associated satellite cysts and 
secondary hydromyelia were observed in 50% of 
 astrocytomas. Most tumors are low-grade WHO 
grade II tumours and are slow-growing. On T1-WI, 
astrocytomas are mostly hypointense (83%) whilst 

Fig. 18.10. Ganglioglioma. A 4-year-old boy has regular PET and MR examinations in order to follow-up this partially exo-
phytic, slow growing, low grade tumor. Fusion of PET methionine and MR images. (Images courtesy of Prof. S. Goldman, 
PET Unit, Hôpital Erasme, ULB)
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on T2-WI they are predominantly hyperintense. 
For the most part, low grade astrocytomas do not 
enhance (Figs. 18.12, 18.13), although enhancement 
may be observed. Pilocytic astrocytomas, on the 
other hand, do enhance intensely. High grade as-
trocytomas and glioblastoma tend to be more het-
erogeneous with necrotico-cytic areas and enhance 
often in a patchy mode (60%) (Figs. 18.14–18.17). 
Intratumoral hemorrhage (Fig. 18.16a.) may occur 
(13%) and is best seen on gradient echo T2-WI. In-
tratumoral cysts and necrosis are common. Associ-
ated syringomyelia may occur: the borders of those 
associated cavities do not enhance after contrast 
injection.

Astrocytomas frequently have ill-defi ned borders, 
refl ecting the infi ltrative nature of those tumors. At 
surgery, a cleavage plane is rarely found; under these 
circumstances, only debulking or limited biopsy will 
then be performed (although complete removal may 
sometimes be achieved). Secondary radiation ther-
apy is only applied for highly malignant tumours 
(Brotchi et al. 1991; Epstein et al 1992).

18.5.3 

Ependymoma

Ependymomas are found in young patients as well: 
the mean age in our series was 42 years with a slight 
male preponderance (54%). Typically, ependymoma 
is more frequently found in the cervical spinal cord 
(50%). Associated satellite cysts are seen in 60% of 
the cases, and they may be very large (Fig. 18.18, 
18.19). A so-called “cap sign” is seen in almost one 
out of four cases (27%) and corresponds to low sig-
nal intensity areas seen on T2-WI and even better 
on gradient echo T2-WI, capping at both sides the 
tumor limits. Those caps are hemosiderin deposits 
due to chronic hemorrhage (Figs. 18.2c,d, 18.20a, 
18.21d). Ependymomas do enhance vividly and ho-
mogeneously in 91% of the cases, and have usu-
ally well-defi ned borders (Fig. 18.22), ( Baleriaux 

1999a; Kahan et al. 1996). Still, no contrast en-
hancement was found in two cases and a ring-like, 
heterogeneous enhancement in the remaining 8% 
(Fig. 18.23).

ba c

Fig. 18.11a–c. Metastases from intracerebral endymoma. a Sagittal T2-WI. b Sagittal T1-WI. c FDG-PET image. Patient with 
a history of a partially resected tumor of the brain stem followed by radiotherapy. Multiple slow growing spinal metasta-
ses are monitored both by MRI and PET over the previous 2 years. (Images courtesy Prof. S. Goldman PET Unit, Hôpital 
Erasme, ULB)
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Neuroepithelial Tumors

Astrocytic tumors (glial tumors)

Pilocytic astrocytoma (WHO grade I)

Fibrillary astrocytoma (WHO grade II)

Pleomorphic xanthoastrocytoma (WHO grade II)

Anaplastic astrocytoma (WHOgrade III)

Glioblastoma multiforma (WHO grade IV)

Oligodendroglial tumors

Oligodendroglioma (WHO grade II)

Anaplastic (malignant) oligodendroglioma (WHO grade III)

Ependymal cell tumors

Subependymoma (WHO grade I)

Myxopapillary ependymoma (WHO grade I)

Ependymoma (WHO grade II)

Anaplastic ependymoma (WHO grade III)

Mixed Gliomas

Mixed oligoastrocytoma (WHO grade II)

Anaplastic (malignant) oligoastrocytoma (WHO grade III)

Neuronal and mixed neuronal-glial tumors

Gangliocytoma (WHO grade I)

Ganglioglioma (WHO grade I/II)

Anaplastic (malignant) ganglioglioma (WHO grade III)

Desmoplastic infantile ganglioglioma (WHO grade I)

Dysembryoplastic neuroepithelial tumor (DNET) (WHO 
grade I)

Paraganglioma (WHO grade I)

Neuroblastic

Neuroblastoma 

Embryonal tumors

Ependymoblastoma (WHO grade IV)

Peripheral nerve tumors

Schwannoma (neurinoma, neurilemoma) (WHO grade I)

Neurofi broma (WHO grade I)

Malignant peripheral nerve sheath tumor (WHO grade III/IV)

Hematopoietic tumors

Primary malignant lymphomas

Plasmacytoma

Leukemia

Germ cell tumors

Embryonal carcinoma

Teratoma

Mixed germ cell tumors

Tumors of the meninges

Meningothelial tumors

Meningioma (WHO grade I)

Atypical meningioma (WHO grade II)

Anaplastic (malignant) meningioma
(WHO grade III)

Mesenchymal, non-meningothelial tumors

Lipoma

Angiolipoma

Fibrosarcoma

Hibernoma

Fibrosarcoma

Malignant fi brous histiocytoma

Osteoma, osteosarcoma

Osteochondroma

Hemangioma

Hemangiopericytoma

Melanocytic lesions

Melanocytoma

Malignant melanoma

Meningeal melanocytosis

Tumors of unclear origin

Hemangioblastoma

Metastatic tumors

Table 18.1. A modifi ed outline of the classifi cation of neoplasms affecting the nervous system as proposed by Van Goethem 
et al. (2004)
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Fig. 18.12a–d. Low grade cervicothoracic astrocytoma. A 21-year-old female with a 3-year history of weakness of the right 
foot and atrophy of the quadriceps. The cord is enlarged from C4 to D4. a Sagittal T2-WI shows an infi ltrating, ill-defi ned 
high signal intensity lesion. b Sagittal T1-WI. c,d Gadolinium T1-WI. The tumor is moderately hypointense and does not 
enhance after contrast administration

b da c

Fig. 18.13a–c. Thoracic low grade astrocytoma. 
a Sagittal T2-WI. b Sagittal T1-WI. c Gadolinium 
T1-WI. This 31-year-old male complained of 
progressive paresis of both lower limbs. A low 
grade Th6–Th8 tumor was biopsied: no complete 
resection could be achieved in this infi ltrating 
tumor. A large associated cyst is found below the 
tumor infi ltration. No enhancement after con-
trast injectiona b c
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Fig. 18.14a–c. Cervical astrocytoma grade II. a Sagittal T2-WI. b Sagittal T1-WI. c Sagittal gadolinium T1-WI. The tumor 
is hyperintense on T2-WI, mildly hypointense on T1-WI and enhances only partly and heterogeneously. This 45-year-old 
female underwent surgery with partial removal of an astrocytoma grade II

ba c

Fig. 18.15a–c. Anaplastic astrocytoma. This 
22-year-old male presented mainly right cer-
vicobrachialgia and bilateral paresthesia of 
the superior limbs. Biopsy and widening of the 
cervical spinal canal could only be performed. 
a Sagittal T1-WI. b Sagittal T2-WI. c Sagittal 
gadolinium T1-WI. Extensive C0–T3 tumor in-
fi ltration. The lesion is mildly hypointense on 
T1-WI, hyperintense on T2-WI and enhances 
strongly but heterogeneously after contrast 
injection with an irregular pattern a b c
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Fig. 18.16a–g. Follow-up MRI examinations in a case of a malignant astrocytoma. a,b Pre-operative MRI. a Sagittal T2-WI. 
b Sagittal gadolinium T1-WI. A large tumor infi ltration is found, involving the entire cervical cord and extending to the 
upper thoracic spine. Low signal areas are seen on T2-WI at the T2–T3 level indicating chronic intratumoral hemorrhage. 
The tumor has a very heterogeneous pattern on both T1- and T2-WI. It only partially enhances. c–g Follow-up MRI. Series 
of sagittal gadolinium T1-WI. c Control MRI obtained immediately after partial removal. d MRI obtained 6 months later. 
e–g Repeated follow-up MRI after chemotherapy on a 24-month period: some response to the treatment is seen on (f) but 
tumor progression is again noticed on (g)

b d

f

a c

e g
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Fig. 18.17a–d. Exophytic, multifocal malignant astrocytoma. A 23-year-old male complaining of diffuse neck and lower back 
pain. At neurological examination, a bilateral pyramidal syndrome is observed. a Sagittal T1-WI. b Sagittal T2-WI. c,d Sagit-
tal gadolinium T1-WI. The tumor involves the entire spinal cord. Metastatic spread is seen within the lumbo-sacral canal

b da c

Fig. 18.18a–c. Ependymoma. This patient 
presents with a 1-year history of sensitive 
impairment of both superior limbs. a Sagit-
tal T1-WI. b Sagittal T2-WI. c Sagittal gado-
linium T1-WI. A solid component is located 
at the C3–C6 level: it is isointense on T1-WI, 
isointense on T2-WI and enhances homoge-
neously. Associated cysts are visible above 
and below the tumor. The borders of those 
cysts do not enhance. The cervical spine is 
straightened a b c
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Fig. 18.19a–c. Ependymoma. A 40-year-old female with intermittent neck pain and paresthesias in the right part of the body. 
a Sagittal T1-WI. b Sagittal T2-WI. c Sagittal gadolinium T1-WI. In this case, the solid nodule has a more heterogeneous 
aspect. A small associated cyst is seen at the inferior part of the lesion. Still, the tumor is well delineated after contrast 
injection

ba c

Fig. 18.20a–c. Ependymoma. A 53-year-old female with a 2-year history of progressive diffi culties walking and chronic 
cervicothoracic back pain. a Sagittal T2-WI. b Sagittal T1-WI. c Sagittal gadolinium T1-WI. Relatively small heterogeneous 
tumor shown on the three imaging sequences. The most typical feature is the bilateral hypointense areas capping the tumor: 
“cap sign” more frequently seen in case of ependymoma. Note the straightening of the cervical spine and disappearance of 
the normal cervical lordosis

a b c
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Fig. 18.21a–d. Hemorrhagic ependymoma. A 28-year-old male with a 2-year history of Lhermitte sign believed to be related to 
chronic cervical trauma! Recently, rapid appearance of a tetraparesis. a Sagittal T2-WI. b Sagittal T1-WI. c Sagittal gadolinium T1-
WI. d Sagittal gradient echo T2-WI. C5 ependymoma showing an intratumoral hemorrhage best seen on gradient echo T2-WI

a b c d

Fig. 18.22a–d. Ependymoma. This 34-year-old female had complained mainly of dysesthesia in the left forearm and hand for 
several years but more recently observed motor defi cit in the left inferior limb. a Sagittal T2-WI. b Sagittal T1-WI. c Sagittal 
gadolinium T1-WI. d Sagittal T1-WI obtained immediately after complete removal of the tumor. The solid tumor nodule is 
enhancing homogeneously and has sharp borders: complete removal was achieved (d)

a b c d
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Ependymomas originate from the cells bordering 
the ependymal canal and, as such, are expected to be 
more centromedullary located compared to astrocy-
tomas (Fine et al. 1995; Parizel et al. 1989; Sun et 
al. 2003): this central location was indeed observed 
in 94% of our cases. 

The mean tumor size of the ependymoma corre-
sponds to three vertebral bodies (min. 2 – max. 13), 
while astrocytomas are usually more extensive, in-
volving 2–19 vertebrae.

18.5.4 

Subependymoma

In the literature, rare cases of spinal cord subepen-
dymoma are reported and were reviewed by Bret 

et al. (1997). It is likely that these rare lesions ac-
count for less than 2% of all spinal cord tumors. 
Most of the cases involved the cervical cord or the 
cervicothoracic junction. No specifi c pattern could 
be found on MRI in order to help diagnose those 
lesions except the tendency for a subependymoma 
to grow excentrically within the cord or to show an 
exophytic component.

18.5.5 

Myxopapillary Ependymoma

Myxopapillary ependymoma of the conus medul-
laris and fi lum terminale is a relatively common 
spinal intradural neoplasm found predominantly 
in children (Nagib and O’Fallon 1997) and young 
adults, although it may be observed at older age. 
There is a slight male preponderance. Tumor loca-
tion at the lower thoracic level and lumbar spine is 
typical. Myxopapillary ependymomas are slow grow-
ing tumors: they may become very large before the 
diagnosis is fi nally made in patients with a classical 
long standing history of poorly specifi c chronic low 
back pain exacerbated at night. On MRI, the lesion is 
isointense compared to the cord and hyperintense on 
T2-WI: it enhances strongly after gadolinium injec-
tion (Fig. 18.24). Hemorrhage may occur, explaining 
the sudden worsening of clinical symptoms with oc-
currence of leg weakness and sphincter disturbances 
(Friedman and  Hollander 1998).

18.5.6 

Hemangioblastoma

Hemangioblastomas are benign, usually richly vas-
cularized spinal cord tumors and represent 2%–6% 
of all spinal tumors. They are often located super-
fi cially, in the subpial region (Figs. 18.4, 18.25). 
Hemangioblastomas have two different but rather 
typical presentations: either a small nodular lesion 
located in the sub-pial compartment and surrounded 
by extensive intramedullary edema (Fig. 18.4), or a 
small nodule associated with huge and extensive in-
tramedullary cystic components (Fig. 18.6). Heman-
gioblastomas can be solitary (in 80% of cases) or 
multiple, when associated with von Hippel-Lindau 
disease (Baker et al. 2000) (Figs. 18.4, 18.25). Exo-
phytic hemangioblastoma may occur with minimal 
cord reaction as well as extramedullary hemangio-
blastoma. 

Fig. 18.23a,b. Cystic ependymoma with mild contrast up-
take. A 40-year-old male with right thoracic pain of 1-year’s 
standing. a Sagittal T2-WI. b Sagittal gadolinium T1-WI. 
Large tumour infi ltration with many cystic components and 
signs of chronic hemorrhage. There is only a mild, ill-defi ned 
area of contrast uptake at the T3–T5 level. [Reprinted with 
permission from Baleriaux et al. (2004)]

ba
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Fig. 18.24a–d. Myxopapillary ependymoma. This 26-year-old male suffers from severe lower back pain without neurological 
defi cit. a Sagittal T1-WI: low signal intensity well-delineated tumor. b Sagittal T2-WI: The tumor is hypointense to the CSF 
but moderately hyperintense compared to the spinal cord. c Sagittal gadolinium T1-WI: the tumor enhances intensely after 
contrast administration. d Control postoperative sagittal gadolinium T1-WI shows complete removal of the tumor

b da c

On T1-WI, the solid nodule is isointense to hy-
pointense to the spinal cord; on T2-WI it is isoin-
tense to slightly hyperintense. A rich vascular 
network in the tumor, as well as enlarged feeding 
arteries and dilated draining veins, may best be seen 
on proton-density and T2-WI. After gadolinium in-
jection, intense and homogeneous contrast uptake is 
seen (Fig. 18.26) (Baleriaux 1999a; Colombo et al. 
1986). Contrast administration is especially useful 
in order to pick up small, multiple nodules when as-
sociated to large cystic components. DSA is still per-
formed to identify the feeding arteries to the tumor 
and, if possible, to perform pre-operative embolisa-
tion in order to reduce the bleeding during surgery 
of those richly vascularized tumors (Fig. 18.26).

18.5.7 

Cavernous Malformation (Cavernoma)

Cavernous malformations (also known as caverno-
mas) represent, in our experience, 8% of all intra-
medullary tumors. These vascular malformations 
may remain clinically silent for a long period of time 
before an acute and rapidly progressive neurologi-
cal medullary defi cit occurs due to bleeding. Before 

the advent of MRI these lesions were extremely dif-
fi cult to diagnose, especially in the spinal cord, as 
they usually are small and do not enlarge the spinal 
cord. On MRI, intramedullary cavernous malfor-
mations are usually easily recognized thanks to a 
typical “black and white” appearance due to areas 
of mixed signal intensity on both T1- and T2- or 
T2*-WI (Fig. 18.27). Contrast enhancement is vari-
able. Because cavernous malformations may be 
multiple, we recommend performing an MRI of the 
brain, whenever the diagnosis of an intramedullary 
cavernous malformation is suspected. If multiple 
similar lesions are found in the brain, this should 
support the fi nal diagnosis of cavernous malforma-
tion of the spinal cord (Santoro et al. 2004).

18.5.8 

Less Frequent Intramedullary Tumors

18.5.8.1 

Metastases

The true incidence of intramedullary metastases is 
diffi cult to ascertain and variably reported ( Koeller 
et al. 2000). Studies based on autopsy material are 
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biased, as the cord is often not systematically exam-
ined. Longer survival of cancer patients on the one 
hand and better imaging techniques on the other 
hand, enable detection of a higher number of in-
tramedullary metastases. Only 2.4% of metastases 
removed surgically from the CNS are located in the 
cord: moreover, it is extremely rare that a spinal cord 
metastasis represents the fi rst clinical manifestation 
of a primary cancer. Clinical symptoms are often 
non-specifi c, but usually involve root pain (Aryan 

et al. 2004).
The high sensitivity of MRI enables easy detec-

tion of intramedullary metastases: however, there 
are no specifi c MRI characteristics. Usually, spinal 
cord metastases are small, nodular, well-defi ned le-
sions, hypointense on T2-WI, surrounded by mild 

to extensive edema. The enhancement pattern may 
be either ring-like or homogeneous and intense 
(Figs. 18.28, 18.29) (Kalayci et al. 2004; Ijaz and 
Jones 1997).

Melanoma metastasis, in contrast, has a more 
specifi c appearance exhibiting a spontaneously hy-
perintense aspect on T1-WI linked to the presence 
of melanin. Longer survival of patients with mela-
noma explains the higher number of those metasta-
ses found recently (Conill et al. 2004).

18.5.8.2 

Ganglioglioma

Spinal cord gangliogliomas are rare, represent-
ing 3.8% of all central nervous system tumors 

Fig. 18.25a–d. Hemangioblastoma. A 26-year-old asymptomatic female 
with a familial history of von Hippel-Lindau syndrome. a Sagittal T2-WI. 
b Sagittal T1-WI. c Gadolinium T1-WI. Solid nodule enhancing strongly is 
seen in the conus. An associated cyst is located above the tumor with no 
enhancement of its borders. Typically, dilated veins are visible on the pos-
terior surface of the spinal cord, immediately above the tumor. d Axial 
gadolinium T1-WI confi rms the posterior location of the lesion

b

d
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Fig. 18.26a–d. Hemangioblastoma: role of embol-
isation. A 24-year-old male with an 1-year history 
of dysesthesia in the right superior limb and right 
hand. a Sagittal gadolinium T1 weighted images 
before (a) and after (c) embolisation. Well-defi ned 
tumor located in the posterior upper cervical 
spine with an associated cyst capping the lesion. 
b Digital substraction angiography shows a typi-
cal, richly vascularized tumor (Image courtesy 
Dr G. Rodesch, Hôpital Erasme, ULB). d Post-op-
erative sagittal gadolinium T1-WI obtained 24 h 
after surgery: complete removal of the tumor is 
confi rmed. The associated cyst is already much 
smaller whilst the anterior dilated vein located 
on the anterior surface of the bulbo-medullary 
region is unchanged

b

d
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( Hamburger et al. 1997). They mostly involve the 
upper cervical cord. One third of the gangliogliomas 
are seen in children. A large series of 27 patients 
with spinal cord gangliogliomas was reported by 
Patel et al. (1998). According to these authors, the 
diagnosis of intramedullary ganglioglioma can be 
suspected whenever, in young patients (mean age: 
12 years), a large tumor is found presenting with a 
tumoral cyst, no edema, mixed signal intensity on 
T1-WI and patchy enhancement (Fig. 18.10). Associ-
ated bone erosion and scoliosis is reported. How-

ever, the ultimate diagnosis needs to be ascertained 
by histopathology.

18.5.8.3 

Gangliocytoma

Gangliocytomas are intramedullary tumors usually 
involving multiple spinal cord segments. MR fi nd-
ings reported in the literature mention extensive 
intramedullary mass lesions of heterogeneous sig-
nal intensity with heterogenous enhancement and 
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Fig. 18.27a–e. Cavernous malformation. A 45-year-old women 
with paresthesia in the left part of the body. Recent increase of the 
paresthesia in the left inferior limb of 3 months standing. Sagittal 
T2-WI (a), sagittal T1-WI (b) and sagittal gadolinium T1-WI (c). 
The “pop-corn”, typical white and black aspect of this C4 lesion 
is highly suggestive of cavernous malformation, especially on the 
T2-WI. There is no peri-tumoral edema. The lesion is spontane-
ously partly hyperintense on T1-WI and enhances moderately 
after contrast administration. Coronal (d) and axial (e) gradient 
echo T2-WI. This imaging sequences best demonstrate the signs 
of chronic bleeding within the lesion. The coronal and axial ad-
ditional imaging planes show the partially exophytic location. In 
particular, this is extremely helpful to guide the eventual surgical 
procedure

b da c
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Fig. 18.28a,b. Intramedullary lung 
metastasis. Sagittal T2-WI (a) and 
sagittal gadolinium T1-WI (b). An 
isointense lesion is seen at the level 
of C4–C5 on T2-WI, surrounded by 
an extensive edema. Intense gado-
linium uptake confi rms the tumor 
borders in this case of a 55-year-old 
male with a congenital cervical 
spinal canal stenosis. The primary 
lung cancer was unknown at the 
time of imaging ba

Fig. 18.29a–c. Metastases of a 
fronto-ethmoido-orbital carcinoma. 
Series of adjacent sagittal gado-
linium enhanced T1-WI. Multiple 
enhancing nodules located both in 
and around the spinal cord ba c
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without associated syrinx. Other reports have de-
scribed extensive cyst formation along with tumor 
enhancement. There is apparently no reliable way to 
differentiate a gangliocytoma from a ganglioglioma 
on the basis of imaging characteristics. Both types of 
tumors show little propensity for growth and both 
are treated with surgery (Russo et al 1995).

18.5.8.4 

Oligodendroglioma

Oligodendrogliomas are rare in the spinal cord 
(Fountas et al. 2005). They exhibit no specifi c 
MRI characteristics. However, the few cases in our 
experience were relatively small tumors (two verte-
bral segments) with ill-defi ned borders and slight 
hyperintensity on T1-WI. No peritumoral edema or 
contrast uptake was observed.

18.5.8.5 

Intramedullary Schwannoma, Melanotic 

Schwannoma 

Purely intramedullary schwannomas may be seen 
as well circumscribed lesions, isointense on T1-WI 
and hypointense on T2-WI. They enhance homoge-
neously (Fig. 18.7). Usually, there is only mild or no 
peritumoral edema, refl ecting the slowly growing 
nature of these tumors (Colosimo et al. 2003). The 
extra-axial nature of the tumor can only be detected 
through careful scrutiny of the spinal cord surface. 
Some schwannomas contain melanin that can be 
detected thanks to the high signal appearance on 
T1-WI (Santaguida et al 2004).

18.5.8.6 

Dermoid Cyst

Spinal dermoids are most commonly detected in 
infants, during the fi rst year of life. They can oc-
cur both in the intramedullary or extramedullary 
compartment. Their MR signal behavior is variable, 
linked to the different nature of their components. 
Still, a hyperintense appearance is usually found 
on T1-WI.

18.5.8.7 

Lipoma

Lipomas constitute 6% of intramedullary tumors 
in our series. Intramedullary lipomas must be dif-
ferentiated from cauda equina lipomas or lipomas 

associated with dysraphism: the clinical, radiologi-
cal, and surgical problems raised by these lesions 
are indeed totally different (Timmer et al. 1993). 
Although lipomas appear well-defi ned on MRI, no 
cleavage plane from the surrounding spinal cord 
is found at surgery. Therefore, the tumor usually 
cannot be completely resected without causing se-
vere neurological damage and only widening of the 
spinal canal allowing further slow tumor growth is 
benefi cial to the patient. The typical hyperintensity 
of lipomas on T1-WI makes these lesions easy to 
diagnose with MRI (Fig. 18.30).

18.5.8.8 

Lymphoma

Primary intramedullary lymphomas are rare in 
immunocompetent patients but are more frequent 
in AIDS patients. The most common MRI fi ndings 
reported are a solid and homogeneously enhancing 
mass that is hyperintense on T2-weighted images, 
without associated syringomyelia (Nakamizo et al. 
2002).

18.5.8.9 

Vascular Lesions

Intramedullary arteriovenous malformations (AVM) 
have a relatively specifi c appearance: fl ow void phe-
nomena are easily shown on proton density and T2-
WI images. Cord enlargement is minimal. In the case 
of acute bleeding, hemorrhage is shown as low signal 
intensity on T2-WI with iso- becoming later hyper-
intense areas on T1-WI (Fig. 18.31). MRA is a helpful 
tool to ascertain the diagnosis although conventional 
DSA remains the diagnostic modality of choice; it 
can be followed immediately by an interventional 
procedure (Lahanis 1993).

Dural fi stulae are more diffi cult to diagnose: they 
are often located at the lower thoracolumbar level, 
although they may also be encountered at the cervi-
cal and thoracic level. In many cases, there are no ev-
ident abnormalities on T1-WI. However, on T2-WI, 
the cord exhibits an extensive high signal intensity 
area that enhances homogeneously after contrast 
injection. The cardinal diagnostic features are the 
enlarged arterial and venous structures surround-
ing the medulla, best seen on thin section T2-WI 
or MR myelography, and confi rmed by MRA. Un-
fortunately those fi ndings are often misdiagnosed 
in clinical practice and considered erroneously as 
tumors!
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Fig. 18.30a–c. Thoracic intramedullary lipoma. A 30-year-old male with a 2-year history of dysesthesia in the left foot. 
Sagittal T2-WI (a), sagittal T2-WI with fat suppression (b), sagittal T1-WI (c). Intramedullary T5–T6 lesion with a typical 
hypointense aspect on T2-WI and hyperintense on T1-WI. The T2-WI with fat suppression technique defi nitely confi rms 
the fatty nature of the lesion

a b c

18.6 
Intradural Extramedullary Tumors

Most intradural extramedullary tumors are benign. 
They originate either in a spinal nerve or in the me-
ninges. Schwannomas, together with meningiomas, 
account for almost 50% of all intradural extramed-
ullary neoplasms.

18.6.1 

Schwannoma and Neurofi broma

Schwannomas are the most common intradural ex-
tramedullary tumors. They are usually well encap-
sulated tumors that can be cystic. Typically, they 
arise from the dorsal sensory root (De Verdelhan 

et al. 2005). The majority of neurinomas (70%–75%) 
are purely intradural extramedullary tumors. Still, 
15% are extradural and 15% have a “dumbbell” 
shape involving both the intra- and extradural space 
(Fig. 18.32). Neurinomas are found at the cervical 
and thoracic region in 60% of cases and 40% in the 

lumbar region. Less than 1% grows inside the cord. 
Schwannomas are solitary tumors.

CT is useful in order to depict associated bone ero-
sion centred on the foraminal canal and/or vertebral 
body scalloping. Calcifi cations are rare (Fig. 18.33). 
On MRI, neurinomas are isointense to the cord in 
70% of the cases while 20% are moderately hypoin-
tense on T1-WI. On T2-WI, 95% of those lesions 
are hyperintense. Of the schwannomas, 40% have a 
cystic component. Hemorrhage is found in 10% of 
cases. After contrast injection, almost all schwanno-
mas enhance intensely and homogeneously. A more 
heterogeneous pattern is seen when cystic. Giant 
schwannomas are typically encountered at the lum-
bar level and are then almost indistinguishable from 
myxopapillary ependymoma (Fig. 18.24) or heman-
giopericytoma (Fig. 18.34). 

Neurofi bromas (Figs. 18.35, 18.36) are not well 
encapsulated, are ill-defi ned and often present as 
multiple tumors. MRI usually does not enable dif-
ferentiation between a schwannoma and a neuro-
fi broma when the tumor is solitary (Huang et al. 
2005). In neurofi bromatosis type 1 (Fig. 18.35), mul-
tiple plexiform neurofi bromas are typically encoun-
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Fig. 18.31a–e. Cervical arteriovenous 
malformation. An 8-year-old boy with 
a cervical spinal cord AVM diagnosed 
after a sudden right hemiplegia. Sagit-
tal T1-WI (a), sagittal gadolinium T1-
WI (b,c), sagittal T2-WI (d,e). The cer-
vical spinal cord is enlarged by a C4–C5 
lesion best delineated on T2-WI. It has 
an inhomogeneous aspect with typical 
fl ow void components and partially 
enhancing areas. It is surrounded by 
extensive edema at both extremities

b

d

a c

e
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Fig. 18.32a–e. Upper cervical schwannoma. A 35-year-old male with a 1-year history of right arm paresis. Sagittal T1-WI 
(a), sagittal T2 (b) and sagittal gadolinium T1-WI (c). Well circumscribed extramedullary tumor with homogeneous signal 
behaviour, hypointense on T1- and hyper-intense on T2-WI. Intense contrast uptake. Coronal (d) and axial gadolinium T1-
WI (e). Those images obtained in different imaging planes best demonstrate the full extent (intra- and extradural location) 
of the lesion at the C1–C2 left foramen allowing a defi nite diagnosis of schwannoma

b

d

a c

e
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Fig. 18.33a–d. Calcifi ed cervical schwannoma. Incidental fi nding in a 35-year-old patient investigated by MRI for a huge 
subcutaneous lipoma. Coronal T1-WI (a) and coronal gadolinium T1-WI (b). Large upper cervical tumor with a dumbbell 
shape, mainly hypointense with minimal enhancement at the periphery. Impressive compression and right lateral displace-
ment of the upper cervical cord. Sagittal T2-WI (c) and sagittal T1-WI (d). This very slowly growing tumor has sharp borders 
and is calcifi ed. Note the presence of a huge upper cervical lipoma, the reason why in fact this MRI was performed before 
surgical removal!

dc

ba
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Fig. 18.34a–c. Hemangiopericytoma. A 32-year-old man com-
plaining of lumbar pain of 8 months’ standing and progressive 
weakness of both legs of a few weeks’ standing. Sagittal T2-WI (a), 
sagittal gadolinium T1-WI (b) and axial gadolinium T1-WI (c). In-
tra- and extracanalar tumor with well defi ned borders. The tumor 
is slightly heterogeneous with a low intense aspect on T2-WI. It 
enhances strongly after gadolinium injection. The axial plane best 
shows the dumbbell aspectba

c

Fig. 18.35a,b. Neurofi bromato-
sis type 1. Follow-up MRI in a 
27-year-old man with known 
neurofi bromatosis type I. Coronal 
T2-WI (a) and coronal myelo-
MRI (b). Multiple plexiform neu-
rofi bromas are nicely shown on 
those coronal views. The myelo-
graphic MIP (b) image provides 
an excellent global view of this 
massive involvement of most tho-
racic and lumbo-sacral nerves ba
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tered: they are iso-/hyperintense on T2-WI with a 
“target” aspect (hyperintense rim and low/interme-
diate center). Enhancement is typically mild. Malig-
nant degeneration does occur rarely, mainly in the 
case of neurofi bromatosis type 2.

18.6.2 

Meningioma

Meningiomas are mainly dural-based intradural 
tumors (95%). Still, the dumbbell presentation 
may be found in 5% of cases. Overall, 80% of me-
ningiomas are found in the thoracic region, with 
a female preponderance (fi fth/sixth decade); 16% 
of meningiomas are located in the cervical region 
and only 4% are lumbar. Multiple meningiomas are 
rarer than multiple neurinomas. Giant meningio-
mas have been described. On MRI meningiomas 
are largely isointense to the spinal cord both on 
T1-WI and T2-WI. They enhance in a homogeneous 
and intense manner after gadolinium injection 
(Figs. 18.37, 18.38). The classical “dural tail” may 
be seen although this aspect is less frequently and 

less typically found in the spine compared to the 
intracranial location (De Verdelhan et al. 2005). 
Calcifi cations are more diffi cult to pick up with MRI 
than with CT; therefore, CT is a useful complemen-
tary procedure.

18.6.3 

Paraganglioma

Paragangliomas of the spinal canal may occur any-
where in the spinal canal; still, the lumbosacral level 
is most commonly affected (Slowinski et al. 2005). 
The mean age of patients at presentation is around 
50 years. Paragangliomas are slow growing, richly 
vascular tumors that may become very large, erod-
ing the bony canal. Their appearance on MRI is 
non-specifi c (Fig. 18.39). Still, the presence of a “fl ow 
void” phenomenon can be picked up on T2-WI, in-
dicating a highly vascularized tumor (Perez-Lopez 
et al. 2004). In general, paragangliomas are relatively 
benign tumors. Some paragangliomas are more 
aggressive and may give rise to metastatic spread 
( Sundgren et al. 1999).

ba

c

Fig. 18.36a–c. Neurofi bromatosis type 2 in a 52-year-old female. 
a,b Sagittal gadolinium T1-WI of the spine show multiple en-
hancing extramedullary lesions. There is also an intramedullary 
tumor at the level of the conus: ependymoma. c Sagittal gadolin-
ium T1-WI of the head demonstrates multiple meningiomas at the 
convexity and the tentorium



  Intradural Spinal Tumors 451

Fig. 18.37a–d. Cervical meningioma. 
A 73-year-old female with chronic 
cervical pain. Sagittal T1-WI (a) and 
sagittal gadolinium T1-WI (b). The 
tumor has well-defi ned borders, is 
isointense to the cord and enhances 
strongly. Coronal (c) and axial gado-
linium T1-WI (d). Those additional 
imaging planes better show the rela-
tionship between the tumor and the 
dura. There is no extension through 
the adjacent neural foramen

b

d

a

c

18.6.4 

Lipoma

Lipomas are rare, congenital lesions. They occur both 
as intramedullary or extramedullary intradural le-
sions. They are classically associated with congenital 
anomalies (spinal dysraphism, tethered cord, menin-
goceles, etc.) (Pathi et al. 2003). Their MR presenta-
tion is typical because of the high signal intensity 
on T1-WI. On CT, they also produce a characteristic 
appearance as strongly hypodense lesions.

18.6.5 

Epidermoid

Epidermoid cysts represent 0.5%–1% of all spinal 
tumors and 10% are found in children. Their origin 
is either congenital or acquired. When congenital, 
they are located at the level of the conus or the cauda 
equina. Acquired epidermoid tumors are probably 
of iatrogenic origin (adverse complication after lum-
bar puncture) and are mainly found at the lower 
lumbar region. On MRI, epidermoid cysts are iso- 
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or slightly hypointense to the spinal cord and iso- 
to hyperintense to CSF on T2-WI (Fig. 18.40). They 
are better appreciated on T1-WI and proton-density 
images than on T2-WI. They do not enhance after 
contrast administration.

18.6.6 

Dermoid Cysts

Dermoid cysts are congenital midline cystic tumors. 
They represent 20% of all intradural tumors seen 
during the fi rst year of life. Their most common 
location is the lumbosacral region: 20% of those 
lesions are associated with a dermal sinus tract. 
Dermoids typically present a mixed intensity pat-
tern with a fatty component responsible for a hy-
perintense aspect on T1-WI (Fig. 18.41). Dermoids 
and epidermoids may rupture and cause chemical 
meningitis (Gupta et al. 1993).

18.6.7 

Metastases

Thanks to MRI, multiple small intradural extra-
medullary metastases can nowadays easily be diag-
nosed at a much earlier stage. When they may occur 
through metastatic spread from a brain tumor, they 
are preferentially located at the lumbo-sacral level 

Fig. 18.38a,b. Meningioma of the craniocervical junction. Sagittal T2-WI (a), sagittal gadolinium T1-WI (b). In this case, 
the dural base of this anteriorly located tumor is clearly seen. The lesion is isointense on T2-WI and enhances strongly and 
homogeneously after gadolinium administration

a b

and are called “drop metastases” [ependymoma, 
medulloblastoma, glioblastoma multiforma, lym-
phoma (Figs. 18.42, 18.43)]. Alternatively, they can 
originate from a primary non-CNS tumor: breast 
and lung carcinoma are the most common origin 
(Fig. 18.28). PET scanning plays an important role in 
the diagnosis and monitoring of these lesions, which 
are highly metabolically active (Fig. 18.11).

18.6.8 

Extramedullary Ependymoma

Few cases of purely extramedullary ependymomas 
have been reported in the literature: imaging fi nd-
ings are non-specifi c and show a tumor located 
within the intradural extramedullary space. They 
may or may not enhance, and can have cystic com-
ponents (Graca et al. 2006). 

18.6.9 

Hemangioblastoma

Although hemangioblastomas are usually intramed-
ullary tumors, they may be located entirely outside 
the medulla. They are well circumscribed, usually 
small and richly vascular, enhancing after contrast 
injection (Fig. 18.44). They cannot be differentiated 
on MRI from schwannomas or metastases. Clinical 
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Fig. 18.39a–f. Paraganglioma. Sagittal T2-WI (a), sagittal T1-WI (b) and sagittal 
gadolinium T1-WI (c). Well-circumscribed intradural lumbar tumor with a hetero-
geneous aspect on T2-WI and signs of hypervascularisation. Dilated venous struc-
tures are shown at the posterior surface of the lower spinal cord. Coronal (d) and 
axial gadolinium T1-WI (e). There is an associated enlargement of the lumbar canal. 
f Coronal myelo-MRI shows the typically dilated veins at the surface of the cord

b d

f

a c

e
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Fig. 18.40a–c. Epidermoid cyst. Sagittal T1-WI (a), sagittal T2-WI (b), sagittal gadolinium T1-WI (c). Intradural mass with 
a signal behaviour very similar to CSF. No contrast uptake after gadolinium injection

ba c

Fig. 18.41a,b. Dermoid cyst. A 16-year-old girl with lumbar pain 
of a few weeks’ standing and walking diffi culties. Sagittal T1-
WI (a) and sagittal T2-WI (b). Small fat containing intradural 
tumor

ba

Fig. 18.42. Metastases from an intracerebral highly malignant gliosarcoma in a 49-year-old 
man. Sagittal gadolinium T1-WI. After gadolinium injection, intense enhancement due to 
metastatic spread is seen, surrounding the lower spinal cord and the cauda equina
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Fig. 18.43a–d. Lymphoma. A 70-
year-old male with a history of 
systemic lymphoma treated with 
chemotherapy.The patient had 
recently complained of progressive 
paraparesis of the lower limbs. 
Axial T1-WI (a) and axial T2-WI 
(b). Low signal intensity lesion on 
both T1-WI and T2-WI. Dumb-
bell shaped tumor without erosion 
of the adjacent bony structures, 
signs of a rapidly evolving tumor. 
Sagittal T1-WI (c) and sagittal 
gadolinium T1-WI (d). The lesion 
enhances only moderately

b

d

a

c

history and especially the presence of von Hippel-
Lindau disease will help to establish the differential 
diagnosis.

18.7 
Diff erential Diagnosis: Tumor Mimics

18.7.1 

Intramedullary Non-tumoral Lesions

Even with MRI, it may be diffi cult or impossible 
to differentiate spinal tumors from intramedullary 

non-neoplastic lesions (Lee et al. 1998). In one series 
of 212 patients undergoing surgery for intramedul-
lary spinal cord “tumors”, investigators reported 4% 
of non-neoplastic lesions (Lee et al. 1998). Histo-
logical examination showed demyelinating disease, 
sarcoid, amyloid angiopathy, and even a mass of 
nonneoplastic infl ammatory cells of unknown ori-
gin! It is therefore essential to know that various 
non-neoplastic intramedullary lesions can simulate 
tumor infi ltration; they should be properly recog-
nized as such, in order to avoid unnecessary biopsy. 
The typical spectrum of non-neoplastic intramed-
ullary lesions includes MS plaques, infl ammatory 
lesions, granulomas, abscesses and radionecrosis 
(Schwartz and McCormick 2000). 
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Fig. 18.44a–c. Extramedullary, multiple hemangioblastoma. 
Sagittal gadolinium T1-WI (a), axial gadolinium T1-WI (b) and 
lumbar sagittal gadolinium T1-WI (c). Multiple small enhan-
cing lesions disseminated in the spinal canal in a patient who 
underwent total removal of a solitary large lumbar heman-
gioblastoma 15 years previouslyba

c

Radiation necrosis is a rare complication of spi-
nal irradiation: acute necrosis within the spinal cord 
is seen as a mass lesion with a necrotic center and 
enhancing rim (Fig. 18.45). Clinical history should 
guide the differential diagnosis.

18.7.2 

Multiple Sclerosis (MS)

An isolated multiple sclerosis (MS) plaque can easily 
simulate an intramedullary tumor, especially when 
the lesion causes fusiform enlargement of the cord. 
MS plaques are usually iso- or hypointense on T1-
WI, hyperintense on T2-WI and in the acute phase, 
enhance mainly in a ringlike mode (Schwartz and 
McCormick 2000). However, the clinical symptoms 
usually develop more acutely compared to an in-
tramedullary glioma. MRI of the brain should be 
performed to rule out cerebral lesions. MRS, when 
available and technically feasible, may be a help-
ful tool to rule out a tumor (Fig. 18.8). When deal-
ing with a solitary isolated lesion, and when MS 
is clinically suspected, a follow-up MRI obtained 
after 6–8 weeks (and appropriate therapy with cor-
ticosteroids) will show size reduction of the lesion 

(Fig. 18.46). In this way, an unnecessary biopsy or 
attempt to remove the lesion can be avoided! 

18.7.3 

Sarcoidosis

Sarcoidosis is rare in the spinal cord. Diagnosis of an 
intramedullary lesion is facilitated when the patient 
is known to have systemic sarcoidosis. In two of our 
cases, the patient had a solitary spinal cord lesion 
presenting as an intramedullary tumor (Fig. 18.47) 
(Levivier et al. 1991). MRI demonstrated nonspecifi c 
fi ndings of a nodular lesion, with strong enhancement 
on post-contrast T1-WI. Sarcoidosis should thus be 
included in the differential diagnosis of a nodular 
intramedullary lesion. Biopsy may be required and 
should be performed to establish the diagnosis when 
there are no systemic signs of sarcoidosis.

18.7.4 

Infectious Spinal Cord Diseases

Spinal cord abscesses are rare (Weng et al 2001; 
Chan et al. 1998). Since the original description in 
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Fig. 18.45a,b. Radionecrosis. Sagittal T2-WI (a) and sagit-
tal gadolinium T1-WI (b). Enhancing mass lesion at the C2 
level: biopsy confi rmed an area of radionecrosis in a pa-
tient who had undergone total removal of a posterior fossa 
malignant ependymoma followed by radiotherapy 2 years 
previously. [Reprinted with permission from Baleriaux 
et al. (2004)] ba

1830, fewer than 100 cases have been reported in the 
literature (Murphy et al. 1998; Quencer and Post 
1997). A spinal cord abscess is easily diagnosed when 
it occurs as a complication of spinal surgery, or in 
the setting of infectious spondylodiscitis, because of 
the continuity with bony lesions. Intramedullary tu-
berculosis has been reported but again is extremely 
rare, as are Shistosomiasis and toxoplasmosis, 
among others. It is mainly in immunocompromised 
and AIDS patients that these rare infectious compli-
cations are found in the spinal cord. Clinical history 
is usually very helpful (Baleriaux et al. 1992).

Myelitis and transverse myelitis are more com-
mon compared to spinal cord abscess and usually are 
from viral origin, although it should be emphasized 
that in more than 50% of cases the origin remains 
unknown. MRI plays a key role since it is the only 
imaging modality that allows direct visualization of 
the disease. The spinal cord is usually only mildly 
enlarged while there are one or multiple foci of ill 
delineated high signal intensity areas on T2-WI, low 
or iso-signal on T1-WI and enhancing moderately 
to strongly after gadolinium enhancement. Differ-
ential diagnosis includes mainly multiple sclerosis 
and metastasis (Baleriaux and  Neugroschl 2004). 
Again, the clinical history is usually very helpful.

18.8 
Conclusions

Although spinal intradural tumors are relatively 
rare lesions, they represent a signifi cant cause of dis-
ability and concern mostly younger patients. MRI 
has played a major role in the diagnosis and manage-
ment of these patients, who often benefi t from major 
improvement after surgical treatment.
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Fig. 18.46a–e. Multiple sclerosis. A 31-year-old female with a left-hand 
dysesthesia evolving rapidly. Sagittal T2-WI (a), sagittal gadolinium 
T1-WI (b). Mild enlargement of the cervical spinal cord. Patchy en-
hancement is seen in the posterior cord at the level of C4–C5. Sagit-
tal T2-WI (c), sagittal gadolinium T1-WI (d), control MRI obtained 
1 month later. The lesion enhances in a more ringlike mode. e Sagittal 
proton density image of the brain demonstrates periventricular hy-
perintense lesions highly suggestive of MS

dc

e

a b

Fig. 18.47a,b. Cervical spinal cord sarcoidosis. Sag-
ittal T1-WI (a) and sagittal gadolinium T1-WI (b). 
There is a mild enlargement of the cervical spinal 
cord at the level of C4. The lesion enhances strongly 
after gadolinium injection. This fi nding is non-spe-
cifi c: differential diagnosis includes tumor infi ltra-
tion and MS. Biopsy was necessary to provide the 
fi nal diagnosis as there was no evidence of systemic 
sarcoidosisba
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19.1 
Spinal Metastatic Disease

The vertebral column is the most common site for 
bony metastases in patients with systemic malig-
nancy, and metastatic lesions are the most common 
tumors of the spine (Harrington 1986). Patients 
with metastatic spinal tumors may present with 
pain (most common clinical presentation), neu-
rologic defi cit or both. Some tumors on the other 
hand are asymptomatic and are detected during 
screening examinations. Treatment options include 
chemotherapy, hormonal therapy, steroids, surgery, 
radiation and combinations thereof.

Metastases of the spine can occur:
1. Intramedullary
2. Intradural but extramedullary
3. Extradural in the epidural space
4. In the osseous spine

Spinal metastases most often originate from car-
cinomas of the breast (21%), lung (14%), prostate 
(7.5%), kidney (5%) and gastrointestinal tract (5%) 
(Schick et al. 2001; Harrington 1986). These tu-
mors generally involve the bones of the vertebrae or 
the surface of the spinal cord, but less than 5% of all 
metastatic spine tumors are intradural (either intra- 
or extramedullary).

The most common tumors known to spread to 
meninges are small cell lung cancer (11%), breast 
cancer (5%) and melanoma.

19.1.1 

Intramedullary Metastases 

Intramedullary metastases are very rare (1%–3% of 
cancer patients) and usually originate either from 
non-CNS tumors (breast and lung cancers). CNS tu-
mors that may also metastasize to the cord are glio-
blastoma, medulloblastoma and ependymoma. Tu-
mor spread occurs either via blood or through cord 
penetration from leptomeningeal tumors. Intramed-
ullary metastases may be single or multiple, small 
and not enlarging the spinal cord, or large enough 
to completely replace the spinal cord, spreading into 
the meninges. Cord enlargement is focal in hematog-
enous spread, whereas the involvement of the spinal 
cord by direct spread from leptomeningeal tumors re-
sults in continuous enlargement of a cord segment.

If the lesion is large enough the cord enlargement 
has low signal on T1-weighted images (T1-WI), and 
high signal on T2-weighted images (T2-WI), with 
heterogeneous contrast enhancement. Viable tis-
sue shows up as the contrast-enhanced lesion, the 
remainder is edema (Fig. 19.1).
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K e y  P o i n t s

Spinal metastases most often originate from:

Breast (21%)

Lung (14%)

Prostate (7.5%)

Kidney (5%)

Gastrointestinal tract (5%)

Bone metastases

In up to 50% of patients with cancer
Among these 40%–70% are vertebral lesions

10% Unknown origin

Vertebral metastases

10% of patients with malignant neoplasms

Cause the primary symptoms in 10%–40% of 
these patients

No sex predilection

Most frequent in the 5th decade

Thoracic > lumbar > cervical (4:2:1)

Imaging

Screening asymptomatic patients: 
scintigraphy

But: screening for breast and lung metasta-
ses: MRI
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Suspected lesion (positive scintigraphy): con-
fi rm by plain fi lm/CT

Neurological symptoms: MRI

Vertebral collapse/compression fracture:

Benign:
No cortical destruction,
Retropulsion of bone fragments 
Intravertebral vacuum phenomenon
Multiple compression fractures
Focal concave collapse
Spared normal bone marrow SI of the verte-
bral body

Malignant:
Other (vertebral) lesions
Abnormal signal intensity of the pedicle or 
posterior element
Expansive
Cortical bone lysis
An encasing epidural mass or a focal paraspi-
nal mass
Focal acute angled collapse 
Convex posterior border
Complete absence of normal bone marrow
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Fig. 19.1a,b. Intramedullary metastasis at the level of C2. Rounded lesion in the central posterior part of the spinal cord 
on T1-WI (a). Contrast enhancement after gadolinium (b). The lesion predominantly involves the gray matter and has a 
necrotic center

a b
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Metastatic disease may also be detected by the 
presence of a syrinx.

In small lesions frequently the only sign is focal 
contrast enhancement.

The differential diagnosis includes transverse 
myelitis (vascular location and pattern of contrast 
enhancement), and an active multiple sclerosis (MS) 
plaque (different clinical history, less edema, usu-
ally multiple).

19.1.2 

Leptomeningeal Metastases

Leptomeningeal metastases have the same origin 
as intramedullary metastases, with the exception 
of acute leukemia, which occurs frequently in the 
dura.

Dural involvement, or carcinomatous meningitis, 
results in thickened leptomeninges (Fig. 19.2). As the 
tumor increases, nodules and/or plaques appear.

Specifi c imaging studies such as myelography or 
intrathecal contrast-enhanced CT reveal nodular 
fi lling defects. Basic MRI has a low sensitivity with 
40% false negatives. Contrast-enhanced MRI identi-
fi es the nodules directly and dural involvement can 
also be seen as abnormally strong enhancing and/
or thickened leptomeninges. Positive CSF cytology 
confi rms the diagnosis.

In the cauda equina and at the end of the dural 
sac drop metastases are easily recognized as small 
isointense nodules with marked contrast enhance-
ment surrounded by hypointense CSF (Fig. 19.3). 
Their detection may be more diffi cult on T2-WI. 
Only if they have relatively low signal compared to 
CSF are they recognizable.

In carcinomatous arachnoiditis the roots of the 
cauda equina appear mottled, ill-defi ned and/or 
asymmetrically distributed within the thecal sac. 
However, arachnoiditis due to infection or other eti-
ologies can have the same pattern. The difference is 
involvement of the spinal ganglion, which is seen in 
carcinomatosis, but is rare in arachnoiditis due to 
other pathology.

Fig. 19.2. Drop metastasis of different 
size and different morphology at L3–L4, 
L4 and in the cul-de-sac on this T1-WI 
after gadolinium

Fig. 19.3. Drop metastases fi lling the cul de sac on T2-WI and T1-WI before and after gadolinium
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19.1.3 

Epidural and Paraspinal Lesions

Epidural and paraspinal metastatic disease are closely 
related to the vertebral bodies (Fig. 19.4). The only epi-
dural location without vertebral involvement occurs 
in lymphoma, from spread of the retroperitoneum 
to the paraspinal and epidural spaces through the 
neural foramina. Dissection of the dura may cause 
spinal narrowing (Kienstra et al. 2000).

On MRI the tumoral cells infi ltrate and replace 
the fatty epidural spaces, with iso-hypointense sig-
nal on T1-WI, marked and homogeneous contrast 
enhancement and hyperintense signal on T2-WI. 
Spread of the process along the path of minor re-
sistance forces epidural spaces in the lower thoracic 
and lumbar spine to assume a biconvex form (cur-
tain sign), related to the ligament of Trolard that 
runs between the posterior ligament and the ante-
rior part of the dural sac (Fig. 19.5).

Differential diagnosis includes spondylitis, gran-
ulomatous infl ammatory infectious processes and 
epidural and paraspinal extension of aggressive ver-
tebral hemangioma (Figs. 19.6, 19.7). In  spondylitis 

the perivertebral collar is more prominent, bone ero-
sion is frequently more patchy and there is almost 
always involvement of the disk space and endplates. 
Epidural metastasis could simulate granulomatous 
infectious disease such as tuberculosis with epidural 
abscess, but in this case the process is usually more 
extensive. Aggressive expansile vertebral heman-

Fig. 19.4. Epidural metastasis. At a midthoracic level a poste-
rior epidural plaque compressing the cord posteriorly is seen 
on this T1-WI after gadolinium. At the same level a vertebral 
body metastasis with posterior wall erosion is revealed by its 
hypointense signal

Fig. 19.5a,b. Epidural metastasis. “Curtain sign” of the epi-
dural metastasis with vertebral body involvement on T1-WI 
before (a) and after (b) gadolinium and T2-WI

a

b
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gioma has a peculiar mottled signal with a swollen 
aspect of the vertebral body with cortical “lamellar” 
erosion due to compression, whereas metastasis in-
fi ltrates the cortex of the vertebra with osteolysis.

19.1.4 

Vertebral Metastases 

Vertebral metastases are the most frequent tumors 
of the spine.

Bone metastases occur in up to 50% of patients 
with cancer, and among these 40%–70% are verte-
bral lesions. In 10% of the patients with neoplastic 
disease, the original tumor is unknown. Vertebral 
metastases occur in 10% of patients with malig-
nant neoplasms (Schiff et al. 1997) and cause the 
primary symptoms in 10%–40% of these patients, 
usually as vertebral collapse and/or spinal cord 
compression.

They can occur at any age and have no sex pre-
dilection, but are most frequent in the 5th decade. 
The incidence of spinal metastases increases with 
age.

Most of the metastases are located in the thoracic 
spine, less frequently in the lumbar spine and infre-
quently in the cervical spine (factors 4:2:1).

Pain is the most frequent clinical presentation 
and is related to metastatic vertebral compression 
fracture, and in 10% of patients the clinical presen-
tation of cancer. Neurological symptoms can occur 
due to a posterior dislocated bone fragment, epidu-
ral extension of bone involvement or both (Schiff 
et al. 1997). 

Symptoms depend on the vertebrae involved, 
and include local radiculopathy with bands of hy-
poesthesia and/or hyperesthesia, amyotrophia, loss 
of refl exes and vasomotor disturbances. Under the 
level of the lesion motor, sensory and sphincter dis-
orders are related to spinal cord compression. An-
terior compression more often causes motor symp-
toms, posterior compression deep sensitive signs 
and in lateral compression Brown-Sequard symp-
toms can occur.

Sometimes vertebral metastases are asymptom-
atic. 

Metastasis involves primarily the medullary bone 
and causes osteoclastic and osteoblastic activation 
with subsequent lysis (70%), osteosclerosis (9%) or 
both (21%). Osteosclerosis is a reactive phenomenon 
(increased osteoblastic activity) and is not necessar-
ily formed by the tumor itself.

Fig. 19.6a,b. Benign (hemangioma) and malignant collapses 
in the same patient. Vertebral collapses of L3 and L4. L3 is only 
minimally decreased in height with erosion of the posterior 
wall and epidural extension, and high signal SI on T2-WI (a). 
L4 is partially collapsed with osteolysis of the posterior wall 
and epidural extension with high signal. L3 has a mottled as-
pect on T1-WI (b), whereas L4 is homogeneously hypointense. 
Vertebral aggressive hemangioma in L3 and metastasis in L4

a b

Fig. 19.7a,b. Metastasis of breast carcinoma: differential di-
agnosis with spondylitis. Hypointense lesion both on T1-WI 
(a) and T2-WI (b), with little paraspinal collar and partially 
spared disk

a b
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Spread of tumors to the spine is believed to occur 
by three mechanisms:

Direct extension
Hematogenous spread through the arterial system
Retrograde spread through the venous system via 
Batson‘s venous plexus

Metastases show a strong predilection for the 
high vascular bone marrow and replace the normal 
fat cells with tumor.

Lung carcinoma metastasizes arterially, prostate 
and breast carcinomas disseminate venously related 
to a complex system with communicating intraspi-
nal and extraspinal veins, favoring tumor local-
ization to the vertebral column (thoracic spine for 
breast cancer, and lumbar spine for pelvic tumors).

19.2 
Imaging

Imaging modalities should be tailored to detect 
lesions, assess localization and the compartments 
involved (intramedullary, intradural, extradural 
and/or vertebral) and ideally suggest therapeutic 
strategies (Andreula and Murrone 2005).

19.2.1 

Imaging Technique

In patients suffering from a carcinoma with a ten-
dency to metastasize to the skeleton, who are clinically 
suspected of having metastases, Technetium-99m-
methylene diphosphonate (Tc-MDP) scintigraphy al-
lows assessment of the entire skeleton in one single 
examination. The high sensitivity of Tc-MDP scintig-
raphy in the detection of osseous metastases makes it 
ideal in the screening of the skeleton. However, its low 
specifi city necessitates the diagnosis to be confi rmed 
by plain fi lm radiography (positive if >50% of bone is 
destroyed, can be negative otherwise), CT or MRI.

Because of their excellent specifi city, compared 
with MDP bone scans, Technetium-99m-sestamibi 
(Tc-MIBI) scans may play an important comple-
mentary role in differentiating vertebral metastases 
from traumatic vertebral fractures (Buyukdereli 
et al. 2006).

MRI is more sensitive in the detection of skeletal 
metastases than is bone MDP scintigraphy (Algra 

�
�
�

et al. 1991a,b). MRI is positive in 15% of patients 
with negative bone scans, and reveals 20% more le-
sions in patients with positive bone scans.

The factors contributing to the discrepancies be-
tween bone scintigraphy and MRI are related to the 
size and location of the lesions. Increased osteoblas-
tic activity is necessary to have positive scintigraphy 
and intratrabecular lesions without a high osteoblas-
tic turnover remain undetected by bone scans. For 
this reason some authors suggest MRI in the screen-
ing for breast and lung metastases (Eustace et al. 
1997; Steinbborn et al. 1999; Layer et al. 1999). 

In patients with neurological symptoms (local-
ized pain and /or spinal cord compression signs), 
MRI is mandatory, and is the fi rst choice examina-
tion for detecting and defi ning spinal metastases. 

CT is not suited as a screening examination be-
cause of the use of ionising radiation, but it is useful 
in evaluating lesions detected by scintigraphy, but not 
confi rmed by plain fi lm. It reveals trabecular and cor-
tical bone lysis, invasion of the paraspinal tissues and 
the relative speed of growth of the tumor by identify-
ing a sclerotic peritumoral reaction. CT depicts the 
tumor growth ratio starting from grade 1: lysis with 
sclerotic border, over grade 2: lysis without sclerotic 
border to grade 3: lysis with ill-defi ned border.

Again MRI is the most important modality for in-
vestigating the whole spine with a panoramic view 
and a high contrast resolution.

Given the high sensitivity of MRI in the detec-
tion of skeletal metastases, whole-body MRI is ad-
vocated when metastases are suspected (Eustace 
et al. 1997). Screening of the entire skeleton can be 
achieved in 40–45 min using STIR T1-WI. In a com-
parative study PET has a sensitivity of 90%, whole 
body MRI of 82% and 99m Tc scintigraphy of 71%.

19.2.2 

MRI

Suggested MRI protocol:
1. SE T1-WI. Anatomic sequence with high contrast res-

olution between red bone marrow (isointense), fatty 
bone marrow (hyperintense) and metastasis with cel-
lular bone marrow replacement (hypointense).

2. FSE T2-WI: “water” sequence with hyperintensity 
of the tumoral lesion.

3. STIR or SPIR: also known as “fat suppression 
sequences” with hyperintense tumoral lesion in 
a “dark” background of normal suppressed bone 
marrow.
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Infi ltrative processes such as malignant neoplasms 
tend to replace the normal bone marrow components 
completely. Normal hematopoietic marrow in the 
axial skeleton has fat and water components (red 
marrow 40% fat and yellow marrow 80% fat content). 
Theoretically, the replacement of fat by a neoplastic 

process should result in a decreased loss of signal 
intensity on out-of-phase images compared with in-
phase images.

Chemical shift imaging makes use of the slight dif-
ference in Larmor frequencies between fat and water 
protons (Wismer et al. 1985). Bone marrow in the ver-
tebral bodies displays a somewhat variable behavior at 
chemical shift MR imaging. Results suggest that a de-
crease in signal intensity greater than 20% on out-of-
phase images compared with in-phase images should 
be used as a cutoff threshold for normalcy to allow 
distinction between benign and malignant causes of 
vertebral marrow abnormalities (Zajick et al. 2005).

Gadolinium chelates as an intravenous contrast 
agent may be helpful in the diagnosis and differential 
diagnosis of spinal metastatic disease (Verstraete 
et al. 1994; Montazel et al. 2003; Baur et al. 1997). 
Use of an intravenous contrast medium in T1-WI 
with fat suppression avoid confusion between con-
trast-enhanced lesions and fat ‘spots’. It is mandatory 
to obtain images without contrast-enhancement fi rst, 

because sometimes the enhanced lesion matches the 
signal of the normal adjacent bone marrow making 
it much less conspicuous (ghost tumor). Contrast en-
hanced images on the other hand defi ne better the ex-
traosseous component, the “pseudocapsule” if pres-
ent, epidural extension and dural invasion.

STIR images are very sensitive in detecting bone 
marrow pathology (Mehta et al. 1995) and negative 
STIR exclude metastases obviating the use of intra-
venous contrast (Mahnken et al. 2005).

On T1-WI spinal osteolytic metastases are hy-
pointense signal in relation to the normal bone, 
whereas on T2-WI they are hyperintense, especially 
on STIR and SPIR sequences (Figs. 19.8–19.10).

On the contrary, osteosclerotic metastasis (from 
carcinoma of the prostate, for example) have low sig-
nal on T1- and T2-WI (Figs. 19.11, 19.12). Sometimes 
sclerotic lesions, seen on plain fi lms can present 
with high signal on T2-WI due to the presence of an 
infi ltrating component.

Cortical bone destruction can be seen on T1-WI 
and even better on proton density images as a lack of 
hypointense signal of the vertebral body contour.

In osteolytic metastases contrast enhancement of 
the lesion is massive and marked, whereas in scle-
rotic lesions the enhancement is heterogeneous and 
peripheral.

Fig. 19.8a–c. Breast carcinoma with lytic metastases. Abnormal low signal in the body and pedicle on T1-WI (a) correspond-
ing to high SI lesions on STIR images (b). After intravenous contrast medium administration the signal matches the normal 
bone marrow except at the border, revealed by a thin dark line (c)

a cb



468 C. Andreula, M. Murrone, and P. R. Algra

Fig. 19.9a–c. Vertebral metastasis in the left pedicle of L3. Subtle abnormal low signal is seen on T1-WI (a), better seen on 
the STIR images as areas of high SI (b,c)

Fig. 19.10a,b. Value of the STIR images in detecting metastasis. A slight change in morphology of the body and the pedicle 
of L1, without any valuable signal intensity change, is seen on the sagittal T1-WI (a). On STIR images neoplastic infi ltration 
is much clearer (b)

a cb

a b
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Fig. 19.11a,b. Prostate carcinoma with osteoblastic and mixed type metastases. Abnormal low signal on T1-WI (a) and STIR 
images (b) in Th10, Th11, L3, L4 and L5, whereas Th12, L1 and L2 have mixed signal on T1-WI and STIR images. In this case 
both osteoblastic and mixed lesions are present. The Th9 vertebral body has high signal on T1-WI and STIR images related 
to post-radiotherapy fatty transformation of the bone marrow

a

b
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The combination of non-contrast-enhanced T1-
WI and contrast-enhanced sequences is advised to 
determine the presence of spinal metastases in chil-
dren with neuroblastoma, particularly those chil-
dren who are 1 year and older (Meyer et al. 2005; 
 Daldrup-Link et al. 2001).

19.3 
Diff erential Diagnosis

Some non-tumoral lesions may mimic metastases.
Physiological or pathological changes of the bone 

marrow, for example in young people with an in-
verted ratio of red and fat marrow, in medullar hy-
perplasia (caused by anemia, smoking), or related to 
stimulation of hematopoiesis may cause low signal 
of the bone marrow on T1-WI. Also red (hematopoi-
etic) bone marrow islands may suggest infi ltrating 
metastases. Usually these have less marked hypoin-
tensity and they lack the marked contrast enhance-
ment of metastases.

In some degenerative changes like degenerative 
osteochondritis, edema of the bone marrow may 

mimic a metastatic lesion: in such cases contrast en-
hancement could be marked, and only concomitant 
osteophytosis with “pointed” margins can be help-
ful in the differential diagnosis.

A recent Schmorl (intraspongeous) herniation in 
the endplate with reactive edema of the subchon-
dral zone could raise the suspicion of a metastatic 
localization, which can be excluded by multiplanar 
reformation in order to defi ne the cortical bone de-
pression caused by the disc material and the close 
relationship between edema and node.

In cases of isolated vertebral body collapse the 
differential diagnosis between recent (less than 
3 months) non-tumoral lesions (osteoporosis or os-
teopenia) and tumoral (metastatic) lesions can be dif-
fi cult. In both cases the signal will be low on T1-WI 
and high on T2-WI and fat suppression sequences. 
A benign lesion should be considered if the hypoin-
tensity on the T1-WI is under the concave endplate as 
a stripe- or band-like pattern (Modic et al. 1988a,b; 
Kuisma et al. 2006). Different patterns of contrast en-
hancement are helpful: marked and heterogeneous in 
metastases, arranged as a stripe in osteoporosis.

MR imaging (Yuh et al. 1989; Baur et al. 1998) 
and CT (Laredo et al. 1995) may be helpful in distin-
guishing benign from malignant causes of vertebral 

Fig. 19.12a–c. Prostate carcinoma with osteoblastic metastasis. A hypointense lesion in the body of L2 is seen on axial 
T1-WI (a). The T2-WI show a slight hypertense signal corresponding to an osteosclerotic rim and an infi ltrative core [FSE 
T2-WI (b) and GRE T2-WI (c)]

b ca
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Fig. 19.13a–c. Chronic and acute benign vertebral collapse in the same patient. Lateral plain fi lm shows vertebral collapses 
of L3 and L4. The vertebral body of L4 has a biconcave aspect, whereas L3 has an angled aspect of the inferior plate (a). 
MRI shows involvement of the upper part of the vertebral body of L3 with signal changes, hypointense on T1-WI (b) and 
hyperintense on T2-WI (c), band-like suggesting recent collapse. The vertebral body of L4 has a “normal” (degenerative 
signal), suggesting chronic benign osteopenic collapse

a

b

c
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fracture. This is of particular importance since spi-
nal metastases tend to occur in the elderly in whom 
osteoporotic fractures are also very common.

On CT benign collapses show fractures without 
cortical destruction, retropulsion of bone frag-
ments into the spinal canal, intravertebral vacuum 
phenomenon and absent or small soft tissue mass 
(Laredo et al. 1995). Of course, other small infi ltra-
tive vertebral lesions, pedicles and posterior element 
involvement with expansive features, cortical bone 
lysis and paravertebral and epidural invasion sug-
gest malignant collapse (Algra et al. 1992). 

MR imaging fi ndings suggestive of metastatic com-
pression fractures include: a convex posterior border 
of the vertebral body, abnormal signal intensity of the 
pedicle or posterior element, an epidural mass, an 
encasing epidural mass, a focal paraspinal mass and 
other spinal metastases. MR imaging fi ndings sugges-
tive of acute osteoporotic compression fractures in-
clude: a low-signal-intensity band on T1- and T2-WI, 
spared normal bone marrow signal intensity of the 
vertebral body, retropulsion of a posterior bone frag-
ment and multiple compression fractures (Figs. 19.6, 
19.13). The signal intensity on fast spin-echo T2-WI 
obtained without fat suppression played little role in 
distinguishing between metastatic compression frac-
tures and acute osteoporotic compression fractures 
(Jung et al. 2003; Park et al. 2004).

Morphologically focal concave collapse predicts 
a benign lesion, whereas focal acute angled collapse 
suggests malignancy, especially if the posterior 
border of the body is convex. The convex posterior 
vertebral body and the disappearance of the basi-
vertebral vein (Algra et al. 1991) are early signs of 
tumor tissue growing from the vertebral body and 
extending into the epidural space.

Chronic benign fractures show isointense bone 
marrow signal intensity. Fat images show only 
partial replacement of the normal fatty marrow in 
contrast to the complete absence of marrow signal 
intensity typical of pathologic fractures. In-phase 
and opposed-phase MR imaging may also give valu-
able clues as to the nature of the lesion (Disler et al. 
1997; Zampa et al. 2002; Zajick et al. 2005).

Gadolinium enhanced and unenhanced MR im-
ages can be useful in the differentiation of vertebral 
collapses by showing the enhanced convex posterior 
body, epidural mass, and enhancement of the low 
signal intensity T1 lesions (Cuenod et al. 1996).

The use of dynamic contrast enhancement could 
be helpful in suggesting metastases: high peak of en-
hancement is present either in malignant lesions as 

acute benign compression fractures, but not in the 
chronic ones. However, in metastases the dynamic 
pattern is a rapid wash-in with early wash-out.

Moreover, collapses where the major static forces 
apply, with anterior-posterior symmetry, involve-
ment of one discal plate, restricted to the body with-
out posterior wall lesions, spared lateral and poste-
rior elements and gaseous disc degeneration suggest 
a benign lesion.

Some authors postulated that the presence of a 
fl uid spot (fl uid sign) close to the fractured end plate 
should suggest a benign lesion This sign related to 
medullar edema is absent in secondary fractures 
(Baur et al. 2002).

Nevertheless the differential diagnosis between 
benign and malignant vertebral collapses is very 
diffi cult (Vanel et al. 1998). 

The use of diffusion-weighted imaging (Baur 
et al. 2001, 2003), quantitative diffusion imaging 
(Zhou et al. 2002) and ADC values has been sug-
gested to discriminate benign and malignant col-
lapses: a pathologic vertebral compression fracture 
has been reported to be hyperintense to normal bone 
marrow, and benign collapse has shown hypoin-
tense or isointense signal. The theory is based on 
the increased tumor hypercellularity which restricts 
the water movements (Fig. 19.14) (Spuentrup et al. 
2001). However, other authors do not report such re-
sults (Castillo et al. 2000; Maeda et al. 2003). 

Diffusion-weighted imaging is of value in the fol-
low-up after therapy. With successful therapy, the 
bone marrow will return to decreased signal intensity 
on diffusion-weighted images (Byun et al. 2002).
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Introduction

The majority of primary spinal bone tumors are 
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Most benign lesions are asymptomatic; if not, the 
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K E Y - P O I N T S

Extradural spinal tumors

Most frequent group of spine tumors in gen-
eral

Most originate from the vertebrae

Most frequent extradural tumor is metastasis

Primary bone tumors are much less common

Solitary vertebral lesions are less common than 
tumors with multiple locations

Benign lesions are usually

Asymptomatic

Incidental fi ndings

Malignant vertebral tumors

Cause back pain

Sometimes manifest neurologic symptoms, 
especially in children

Diagnosis is based on

Imaging fi ndings
Morphology
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Common benign spinal tumors
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Common malignant spinal tumors
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of the vertebrae. Cross-sectional imaging is required 
to adequately assess and characterize a spinal lesion. 
Magnetic resonance imaging (MRI) is the imaging 
modality of choice for evaluation and subsequent 
follow-up after treatment of most tumors. However, 
computed tomography (CT) is the imaging modality 
of choice in some posterior element lesions.

20.2 
Imaging Strategy

There is a wide variety of lesions that affect the 
spine. It is possible to detect and characterize the 
lesions based on the basis of age, number, position 
in the spine and location in the vertebra. The dif-
ferential diagnosis can be narrowed down by evalu-

ating the imaging fi ndings including morphology, 
density or signal intensity of lesions on CT and MRI, 
as well as enhancement following administration of 
contrast media.

In the fi rst part of this chapter we propose a 
pragmatic and analytical approach to a spinal le-
sion. This should enable the reader to characterize 
lesions with a greater degree of certainty prior to 
biopsy. More importantly, however, better accu-
racy avoids unnecessary intervention and the con-
sequent morbidity and anxiety suffered by patients 
with benign lesions.

20.2.1 

Single/Multiple Lesion(s)

Initially, it is important to determine whether the 
lesion(s) is (are) solitary or multiple. Multiple lesions 
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are most commonly seen in metastases from breast 
and lung in women and prostate and lung in men. 
Multiple lesions are seen in 30% of metastases (Van 

Goethem et al. 2004).
Past or concurrent history of a primary tumor 

is generally available to suggest this diagnosis, but 
may need to be ascertained if the history is absent. 
History from the patient may divulge valuable infor-
mation not mentioned on the request card!

The most common multiple primary spinal tu-
mors are lymphoproliferative lesions such as multi-
ple myeloma and lymphoma (Fig. 20.1; Table 20.1).

The presence of multiple lesions may be noted 
on plain radiography but is more likely to be seen 
on bone scintigraphy or MRI, including whole body 
MRI. However, both plain radiographs and MRI 
may be normal in 20% of cases of multiple myeloma 
(Van Goethem et al. 2004).

Another condition that can rarely present as mul-
tiple lesions is eosinophilic granuloma (EG), which 
needs to be considered in children. Fibrous dyspla-
sia occasionally involves the spine at multiple sites 
(Fig. 20.2). A third of spinal hemangiomas involves 
multiple levels (Fig. 20.3).

Solitary lesions have a wider differential and 
would require meticulous analysis of the imaging 
features to arrive at the correct diagnosis.

20.2.2 

Clinical Information

This is of utmost importance in the evaluation of 
spinal lesions. A good clinical history can augment 
diagnostic confi dence in characterizing a lesion. 

Fig. 20.1a–c. Multiple myeloma. Plain fi lm of the lumbar spine in a patient with multiple myeloma, showing multiple osteo-
lytic lesions and decreased height of several vertebrae (a). MRI demonstrates multiple low signal intensity lesions on T1-WI 
without gadolinium in several thoracic vertebral bodies (b,c)

a b c

Table 20.1. Most common benign and malignant primary spi-
nal bone tumors

Common benign spinal tumors

Hemangioma

Enostosis

Osteochondroma

Osteoid osteoma

Osteoblastoma

Aneurysmal bone cyst

Giant cell tumor 

Eosinophilic granuloma

Common malignant spinal tumors

Solitary Chordoma

Chondrosarcoma

Ewing Sarcoma

Multiple Multiple myeloma

Lymphoma
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Fig. 20.2a,b. Polyostotic fi brous dyspla-
sia. Well-defi ned non-expansile osteolytic 
 lesions with a thin sclerotic rim in several 
lumbar vertebral bodies in a case of spinal 
fi brous dysplasia (a). Sagittal reformatted 
CT in a different case of polyostotic fi brous 
dysplasia (b).

a b

Fig. 20.3a–c. Aggressive vertebral hemangioma extending over sev-
eral levels. CT with multiplanar reconstructions of a sharply defi ned, 
purely osteolytic lesion with involvement of three cervical vertebrae. 
The absence of sclerotic margins is an argument for the aggressive-
ness of the lesion. On pathology a hemangioma without signs of ma-
lignancy was found diagnosed

a

b c
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Fig. 20.4a-c. Non-aggressive (a) and less common aggressive forms 
(b,c) of vertebral hemangioma. The more common non-aggressive 
hemangioma presents as a lesion with uniform thickening of the ver-
tically oriented bony trabeculae in a typical “polka-dot” confi gura-
tion on axial CT (a). The aggressive hemangioma, on the other hand, 
presents with roughly thickened bony trabeculae not only in the ver-
tebral body, but also in the posterior elements (b,c)

a

b c

Multiple lesions in the spine with a known his-
tory of primary lung or breast tumor are most likely 
to be metastases and knowing the history makes 
the diagnosis that much easier. Presence of clinical 
symptoms is related to the type of tumor, its loca-
tion and its extension. In this regard, osteoid os-
teoma, aggressive hemangioma and malignancies 
are mostly symptomatic (Fig. 20.4). History of night 
pain and recent-onset painful scoliosis should alert 
us to search carefully for osteoid osteoma. This con-
dition has a predilection for the posterior elements, 
which is a diffi cult area to assess due to the complex 
anatomy and partial volume effects.

The age of the patient is valuable in the assess-
ment of these lesions. In a young patient, osteoid 
osteoma, aneurysmal bone cyst (ABC) and Ewing’s 
sarcoma predominate, whereas giant cell tumor is 
normally seen in the middle aged and chordoma in 
the elderly.

Tumors that are mostly asymptomatic may oc-
casionally become symptomatic due to associated 
pathology such as a disc herniation.

20.2.3 

Topography

20.2.3.1 

Location

The location of a tumor in the spine is useful in 
determining the nature of the lesion.

The cervical spine is the predilection site for oste-
oblastoma and osteochondroma. It is also commonly 
involved in EG, particularly C2 in adults (Bertram 
et al. 2002).

The thoracic spine is the preferred site in more than 
50% of hemangioma (Fig. 20.5), enostosis (particu-
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Fig. 20.5. Topography of primary tumors of the spine. Tho-
racic aggressive vertebral hemangioma. Aggressive heman-
gioma of the thoracic spine with a bony component and a 
soft tissue component in the posterior epidural space. A to-
tal of 50% of all vertebral hemangiomas are located in the 
thoracic spine

Benign conditions commonly involving the pos-
terior elements are osteoid osteoma, osteoblastoma, 
ABC and osteochondroma (Fig. 20.6b).

Not all lesions stay confi ned to the body or the 
posterior elements and may extend into one or the 
other. Plasmacytoma and multiple myeloma prefer 
the body but tend to spread to the posterior ele-
ments. ABC, in contrast, mainly affects the pedicles 
but may extend into the body (Fig. 20.6c).

The position of a lesion within the body is useful 
in narrowing the diagnosis. Chordoma and Ewing’s 
sarcoma are centrally sited (Fig. 20.7), whereas GCT 
tends to lie eccentrically (Fig. 20.8).

20.2.4 

Morphology

20.2.4.1 

Border

The appearance of the lesion seen in various imag-
ing modalities is useful for characterization.

A well-defi ned border (so-called geographic) is 
seen with benign conditions such as hemangioma, 
enostosis, osteoid osteoma, osteoblastoma and ABC 
(Fig. 20.9).

A permeative appearance with a broad zone of 
transition indicating aggressive biologic activity is 
seen in aggressive hemangioma and malignant tu-
mors such as osteosarcoma, Ewing’s sarcoma and 
metastatic disease (Fig. 20.10).

Periosteal reaction is rarely seen in vertebral le-
sions and is diffi cult to assess. If present, the pos-
sibility of an osteosarcoma should be considered 
(Fig. 20.11).

20.2.4.2 

Matrix

Solid dense cortical bone seen within the spongy bone 
of the vertebral body is characteristic of enostosis 
(Fig. 20.9b). Calcifi cation within a lucent nidus sur-
rounded by extensive reactive sclerosis is a feature 
of osteoid osteoma (Fig. 20.12). Osteoblastoma is his-
tologically similar yet radiologically distinct from 
osteoid osteoma but is expansile and larger than 1.5 
cm in diameter (Fig. 20.13). The matrix also contains 
prominent areas of calcifi cation (Fig. 20.6b).

Ring- and arc-type calcifi cation is typically seen 
in chondroid tissues such as osteochondroma and 
chondrosarcoma (Figs. 20.14 and 20.15). This pat-

larly T1–T7) and chondrosarcoma (Van Goethem et 
al. 2004; Flemming et al. 2000; Murphey et al. 1996). 
ABC also frequently occurs at the thoracic spine but 
most commonly involves the lumbosacral spine.

Enostosis and osteoid osteomas have strong af-
fi nity for the lumbar spine (Ozaki et al. 2002).

Chordoma, giant cell tumor (GCT) and plasmacy-
toma have a penchant for the sacrum. Indeed, GCT 
comprises 71% of benign sacral tumors (Disler and 
Miklic 1999). Ewing’s sarcoma is a rare cause of sac-
ral spine tumor (Ilaslan et al. 2004).

20.2.3.2 

Site

The body of the vertebra is mainly affected by be-
nign conditions such as hemangioma, bone islands 
and GCT (Fig. 20.6a). The vast majority of heman-
giomas is seen in the vertebral body, varying in size 
from very small to complete involvement. However, 
about 10% of hemangiomas may involve the poste-
rior elements. The vertebral body is also favored by 
chordomas and Ewing’s sarcomas. 
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Fig. 20.6a–c. Topography of primary tumors of the spine. Typical 
location of different primary spinal bone tumors: (a) enostosis 
or bone island in the vertebral body, (b) osteoblastoma in the 
posterior elements and (c) aneurysmal bone cyst within the whole 
vertebra

a

b

c

Fig. 20.7a,b. Topography 
of primary tumors of the 
spine. Axial T1-WI (a) be-
fore and sagittal T1-WI (b) 
after gadolinium enhance-
ment. Central position of a 
chordoma with invasion of 
the anterior epidural space 
and characteristic “curtain” 
sign

a b
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Fig. 20.8a–c. Topography of primary tumors of the spine. CT in an ec-
centrically located giant cell tumor of the vertebral body (a). Sagittal 
T1-WI (b) and fat suppressed axial T1-WI after gadolinium enhance-
ment (c) in another case of giant cell tumor of the transverse process 
extending into the spinal canal

a

c

b

tern may also be seen in osteoblastoma and some-
times in chondroid types of chordoma.

20.2.4.3 

Expansile Character

Expansile lesions are seen in ABC (Figs. 20.9a, 
20.16), osteoblastoma (Fig. 20.13) and occasionally 
in aggressive hemangioma. Malignant lesions like 
chordoma, Ewing’s sarcoma and chondrosarcoma 
also demonstrate expansion along with soft tissue 
extension. This feature may also be seen in relatively 
benign conditions such as osteoblastoma and GCT 
(Fig. 20.8).

20.2.4.4 

Soft Tissue Extension

Some of the primary spinal tumors have a proclivity 
for soft tissue extension. It is not only seen with malig-

nant conditions such as Ewing’s sarcoma (Fig. 20.17) 
or chordoma but also in benign lesions like osteoblas-
toma. Occasionally, hemangiomas may be associated 
with an extensive soft tissue component and is then 
referred to as an aggressive hemangioma (Fig. 20.5). 
These lesions tend to be symptomatic.

20.2.5 

Density (Hounsfi eld Units)

The density of the lesion may be helpful for its char-
acterization. Fatty lesions such as lipoma have a low 
density on CT (–50 to –100 HU) (Fig. 20.18). Measur-
ing the density enables differentiation from air (–800 
to –1000), which is occasionally seen in the vertebral 
body and originates from degenerative disc disease. 

Enostosis appears very dense, similar in density 
to cortical bone, lying within the cancellous verte-
bral body.
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20.2.6 

Signal Intensity

Most pathological lesions tend to have low signal 
intensity on T1-weighted images (T1-WI) and high 
signal intensity on T2-weighted images (T2-WI). 
This refl ects the high relaxing value of water on 
long TE sequences. A typical example is the high 
signal intensity on T2-WI of the cartilage cap of an 
exostosis because of the high water content of its 
chondroid tissue (Fig. 20.19).

Hemangioma and EG tend to have increased 
signal intensity on T1-WI indicating the pres-
ence of fat (Fig. 20.20a). Low signal intensity on 
T2-WI is seen in GCT due to high collagen con-
tent, hemosiderin and increased cellularity of the 
lesion (Fig. 20.20b) (Murphey et al. 2001). Bone 
islands demonstrate low signal intensity on all 
MR sequences, as these are basically cortical bone 
(Fig. 20.21).

Contrast enhancement following administration 
of gadolinium chelates can help characterize the tu-
mor. A ring and arc pattern of enhancement is char-
acteristic of a chondroid tumor (Fig. 20.22).

20.2.7 

Pattern of Morphology

There are some morphological patterns seen in the 
spine using various imaging modalities and which 
have a very specifi c differential diagnosis.

Vertebra plana is typical for eosinophilic granu-
loma, though it can sometimes also be noted in other 
tumors such as giant cell tumor (Fig. 20.23). “Honey-
combing” or “corduroy” pattern seen on plain radio-
graph and a “polka-dot” appearance on axial CT sec-
tions is characteristic of hemangioma (Fig. 20.24).

A lucent center (nidus) with variable central min-
eralization surrounded by extensive reactive sclero-

Fig. 20.9a–c. Benign patterns of bone involvement. 
Geographic, osteolytic, well-defi ned and expansile le-
sion in a case of aneurysmal bone cyst (a), geographic, 
osteoblastic, well-defi ned and non-expansile lesion in 
a case of enostosis (b) and geographic, osteolytic and 
well-defi ned pattern in a case of plasmacytoma (c)

a b

c
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Fig. 20.10a–d. Malignant/aggressive patterns of bone destruction. Osteolytic permeative pattern in cases of Ewing 
sarcoma (a), metastatic disease (b) and aggressive hemangioma (c). Geographic, osteoblastic, less well-defi ned and 
non-expansile in a case of osteosarcoma (d)

a

c

b

d

Fig. 20.11. Patterns of bone involvement – periosteal 
reaction. Periosteal reactions are rare in the spine. 
This case with inhomogeneous lytic and sclerotic 
areas and accompanying periosteal reaction proved 
to be an osteosarcoma
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Fig. 20.13. Osteoblastoma. Calcifi ed or ossifi ed matrix in a 
case of osteoblastoma of the cervical spine. The lesion is 
typically located in the posterior elements of the vertebra

Fig. 20.14. Chondrosarcoma. CT myelogram in a case of cer-
vical foraminal chondrosarcoma. Dense ring and arc type of 
calcifi cation of the chondroid matrix of the tumor

Fig. 20.12a,b. Osteoid osteoma. Osteoid os-
teoma of the inferior endplate of L5. T1-WI 
before (a) and after (b) gadolinium enhance-
ment shows a central markedly enhancing 
nidus surrounded by non-enhancing sclerotic 
bone and a less enhancing peripheral zone of 
edema

a b

sis is seen in osteoid osteoma on plain fi lms, CT and 
MRI (Fig. 20.12).

Marked sclerosis with expansion of the whole ver-
tebral body, which is referred to as “ivory vertebra”, 
is seen in lymphoma or Paget’s disease (Fig. 20.25).

Fluid-fl uid levels are characteristically seen in 
ABC due to sedimentation of blood degradation 
products (Fig. 20.16) (Hudson 1984; Beltran et al. 
1986). However, this is not specifi c and may also be 
seen in osteoblastoma and osteosarcoma. Indeed, in 
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Fig. 20.15a–e. Chondrosarcoma of C2 on axial CT (a), sagittal reformatted CT (b) and oblique plain fi lm (c) with 
extensive intraspinal and intraforaminal extension. The associated soft tissue component extending into the 
right neuro foramen is shown on T1-WI before (d) and after (e) gadolinium enhancement

a

b c

d e
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Fig. 20.16a-d. Aneurysmal bone cyst. MRI shows a large expansile lesion of the posterior elements with cystic components 
with high signal on T2-WI (a) and low signal on T1-WI (b). Some of the cystic lesions show fl uid-fl uid levels on T2-WI, typi-
cal for ABC but sometimes also seen in other tumors. Strong enhancement of the non-cystic components after gadolinium 
enhancement (c,d)

a

c

b

d

 secondary cases of ABC, the same may occur in con-
ditions such as osteoblastoma, GCT and fi brous dys-
plasia. A feature that may distinguish primary ABC 
from other causes is the presence of solid tissue in the 
secondary cases. This is not usually seen in primary 
ABC unless there has been a pathological fracture.

A “mini-brain” appearance is seen in plasma-
cytoma mimicking the MR appearance of brain 
(Fig. 20.26) (Major et al. 2000).

A “dumbbell” or “mushroom” shape may be seen 
in chordoma together with preservation of the disc 
space (Fig. 20.27).

The patterns mentioned are useful in characteriz-
ing the lesions but need to be cautiously interpreted, 
taking all other features into account.

The “spider pattern” is an interesting example we 
have observed on CT. This pattern is noted in plas-
macytoma but also in hemangioma (Fig. 20.28).
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Fig. 20.17. Extensive soft tissue extension in a case of Ewing’s 
sarcoma. 

Fig. 20.18. Lipoma of the bony spine. Sharply demarcated 
intravertebral lesion with very typical low density (<0 HU) 
on CT in a case of intravertebral spinal lipoma

Fig. 20.19a,b. Signal intensity patterns on MR: exostosis. Osteo-cartilaginous exostosis (a) with a small cartilaginous cap 
that is bright on T2-WI (b). This enables the thickness of the cartilage cap to be measured

a b

20.3 
Primary Tumors of the Osseous Spine

In general, extradural lesions constitute the most 
frequent group of spine tumors. Most originate 
from the vertebrae. The most frequent extradural 
tumor is metastasis, while primary bone tumors 
are much less common. Solitary vertebral lesions 
are less common than tumors with multiple lo-
cations. Benign lesions are usually asymptomatic, 

incidentals fi ndings, while malignant vertebral 
tumors cause back pain and sometimes manifest 
neurologic symptoms, especially in children. Be-
sides imaging fi ndings, the age of the patient and 
the multiplicity and location of the lesion(s) are 
most important in the differential diagnosis (Van 

Goethem et al. 2004) (Table 20.2).
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Fig. 20.21a,b. Low signal intensity patterns on 
MR: enostosis. Enostosis presenting with low 
signal intensity on all MR sequences. All scle-
rotic (portions of) vertebral tumors present 
with this signal intensity pattern

ba

Fig. 20.20a,b. Infrequent SI-patterns on MR. 
Typically high signal intensity on T1-WI (a) in 
a vertebral hemangioma due to its fatty con-
tents and low signal intensity on T2-WI (b) in 
a sacral giant cell tumor because of high col-
lagen content, hemosiderin and/or increased 
cellularity

a b

20.3.1 

Vertebral Hemangioma

20.3.1.1 

General

The incidence of vertebral hemangiomas increases 
with age, peaking around the fourth to sixth dec-
ades. There are two types of vertebral hemangioma: 
asymptomatic lesions, and aggressive, symptomatic 

types, with compression of the spinal cord (Laredo 
et al. 1986). The symptomatic lesions in particular oc-
cur somewhat more frequently in women. Vertebral 
hemangioma is the most common benign spinal tu-
mor. More than half of all vertebral hemangiomas are 
seen in the thoracic region, one third in the lumbar 
region and the remainder in the cervical and sacral 
region. About one third are multiple. Most occur in 
the vertebral body, but about 10% extend to the pos-
terior elements. Extraosseous lesions are rare (1%).
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Fig. 20.22a–e. Enhancement patterns on MR: chordoma. Two cases of verte-
bral chordoma (a–d and e) with ring and arc enhancement of the chondroid 
matrix

a b

c d

e
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Fig. 20.24a,b. Vertebral hemangioma. A common, non-aggressive and asymptomatic vertebral hemangioma with “honey-
combing” or “jail bar” appearance on plain fi lm (a) and corresponding “polka-dot” sign on CT (b)

a b

Fig. 20.23a-c. Vertebra plana. Two cases of vertebra plana. a,b This C4 vertebra collapsed over an interval of only 2 weeks in a case of 
eosinophilic granuloma. Vertebra plana, however, is also noted in other pathology, as in this case of a thoracic giant cell tumor (c)

a b c

20.3.1.2 

Clinical Presentation

The vast majority of vertebral hemangiomas are dis-
covered incidentally. Sometimes local pain or tender-
ness is present. Symptoms of cord or nerve compres-
sion are rare and are due to tumor extension rather 
than vertebral collapse. Compression fractures are 
unusual because of the thickened trabeculae.

20.3.1.3 

Pathology

Vertebral hemangioma consists of endothelium lined 
vascular structures. They can be of either capillary, 
cavernous or venous origin. Because of destruction 
of some of the bone trabeculae the remainder tends 
to increase in thickness.
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Fig. 20.25a–d. Paget’s disease. Ivory vertebra on plain fi lm (a) and 
CT scan (b) in a case of Paget’s disease. Thickened sclerotic margins 
may lead to a so-called “picture frame” appearance here in a lumbar 
vertebra (c) and the sacrum (d). Note the involvement of all vertebral 
elements

a b

c d

20.3.1.4 

Imaging

The thickened vertical bone trabeculae in verte-
bral hemangioma give rise to its typical “jail bar” 
or “honeycombing” appearance on plain fi lms 
(Figs. 20.4, 20.24). On axial CT this is seen as a 
spotted appearance, known as “polka dot”. On 
MR imaging these lesions are well circumscribed 
and have a typical high signal intensity both on 

T1- and T2-WI. This high signal is caused by a high 
fatty content (Baudrez et al. 2001). Some lesions, 
however, have low signal on T1-WI, and these tend 
to be more aggressive. Hemangiomas show en-
hancement, which is especially noticeable in the 
more aggressive lesions that have a lower signal on 
T1-WI to start with.



  Primary Tumors of the Osseous Spine 493

Fig. 20.26a,b. Plasmacytoma. Typical “mini-brain” appearance of a plasmocytoma of a cervical vertebral body (a) and in 
another case in the sacral spine (b)

a b

Fig. 20.27a–c. Chordoma. Two cases of chordoma of the cervical 
spine. Case 1 (a,b) shows multilevel involvement and a marked in-
homogeneous enhancing soft-tissue component with dumbbell and 
clover leaf-shape. Case 2 (c) demonstrates high signal intensity of the 
soft tissue components on T2-WI. Both cases demonstrate preserved 
intervertebral discs typical of chordoma

a

b c
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Fig. 20.28a–f. CT and histology of different vertebral tumors with “spi-
der-leg appearance. Three patients with a similar appearing osteolytic 
vertebral lesion with central dense bone and extending dense spider-leg 
appearance on CT had a percutaneous biopsy. Lesions (a) and (b) were 
both plasmocytoma, while in the third case (c) pathological examination 
showed the presence of a hemangioma. The pathologic specimens of cases 
(a) and (b) are shown in (d) and (e), respectively, with a typical plasma 
cell with eccentrically located nucleus (e, arrow). Pathology in case (c) 
is shown in image (f) with typical proliferation of medium sized vessels 
(f, arrow). This demonstrates the relative value of pattern recognition in 
medical imaging

a

b

c

d

e

f
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20.3.2 

Plasmacytoma

20.3.2.1 

General

The peak incidence for spinal plasmacytoma is in 
the fi fth to sixth decade. Men are more affected than 
women. Solitary plasmacytoma is an uncommon tu-
mor occurring in 3%–7% of patients with plasma 
cell neoplasms. The lesion is commonly found in 
the axial skeleton (25%–60%). Plasmacytoma is a 
lesion of the vertebral body but involvement of the 
posterior elements is the rule. Often, the lesion is 
present for many years as an isolated lesion but, on 
occasion, multiple plasmacytomas can develop. 

20.3.2.2 

Clinical Presentation

Local or irradiating pain is the most common pre-
senting complaint. Sudden intense pain may be 
caused by acute compression fracture. Radicular or 
cord symptoms occur with compression of neuro-
logic structures, often after vertebral collapse. The 
thoracic spine is the commonest site involved, fol-
lowed by lumbar spine, cervical spine and sacrum 
in descending order. Most patients have an indolent 
course with a median survival rate of 10 years.

20.3.2.3 

Pathology

Plasmacytomas are considered to represent the early 
stages of multiple myeloma, but plasmacytoma can 
precede laboratory evidence of multiple myeloma 
for many years. There are no signs of myeloma cells 
on bone marrow examination.

20.3.2.4 

Imaging

On plain fi lm plasmacytoma presents as a lytic 
and usually expansile bone lesion with thickened 
trabeculae and multicystic appearance (Shah et al. 
2000). Often fractures or even frank collapse exists. 
MR imaging shows a low signal intensity on T1-WI 
and high signal intensity on T2-WI involving the 
entire vertebral body. Diffuse enhancement with in-
travenous contrast medium is the rule, but in some 
cases only peripheral enhancement is noted. Curvi-
linear low-signal-intensity structures on all imaging 

sequences extending partially through the vertebral 
body and resembling sulci seen in the brain, caus-
ing a “mini-brain” appearance on axial images, is 
very typical (Fig. 20.26) (Major et al. 2000). These 
low-signal-intensity structures are likely caused by 
thickened cortical bone caused by the slow growing 
nature of plasmacytoma. This appearance can also 
be seen on CT of plasmacytoma.

20.3.3 

Multiple Myeloma

20.3.3.1 

General

The peak incidence of multiple myeloma is in the 
sixth to seventh decades. The spine and especially 
the vertebral bodies are the most common location, 
frequently with epidural extension. It is the most 
frequent primary malignant tumor of the spine.

20.3.3.2 

Clinical Presentation

Bone pain, usually involving the back or sternum, 
from tumor expansion is the most common present-
ing symptom. Less common presentations of mul-
tiple myeloma include vague symptoms of fatigue, 
weakness or weight loss. Often, however, the disease 
is discovered while the patient is being examined 
for other medical problems. Routine radiographs 
demonstrating bony lesions can be the fi rst sign of 
multiple myeloma.

20.3.3.3 

Pathology

Multiple myeloma is a monoclonal proliferation 
of malignant plasma cells usually affecting bone. 
Monoclonal gammopathies are a premalignant con-
dition of multiple myeloma.

20.3.3.4 

Imaging

The typical imaging fi ndings on conventional ra-
diography and CT include punched out lytic bone 
lesions, diffuse osteopenia, fractures and, rarely, 
osteosclerosis. On MR imaging different signal 
patterns, ranging from normal-appearing bone 
marrow to focal lesions or diffuse bone marrow in-
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Table 20.2. The common primary spinal bone tumors with their salient features

Loca-
tion

Loca-
tion

Clinical 
symptoms

Plain fi lm CT MR

Hemangioma T>L>C VB Asymptom-
atic, occasion-
ally painful

Corduroy or jail bar Polka dot High SI on both T1- 
and T2-WI

Enostosis T>L VB Asymptom-
atic

Cortical bone den-
sity with spiculated 
margin

Same density as 
cortex

Low SI on both T1- 
and T2-WI

Osteochondroma C PE  Continuity of marrow 
and cortex with the 
underlying bone

Continuity of 
marrow and cortex 
with the underlying 
bone. Cartilage cap

Cartilage cap with 
high SI on T2-WI

Osteoid Osteoma L>T>C PE Unrelenting 
pain, worse at 
night; sensi-
tive to aspirin

Radiolucent nidus 
with surrounding 
sclerosis, mineraliza-
tion of nidus

Radiolucent nidus 
with surrounding 
sclerosis, mineraliza-
tion of nidus

Strong enhancement 
of nidus. Surround-
ing low SI.

Osteoblastoma T>L PE  Expansile lesion with 
calcifi ed matrix and 
soft tissue mass; 
>1.5 cm

Expansile lesion with 
calcifi ed matrix and 
soft tissue mass; 
>1.5 cm

Expansile lesion with 
calcifi ed matrix and 
soft tissue mass; 
>1.5 cm

Aneursymal 
Bone Cyst

T>L PE>VB Local pain Expansile multilocu-
lated lesion

Expansile multilocu-
lated lesion. Fluid-
fl uid levels

Cysts with fl uid-fl uid 
levels

Giant Cell Tumor S>C>T VB; 
eccen-
tric 
location

Local pain Expansile lytic lesion 
of vertebral body

Expansile lytic lesion 
of vertebral body

Low SI on T2-WI

Eosinophilic 
Granuloma

T>L>C VB Variable; 
sensitive to 
aspirin

Well defi ned lytic 
lesion, may lead to 
vertebra plana

Well defi ned lytic 
lesion, may lead to 
vertebra plana

Well defi ned lytic 
lesion, may lead 
to vertebra plana. 
Strong enhancement.

Chordoma S VB; 
cen-
trally 
located

Painful Destructive lesion; 
may affect multiple 
vertebrae and extend 
across the discs. 
Amorphous calcifi ca-
tion

Destructive lesion; 
may affect multiple 
vertebrae and extend 
across the discs. 
Amorphous calcifi ca-
tion

Destructive lesion; 
may affect multiple 
vertebrae and extend 
across the discs

Chondrosarcoma T VB Symptomatic  Destructive bone 
lesion with ring and 
arc calcifi cation

Ring and arc 
enhancement

Ewing’s Sarcoma L>S VB Symptomatic Permeative lesion 
with associated soft 
tissue mass

Permeative lesion 
with associated soft 
tissue mass

Permeative lesion 
with associated soft 
tissue mass

Multiple 
Myeloma

T>L VB Local pain Multiple lesions; lytic 
lesions or diffuse 
osteopenia or verte-
bral collapse

Multiple lesions; lytic 
lesions or diffuse 
osteopenia or verte-
bral collapse. “Mini-
brain”

Low SI on T1-WI and 
high SI on T2-WI. 
“Mini-brain”

C, cervical; T, thoracic; L, lumbar; S, sacral; VB, vertebral body; PE, posterior elements; SI, signal intensity
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fi ltration, are seen. On T1-WI, a low signal intensity 
is typically noted (Fig. 20.1), with marked enhance-
ment after the administration of contrast material. 
Even in advanced stages of this disease, up to 20% 
of radiographs and MR examinations can have 
normal fi ndings. Spiral CT allows imaging of the 
entire spine and provides detailed information on 
osseous involvement in multiple myeloma. Espe-
cially in anatomically complex regions like the pel-
vis and the thoracic spine, it is superior to conven-
tional radiography. Compared with conventional 
radiography and MR imaging, spiral CT provides 
more detailed information on the risk of vertebral 
fracture (Lecouvet et al. 1997). For evaluating dif-
fuse bone marrow changes, MR imaging is still the 
imaging modality of choice. Because MR imaging 
of the spine shows normal fi ndings in up to 20% of 
patients with proven bone marrow infi ltration, the 
initial staging of multiple myeloma should include 
MR imaging in combination with spiral CT. 

20.3.4 

Chordoma

20.3.4.1 

General

The peak incidence for chordoma is in the fi fth to 
sixth decades. The average age at presentation is 55 
years (York et al. 1999). Men are more often affected 
than women (2:1). Half of these tumors are found 
in the sacrum, 35% in the clivus and the rest in the 
vertebrae (Smolders et al. 2003).

20.3.4.2 

Clinical Presentation

Local pain is the most frequent presenting symptom. 
Symptoms of spinal cord or nerve root compression 
can occur if they grow large enough.

20.3.4.3 

Pathology

Chordomas arise from remnants of the notochord. 
They are composed of large vacuolated physali-
phorous cells with intervening fi brous septae 
( Crapanzano et al. 2001). A fl uid and gelatinous 
mucoid substance (associated with recent and old 
hemorrhage) and necrotic areas are found within 

the tumor; in some patients, calcifi cation and se-
questered bone fragments are also found. In addi-
tion to conventional chordomas, chondroid chor-
domas are identifi ed by their hyaline cartilage 
content.

Chordomas are malignant tumors that show local 
invasion, and especially vertebral body cases show 
distant metastasis.

20.3.4.4 

Imaging

On plain fi lm bone destruction, often with amor-
phous calcifi cation, is seen. CT can show paraver-
tebral and especially epidural extension (Fig. 20.27) 
(Wippold et al. 1999). Due to the variety of compo-
nents most lesions are heterogeneous on MR imag-
ing. They are iso-intense on T1-WI and hyperintense 
on T2-WI. Enhancement after contrast injection 
varies from little to prominent (Fig. 20.7). Often in-
ternal septations and a low signal surrounding cap-
sule can be seen (Fig. 20.22). Sometimes hemorrhage 
and cyst formation is present. 

20.3.5 

Osteoid Osteoma

20.3.5.1 

General

The peak incidence for osteoid osteoma is in the 
second decade. The average age at presentation is 
17 years. Men are more commonly affected than 
women (2–4:1). It accounts for about 10% of all bone 
tumors involving the spine. An osteoid osteoma is 
a benign lesion that has a unique tendency to af-
fect the posterior part of the vertebra and occurs 
primarily in the pedicle and the posterior elements, 
not in the vertebral body. The lumbar spine is the 
most affected, followed by the cervical, thoracic and 
sacral regions (Ozaki et al. 2002). 

20.3.5.2 

Clinical Presentation

It typically presents as unrelenting pain, clearly 
worse at night, which is extremely sensitive to aspirin 
or non-steroidal anti-infl ammatory drugs  (NSAIDs). 
Not infrequently patients with spinal osteoid osteoma 
have a painful scoliosis (Saifuddin et al. 1998).
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20.3.5.3 

Pathology

Osteoid osteoma has a central nidus of vascular fi -
brous connective tissue with a surrounding osteoid 
matrix. Multinucleated giant cells and osteoclasts 
are frequently observed. They are surrounded by 
bone sclerosis. Lesions larger than 1.5 cm are usu-
ally categorized as osteoblastoma.

20.3.5.4 

Imaging

Plain fi lm shows a lucent nidus, frequently with a 
small cental calcifi cation. Surrounding the nidus is 
variable bone sclerosis. Bone scintigraphy is highly 
sensitive for osteoid osteoma. Especially when there 
is extensive bone sclerosis the nidus is much easier 
to distinguish on CT (Youssef et al. 1996). On MR 
imaging calcifi cations and bone sclerosis have a low 
signal both on T1- and T2-WI. The non-calcifi ed 
portion of the nidus has high signal on T2-WI. After 
contrast administration intense enhancement of the 
nidus is seen (Fig. 20.12). Sometimes adjacent bone 
marrow and soft tissue changes are seen.

20.3.6 

Osteoblastoma

Osteoblastomas are related to osteoid osteomas and, 
by defi nition, are larger than 1.5 cm in diameter 
(Fig. 20.13). They also have the tendency to affect 
the posterior part of the spine and present with pain 
(Fig. 20.6b). Osteoblastomas can be more aggressive 
than osteoid osteomas and more often require surgi-
cal resection. The recurrence rate is about 10%, which 
is also higher than that seen with osteoid osteomas.

20.3.7 

Aneurysmal Bone Cyst

20.3.7.1 

General

The peak incidence for ABC is in adolescence, and 
80% occur before the age of 20. Women are some-
what more affected than men. The lumbosacral 
spine is the most affected and the tumor may affect 
the posterior elements of the spine or expand to the 
pedicles and the vertebral body itself.

20.3.7.2 

Clinical Presentation

These tumors may present with pain and in some 
cases, fractures and cord or nerve root compression 
with neurological symptoms.

20.3.7.3 

Pathology

ABCs are benign tumors of unknown etiology. In al-
most half of all cases they are associated with a pre-
existing bone lesion. They are large, expansile and 
multiloculated lesions with high vascularization.

20.3.7.4 

Imaging

Plain fi lm shows an expansile, osteolytic lesion with 
thin surrounding cortical bone. CT and MR im-
aging typically show a multiloculated lesion with 
fl uid-fl uid levels (Fig. 20.16). Sometimes internal 
septations and lobulations are present. MR imaging 
demonstrates blood degradation products.

20.3.8 

Giant Cell Tumor

20.3.8.1 

General

The peak incidence for giant cell tumor is in the third 
through fi fth decades. There is no sex predilection, 
but there is a female preponderance in spinal giant 
cell tumors, which are seen in particular in the sac-
rum, but are rare in other spinal locations. It is the 
most frequent benign tumor of the sacrum. It tends 
to affect the vertebral body (front of the spine).

20.3.8.2 

Clinical Presentation

Giant cell tumors present with local pain. Neuro-
logic complications are not uncommon.

20.3.8.3 

Pathology

Despite being technically “benign”, they can be very 
aggressive and sometimes spread elsewhere. They 
extend to the cortex, but usually do not transgress 
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the periosteum. Giant cell tumors contain mono-
cytes, macrophages and multinucleated giant cells. 
On pathologic examination they are indistinguish-
able from brown tumors and may resemble chond-
roblastoma, chondromyxoid fi broma, ABC and os-
teosarcoma. Incomplete removal of a vertebral giant 
cell tumor can lead to possible malignant transfor-
mation, seen in about 10% of cases.

20.3.8.4 

Imaging

Plain fi lms show a lytic and expansile spinal lesion, 
typically in the sacrum. MR imaging demonstrates 
an inhomogeneous multiloculated cystic mass 
(Fig. 20.8). They may show low SI on T2-WI since 
they frequently contain blood degradation products 
and/or have a high cellularity.

20.3.9 

Eosinophilic Granuloma

20.3.9.1 

General

The peak incidence for eosinophilic granuloma of 
the spine is in the fi rst decade. There is a clear male 
predilection. Eosinophilic granuloma is one of the 
presenting forms of Langerhans cell histiocytosis. 
Lesions may be single or multiple. Most lesions are 
seen in the cervical spine, especially mid-cervical in 
children and at C2 in adults (Bertram et al. 2002).

20.3.9.2 

Clinical Presentation

Eosinophilic granuloma has a highly variable clini-
cal presentation ranging from non-existent to very 
painful, sometimes worsening at night and sensi-
tive to NSAIDs. The presenting symptoms of cer-
vical eosinophilic granuloma are usually pain and 
restricted range of motion. Sometimes scoliosis is 
the presenting symptom. In contrast to eosinophilic 
granuloma of the thoracic spine and lumbar spine, 
the neurologic symptoms are less frequent.

20.3.9.3 

Pathology

Eosinophilic granuloma is a benign nonneoplas-
tic disorder with unknown etiology. They tend to 

evolve from small cystic and hemorrhagic to larger 
fatty and fi brous lesions. Initially they contain many 
eosinophils and lymphocytes.

20.3.9.4 

Imaging

Plain fi lm shows a lytic lesion with sharp borders. It 
is a classic cause of a single collapsed vertebral body 
(vertebra plana) (Fig. 20.23). Nevertheless, “vertebra 
plana” is a rare sign in cervical eosinophilic granu-
loma. On MR imaging it has a high signal on T2-WI 
and a variable signal on T1-WI (De Schepper et al. 
1993). It enhances strongly with gadolinium. When 
the vertebral body is involved it is usually affected 
in its entirety.

20.4 
Relative Merit of CT and MRI

MRI is the method of choice for imaging the ma-
jority of spinal tumors as it has superior soft tissue 
characterization and multiplanar capability. It can 
also delineate the extent of neurological compro-
mise. However, it is limited by poor imaging of cal-
cifi cation and cortical bone.

CT, on the other hand, has superior ability to de-
tect tiny specks of calcifi cation and subtle cortical 
bone lesions. With the advent of multi-slice CT, im-
aging has become much quicker with virtually the 
same multi-planar capability as MR.

CT has the advantage of being able to detect small 
lesions in the posterior elements which have a com-
plex anatomy and may be diffi cult to discern on MRI. 
Thus, CT is the imaging modality of choice in con-
ditions such as osteoid osteoma, osteoblastoma and 
osteochondroma (Flemming et al. 2000; Youssef et 
al. 1996). It plays a very useful role in terms of guid-
ance in biopsy of lesions and in therapeutic ablation 
of tumors such as osteoid osteoma.
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21.2 
Normal Bone Marrow

The normal bone marrow contains a variable amount 
of yellow and red marrow, depending on age and on 
signifi cant interindividual variations within the same 
age group (Vogler and Murphy 1988; Ricci et al. 
1990; Sze et al. 1991). In adulthood, red marrow can 
be found in the axial skeleton and in the proximal 
femora and humeri. Red marrow is characterized by 
the presence of hematopoietic cells (60%), while yel-
low marrow consists of 95% adipocytes. Both marrow 
types contain fat but the amount of fat is twice as high 
in yellow marrow. Red marrow contains about three 
times more water than yellow marrow. 

Although X-ray and CT still play a role in the 
work-up of the patient with a suspected bone mar-
row disorder, magnetic resonance imaging (MRI) 
is the preferred technique whenever neurological 
symptoms occur, in order to visualize the spinal cord 
and/or nerve root compression. Because of the differ-
ent fat/water ratios in yellow and red marrow, MRI is 
an exquisite technique to visualize the bone marrow. 
MRI is less sensitive to cortical and trabecular bone 
changes and should therefore be considered as a com-
plementary examination compared to X-ray or CT.

In normal physiological circumstances there is 
a progressive conversion of red marrow into yellow 
marrow. MRI can be used as a guide to follow this 
conversion but it should be mentioned that there is 
an overestimation of the fat content (Moore and 
 Dawson 1990). At birth, bone marrow is predomi-
nantly red marrow, involved in the production of red 
cells, white cells and platelets (Fig. 21.1). The adult 
marrow distribution is reached by the age of 25 years. 
The marrow conversion continues during adulthood 
but slower than during the fi rst two decades. On the 
other hand, red marrow will appear different with 
increasing age, refl ecting the increasing amount of 
fat. The red marrow distribution is symmetrical and 
is often located near the end plates.

21.1 
Introduction

The normal bone marrow and its physiological con-
version from the newborn to the elderly will be re-
viewed.

Although bone marrow alterations can be ob-
served in many vertebral disorders, only intrinsic 
haematological bone marrow disorders will be dealt 
with in this chapter. Vertebral metastases and in-
fectious vertebral pathology are discussed in Chap-
ters 19 and 22.

Although in most of the diseases that will be dis-
cussed here, extraspinal bone involvement can be 
observed, this falls outside the scope of this chapter. 
However, it should be emphasized that a systematic 
assessment of the pelvic bone marrow is strongly 
recommended (Vande Berg et al. 1996).
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K E Y - P O I N T S

Normal bone marrow:

Variable amount of yellow marrow (95% adi-
pocytes) and red marrow (60% hematopoietic 
cells), depending on the age of the patient

Progressive conversion of red marrow into 
yellow marrow

Benign bone marrow hyperplasia:

Signal corresponds to red marrow on all 
sequences

Observed in obesity, athletes and heavy 
smokers

Seen in association with chronic anemia, 
chronic infection or treatment

SI on T2-weighted images is usually less 
pronounced

Gadolinium-enhancement is absent

Imaging:

X-ray and CT: cortical and trabecular bone 
changes

MRI: exquisite technique to visualize the 
bone marrow

preferred imaging sequences
T1-weighted SE images (pre- and post-
contrast)
STIR images
opposed-phase GRE images

“whole-body MRI” approach 
imaging abnormalities are non-specifi c

neoplastic
non-neoplastic (infectious disease, bone 
marrow hyperplasia)

Multiple myeloma (morbus Kahler)

Role of spinal imaging:

Detection of bone marrow infi ltration (MRI) 
and bone resorption (X-ray/CT)

focal mass lesion
diffuse disease

Depicting vertebral compression fractures 
(MRI and CT)

Assessing spinal cord compression/CNS in-
volvement (MRI with gadolinium)

Assessing the response to therapy
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Bone marrow infi ltration

MRI may be normal

Focal involvement
focal lesions with low signal on T1-weighted 
images, sometimes surrounded by a halo on 
T2-weighted images (active disease)
“salt and pepper” pattern: multiple tiny foci 
of low signal on T1-weighted images, inter-
mediate to high signal on fat-suppressed 
T2-weighted images, enhancement on post-
contrast images

Diffuse involvement
decreased signal on T1-weighted images
"bright disc" sign

Staging (MRI added to clinical staging 
system of Durie and Salmon)

Vertebral compression fractures

Due to bone marrow involvement and bone 
resorption 

In up to 70% of MM patients

> 60% Of the vertebral fractures are benign
partial preservation of normal marrow
only displacement of the posterior wall
no involvement of the pedicles
no soft-tissue component

Leptomeningeal spread

Very rare (1%)

MR fi ndings resemble those of leptomenin-
geal metastases or pial involvement by 
lymphoma

Follow-up

Value of MRI seems limited
T1-weighted images before and after Gd 
injection better than T2-weighted images
role of iron-oxide based contrast agents?
post-treatment changes

response to treatment
decrease or disappearance of the focal le-
sions or diffuse disease

decrease of contrast enhancement
reappearance of fatty marrow
treatment-related changes

myelofi brosis
amyloidosis

FDG-PET
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Lymphoma

Bone marrow involvement is uncommon at 
diagnosis

Hodgkin: 10%–15% of marrow infi ltration in 
relapses

MRI better than bone marrow biopsy

Non-Hodgkin: detection on MRI depends on 
the histological subtype

low-grade lymphoma:
rather diffuse bone marrow involvement
biopsy is warranted
often associated with normal MRI fi ndings 
(follicular or paratrabecular)

intermediate and high-grade lymphoma: 
focal marrow lesions
MRI plays a more important role

Primary leptomeningeal lymphoma:

Without vertebral abnormalities is extremely 
rare

Arise from lymphocytes in the vicinity of the 
meninges

Diffuse enhancement of the nerve roots; 
nodular lesions along the cauda equina

Primary spinal epidural lymphoma:

Slightly more common than the leptomenin-
geal subtype

Mechanism: epidural extension from adja-
cent vertebral lesions versus haematogenous 
spread

Differential diagnosis with metastases
infi ltrative growth through the foramen is 
typical for lymphoma
epidural masses are more common in lym-
phoma than in metastases
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Leukaemia

Diffuse decrease of the bone marrow signal on 
T1-weighted images

Signal intensity may correlate with the aggres-
siveness in CLL

However, MR fi ndings may be normal

Langerhans cell histiocytosis 
(histiocytosis X)

Preservation of the disc space

An associated epidural soft tissue mass may be 
present. Differentiating haematological malig-
nancies from metastases

Lymphoproliferative disorders
diffuse involvement
predilection for the posterior elements
“wrap-around” sign: paravertebral soft tis-
sue mass, not affecting the shape or contour 
of the bone

typical for lymphoma
never observed in myeloma

Metastases
(multi)focal involvement
involvement of the anterior vertebral ele-
ments
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The signal of red marrow on T1-weighted spin-
echo images is higher than the signal of muscle or 
intervertebral disc, but lower than the signal of yel-
low marrow. 

On T1-weighted spin-echo images, four main pat-
terns of marrow distribution are identifi ed through-
out the spine according to age (Ricci et al. 1990). In 
young adults, high signal can be seen in the region 
of the basivertebral vein (Fig. 21.2). After 30 years of 
age, bandlike or triangular regions can be identifi ed 
near the endplates, possibly to some extent related to 
degenerative changes (Fig. 21.2). Two other patterns 
that can be observed consisting of numerous dots 

of only a few millimeters and larger areas of 0.5–1.5 
cm (Fig. 21.2).

Benign bone marrow hyperplasia has been ob-
served in obesity, athletes and heavy smokers. In 
these cases, the marrow signal should correspond to 
red marrow on all sequences. Differences have been 
demonstrated between male professional cyclists and 
male volunteers on spin-echo T1-weighted sequences 
(Altehoefer et al. 2002). There was only a border-
line correlation with hematocrit and not with hemo-
globin, erythrocyte or reticulocyte count. Red mar-
row hyperplasia can also be seen in association with 
chronic anemia, chronic infection or treatment.
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ba c

Fig. 21.1a–c. Sagittal T1-weighted SE images in a neonate (a), a 1-year-old boy (b) and a 14-year-old girl (c). Note the pre-
dominantly hematopoietic red marrow in the newborn (a) and the progressive conversion to yellow marrow (b,c). In the 
1-year-old boy red marrow is seen at the endplates (b, arrows)

dba c

Fig. 21.2a-d. Sagittal T1-weighted SE images in a 28-year-old (a), a 41-year-old (b), a 50-year-old (c) and a 74-year-old (d) 
volunteer. A rather low bone marrow signal is seen in the younger volunteer, except for a linear area of high signal superior 
and inferior to the basivertebral vein (b, arrow). With increasing age, areas of linear or triangular hyperintensity become 
visible near the end plates and at the corners of the vertebral body (c, arrow). In addition, focal areas, ranging in size from 
0.5 to 1.5 cm, and/or small dots measuring a few millimeters can be seen (d, arrow)



  Spinal Bone Marrow Disorders 507

Bone marrow reconversion depends on numer-
ous factors and the extent depends on the severity 
and duration of the stimulus (Weinreb 1990). The 
spine is affected fi rst.

21.3 
Imaging Approach

T1-weighted spin-echo images are recommended 
when the bone marrow is studied. Additional se-
quences are usually necessary, particularly when the 
signal of the red marrow is decreased, e.g. in infants 
or in adults with spontaneous or treatment-induced 
red marrow hyperplasia. Short tau inversion recov-
ery (STIR) images are therefore routinely obtained 
in the study of the bone marrow (disorders). This 
technique, where an inversion time is chosen to 
cancel the signal of fat, yields T2-weighted images 
with fat suppression. Alternatively, one may choose 
opposed-phase gradient-echo images. By choosing 
an echo-time resulting in different phases of fat and 
water protons, the red marrow (containing equal 
amounts of fat and water) will return a low signal on 
the opposed-phase images compared to the in-phase 
images where yellow and red marrow cannot be dif-
ferentiated. Bone marrow infi ltration will behave in 
a similar way on in-phase and opposed-phase im-
ages (Seiderer et al. 1999). 

T2-weighted fast spin-echo images are less useful 
in analyzing bone marrow disorders but are usually 
obtained to evaluate possible spinal cord compres-
sion and to exclude spinal cord pathology.

Following the injection of gadolinium chelates, the 
limited signal increase of normal bone marrow is less 
than 10% and is often barely or not visible. In bone 
marrow infi ltration there will be a signifi cant increase. 
Precontrast images are always necessary because the 
pathological enhancement may return a signal simi-
lar to that of the uninvolved yellow marrow. The main 
reason for obtaining gadolinium-enhanced images is 
the demonstration of intraspinal abnormalities.

Diffusion-weighted MR imaging has been success-
fully applied in differentiating benign osteoporotic 
fractures from malignant fractures and in assessing 
response to radiation and/or chemotherapy (Baur 
et al. 1998; Park et al. 2004). Malignant vertebral 
compression fractures return a high signal on diffu-
sion-weighted MR images while benign compression 
fractures remain hypointense. This statement should 

be handled with caution because it has been dem-
onstrated that vertebral metastases can return a low 
signal on diffusion-weighted images (Castillo et al. 
2002). Diffusion-weighted images have been used to 
monitor the response to therapy (Byun et al. 2002). 
The authors found a decrease in the signal of metasta-
ses as early as 1 month after successful therapy.

Iron-oxide-based MR contrast agents have been 
administered in patients with malignancies of the 
hematopoietic system. Superparamagnetic iron ox-
ides are taken up by the reticuloendothelial system in 
the red marrow, but not by neoplastic bone marrow 
(Daldrup-Link et al. 2002). The authors have used T1- 
and T2-weighted turbo spin-echo and STIR images, 
the latter being the best sequence for demonstrating 
signal changes after iron oxide administration.

More recently, dynamic contrast-enhanced MRI has 
been used in the hope of solving some of the remaining 
uncertainties in the analysis of the bone marrow. The 
authors have used a turbo FLASH T1-weighted tech-
nique and have shown that the maximum enhance-
ment occurs within 1 min (Montazel et al. 2003). 
Differences were noted with increasing age and fat 
content. The maximum percentage of enhancement 
was higher in patients younger than 40 years. These 
high values in young patients probably correlate with 
the presence of hematopoietic bone marrow.

These authors have used the same technique to 
demonstrate that the maximum enhancement in-
creased with the degree of bone marrow involvement 
refl ecting angiogenesis in lymphoproliferative disor-
ders (Scherer et al. 2002; Rahmouni et al. 2003).

Although bone marrow disorders of the spine are 
the main focus of this chapter, the “whole-body MRI” 
approach merits mention (Laffan et al. 2004). In 
this technique one sequence, usually a coronal STIR 
sequence, is repeated between two and four times 
(each 14–16 slices) to cover the head, neck, thorax, 
abdomen, pelvis, femora, tibiae and fi bulae with a 
slice thickness that varies from 4 to 6 mm according 
to the region that was examined. In children with 
a suspected bone marrow disorder, this technique 
may prove to be a useful additional tool.

21.4 
Bone Marrow Infi ltration

Bone marrow lesions are not specifi c and can be seen 
in non-neoplastic as well as in neoplastic disorders. 
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The distribution of the lesions correlates with the 
hematopoietic marrow. 

21.4.1 

Multiple Myeloma

Multiple myeloma or morbus Kahler is characterized 
by a proliferation of plasma cells of B-lymphocyte 
origin, which produce monoclonal immunoglobu-
lin. Monoclonal gammopathies are a premalignant 
condition of multiple myeloma. As a result of this 
infi ltration and the bone resorption, abnormalities 
may be detected on X-rays or CT (Fig. 21.3). The 
appropriate therapy depends on the disease activ-
ity and may vary from alkylating agents and pred-
nisone to high-dose chemotherapy, bone marrow 
transplantation and thalidomide therapy (Barlogie 
2001; Kyle 2001). High-dose chemotherapy appears 
to be superior over conventional chemotherapy and 
bisphosphonates are frequently associated because 
of their anti-osteoclastic action (leading to fewer 
vertebral fractures). Thalidomide with its anti-an-
giogenetic activity has been shown to improve out-
comes. Recently, a consensus report was published 

on the guidelines for treating myeloma (Durie et al. 
2003). These consensus guidelines are largely based 
on the guidelines that have been compiled by the 
Guidelines Working Group of the UK Myeloma Fo-
rum (UK Myeloma Forum 2001).

The main role of imaging consists of: (1) detect-
ing an expansile focal mass or diffuse disease, (2) 
depicting vertebral compression fractures, (3) as-
sessing spinal cord compression and (4) assessing 
the response to therapy.

On MRI, the abnormalities are usually seen in the 
vertebrae, the proximal femur and humerus, corre-
sponding to the adult areas of the red marrow dis-
tribution. This can be explained by the vascularity 
of red marrow. MRI of the pelvis is recommended in 
the diagnostic work-up (Fig. 21.4).

Three MRI patterns have been described: (1) nor-
mal (up to 20% of patients with stage III multiple 
myeloma), (2) focal involvement and (3) diffuse in-
volvement (Vande Berg et al. 1998). Typically the 
bone marrow infi ltration is characterized by a de-
creased signal (compared to the intervertebral disc) 
on spin-echo T1-weighted images. This has been 
called the “bright disc sign” (Castillo et al. 1990). 
The focal lesions may be surrounded by a halo on 
T2-weighted images corresponding to active disease 
(Schweitzer et al. 1993).

The so-called “salt and pepper” pattern consists 
of multiple tiny foci of low signal on T1-weighted 
spin-echo images with enhancement on postcon-
trast images (Moulopoulos et al. 1997) (Fig. 21.5). 
On the fat-suppression T2-weighted images there is 
intermediate to high signal.

The diffuse involvement carries the worst prog-
nosis while the “salt and pepper” and the “normal” 
MR pattern have a signifi cantly better outcome.

The bone marrow involvement and bone resorp-
tion lead to osteoporosis and an increased risk of 
vertebral fractures in patients with multiple my-
eloma (Fig. 21.6). Vertebral fractures occur in up to 
70% of the patients with multiple myeloma (Lecou-

vet et al 1997a). The differential diagnosis between 
benign and malignant vertebral fractures will be 
discussed in Chap. 10. More than 60% of the verte-
bral fractures in multiple myeloma are benign and 
are characterized by the partial preservation of 
normal marrow, the displacement of the posterior 
wall usually without involvement of the pedicles 
and without soft-tissue component (Fig. 21.7). This 
is thought to be due to osteoclast activating factors 
that may play a role in addition to the marrow infi l-
tration ( Moulopoulos et al. 1992).

Fig. 21.3. Sagittal reformatted spiral CT in a 57-year-old pa-
tient with M. Kahler, treated with thalidomide. Note the dif-
fuse osteolytic areas and the thinning of the cortex in several 
vertebral bodies. A collapse of vertebral body L1 is seen with 
near disappearance of the posterior wall
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Leptomeningeal spread of multiple myeloma 
within the central nervous system occurs in ap-
proximately 1% of the patients (Fassas et al. 2002). 
The MR fi ndings resemble those of leptomeningeal 
metastases or pial involvement by lymphoma (Fig. 
21.8). It is of interest to note that this manifestation 
of multiple myeloma seems to be associated with 
chromosome 13 deletion, plasmablastic cells on 
histology, other extramedullary sites of disease and 
plasma cell leukemia (Fassas et al. 2002).

MRI does not only play a role in the diagnostic 
work-up of a suspected multiple myeloma patient 
but also has a prognostic value. Recently, MRI has 
been added as a supplement to the clinical staging 
system of Durie and Salmon (Durie and Salmon 

1975; Baur et al. 2002). That clinical staging system 
is based on the detection of a monoclonal M protein 
in serum and urine (and serum hemoglobin and 
calcium), the presence of bone lesions on X-ray and 
renal function. Patients with lytic lesions on X-ray 
correspond to stage III multiple myeloma. Patients 
with more than ten focal lesions or with diffuse 
bone marrow involvement are considered stage III 
patients and at are a higher risk for vertebral frac-
tures (Lecouvet et al 1997b; Baur et al 2002). The 
use of a dynamic contrast material-enhanced turbo 
FLASH T1-weighted technique has been successfully 
applied in a limited number of patients to differen-
tiate vertebrae that fracture during follow-up from 
those that do not (Scherer et al. 2002). These are 

Fig. 21.4a–d. Sagittal STIR (a), T1-weighted SE (b), Gd-en-
hanced T1-weighted SE (c) and coronal STIR (d) images of 
a 43-year-old patient with multiple myeloma. A low sig-
nal is seen in the bone marrow leading to a “bright disc” 
sign and a moderate homogeneous enhancement can be 
observed (b,c). Multiple  foci can be  recognized in  the 
sacrum  and  ilium  (d, arrowheads). The patient was admit-
ted with a left-sided sacroiliitis

a b c

d
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Fig. 21.6a,b. Sagittal STIR images of a 70-year-old patient with multiple myeloma before 
treatment (a) and 7 months after treatment with chemotherapy (b). The collapse of ver-
tebral body Th 10 is seen and a focal lesion is clearly visible in vertebral body Th 3 (a, 
arrows). Despite treatment there was a progression of the disease with involvement of 
vertebral body Th 9 and further collapse of Th 10 (b)a

b

Fig. 21.5a–d. Sagittal T2-weighted TSE (a), STIR (b), T1-weighted SE (c) and Gd-enhanced T1-weighted SE (d) of a 73-year-old 
patient with multiple myeloma. The bone marrow appears heterogeneous with multiple tiny focal areas of low signal which 
enhance following the administration of Gd (c,d). This is characteristic of the so-called “salt and pepper” pattern. Note the 
recent collapse of vertebral body C6 (b, arrow)

b da c
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Fig. 21.7a–c. Ṡagittal STIR (a), T1-weighted SE (b) and axial Gd-enhanced T1-weighted SE (c) images in a 60-year-old patient 
with multiple myeloma. There is bone marrow infi ltration at the level C4–C6 with collapse of the vertebral body C5, result-
ing in spinal cord compression (a, arrowheads). On the axial image the extent of the paraspinal and epidural component is 
clearly visible (c, arrowheads)

ba c

Fig. 21.8a–d. Sagittal T1-weighted SE (a,b) and Gd-enhanced T1-weighted SE (c,d) in a 48-year-old patient with multiple 
myeloma. Note the collapse of vertebral body Th 10 and to a lesser extent Th 5 and the presence of both an epidural mass (a, 
black arrowhead) and enhancing pial lesions along the cauda equina (c, white arrowheads). These lesions have disappeared 
following autologous bone marrow transplantation and radiotherapy (b,d)

b

d

c

a b c d
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preliminary but hopeful results. Patients without 
MR changes are considered stage I patients. Patients 
with stage I disease and bone marrow abnormali-
ties on MR show a more progressive disease (Vande 
Berg et al. 1996). The remainder of the patients are 
stage II. A tumour mass index on MRI correlates 
plasma cell percentage and serum beta-2 microglob-
ulin levels (Carlson et al. 1995). In a series of 77 pa-
tients it was shown that without taking into account 
the MR fi ndings, about one third of the patients are 
understaged (Baur et al. 2002).

A radiological classifi cation and grading of the 
bone marrow changes has been proposed (Laroche 
et al. 1996; Mahnken et al. 2002). Multidetector 
CT using thin-collimation protocols proved par-
ticularly useful for assessing the thoracic spine. Dif-
fuse osteopenic bone is considered grade 1, lacunae 
> 5 mm grade 2 and nodular lesions grade 3a or, if 
fractured, grade 3b.

Patients with a solitary bone lesion without sys-
temic involvement and with limited serum and bi-
opsy changes may benefi t from an MR screening 
of the spine and pelvis. Most of these patients will 
develop morbus Kahler and the detection of abnor-
malities in these patients is correlated with an ear-
lier development of systemic disease. The detection 
of additional bone marrow lesions is associated with 
a poor response to the therapy.

Posttreatment changes may vary from unchanged 
appearance to decreasing size of the lesions and of 
the enhancement. Response to treatment has been 
found to correlate with a decrease or disappearance 
of the focal lesions or diffuse disease (Lecouvet et 
al. 2001) (Fig. 21.9). The reappearance of fatty mar-
row can also be observed (Fig. 21.10). Myelofi brosis 
or amyloidosis can develop secondary to the treat-
ment. The latter consists of focal areas of low sig-
nal in the bone marrow while myelofi brosis can be 
recognized as a diffuse conversion of the bone mar-
row with low signal on both T1-weighted images and 
STIR images.

Until now the value of MRI in the follow-up after 
treatment is limited. T2-weighted images have been 
considered less useful because lesions remained 
hyperintense even in good and partial respond-
ers. This has been related to necrotic changes. Un-
til now it is accepted that the T1-weighted images 
before and after administration of contrast are 
the best way of demonstrating the effect of treat-
ment, although there is no proof of its clinical 
value. There have been attempts to assess the prog-
nostic signifi cance of MRI before and after bone 

marrow transplantation but without clear conclu-
sions (Figs. 21.6, 21.8 and 21.9) (Agren et al 1998; 
Lecouvet et al. 2001). With the introduction of 
new high-dose chemotherapeutic agents and new 
angiogenesis drugs, which induce a reconversion 
of the yellow marrow with increase in cellularity, 
it has become more diffi cult to differentiate bone 
marrow reconversion from cellular infi ltration. 
One of the interesting paths to solve this problem 
is the administration of iron-oxide based contrast 
agents. The reconverted bone marrow will take up 
the iron oxides while tumorous marrow infi ltration 
will not (Daldrup-Link et al. 2002).

On the other hand, positron emission tomography 
with fl uorodeoxyglucose (FDG-PET) has been found 
useful in the detection of recurrent (extra)medullary 
disease in patients with normal routine imaging 
fi ndings (Schirrmeister et al. 2002).

Some attention should be paid to monoclonal 
gammopathy of uncertain signifi cance (MGUS). 
This is usually an incidental fi nding but the disease 
can evolve to multiple myeloma, chronic lympho-
cytic leukemia or lymphoma in 11%–24% of the pa-
tients (Fig. 21.9) (Bellaiche et al. 1997). In a series 
of patients with MGUS, abnormalities were found on 
MR in 20% of the cases (Vande Berg et al. 1997). 
Treatment was required within 5 years of diagnosis 
in 55% of the patients with MR changes, but not in 
the patients without MR changes.

21.4.2 

Malignant Lymphoma

Involvement of the bone marrow is uncommon at 
diagnosis, but Hodgkin’s disease is associated with 
10%–15% of marrow infi ltration in relapses (Smith 
et al. 1991). The involvement is detected more often 
with MRI than with bone marrow biopsy (Varan 
et al. 1999). The value of a bone marrow biopsy is 
controversial in Hodgkin’s disease and only a small 
proportion of the patients have positive bone mar-
row aspirates in the early stages (Sandrasegaran 
et al. 1994).

The detection of non-Hodgkin lymphoma on 
MRI depends on the histological subtype, which 
will determine therapy and prognosis. Low-grade 
lymphoma can remain undetectable partly due to 
the rather diffuse bone marrow involvement. In 
these patients a biopsy is warranted. The follicular 
or paratrabecular low-grade lymphoma is often as-
sociated with normal MR fi ndings.
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Intermediate and high-grade lymphoma present 
as focal marrow lesions and hence MRI plays a more 
important role in the diagnostic work-up (Fig. 21.11).

Primary leptomeningeal lymphoma without 
vertebral abnormality is extremely rare (Fig. 21.12) 
(Carlson et al. 2003). This subtype is thought to 
arise from lymphocytes that can be found in the vi-
cinity of the meninges. Usually diffuse enhancement 
of the nerve roots can be observed although occa-
sionally nodular lesions can be seen along the cauda 
equina. The recognition of the MR abnormalities 
in the adequate clinical context may aid in a rapid 
diagnosis. Early treatment with corticosteroids and 
irradiation with/without intrathecal chemotherapy 
is the treatment that has been suggested. Although 
there have been reports on successful treatments, 
prognosis is usually poor with a median survival 
time of 8 months.

Primary spinal epidural lymphoma is slightly 
more common than the leptomeningeal subtype 
(Boukobza et al. 1996). In this subtype both epi-
dural extension from adjacent vertebral lesions and 
haematogenous spread have been put forward as pos-
sible mechanisms. The infi ltrative growth through 
the foramen is typical of lymphoma and can be used 
in the differential diagnosis with metastases. Epidu-
ral masses are more common in lymphoma than in 
metastases.

Fig. 21.9a–c. Sagittal T1-weighted SE (a) and STIR (b,c) images in an 80-year-old patient with 
monoclonal gammopathy of unknown signifi cance. Several focal bone marrow lesions can be 
recognized (a,b, arrowheads). Note the disappearance of the lesions following treatment (c)

Fig. 21.10. Sagittal T1-weighted SE images in a 45-year-old 
patient who underwent radiotherapy of the lower abdominal 
region. Note the fatty replacement of the bone marrow in the 
lower lumbar spine

a b c
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Fig. 21.11a–c. Sagittal STIR (a), T1-weighted SE (b) and Gd-enhanced T1-weighted SE (c) images in a 40-year-old patient 
with an anaplastic cutaneous T-cell lymphoma. Note the multifocal diffuse bone marrow involvement (a,c) and the diffuse 
low signal of the bone marrow (b)

ba c

Fig. 21.12a,b. Sagittal T1-weighted SE (a) and Gd-enhanced 
T1-weighted SE (b) images in a 58-year-old patient, known 
to have had M. Kahler for 8 years, with a non-Hodgkin 
B-cell lymphoma. Note the leptomeningeal lymphoma (b, 
arrowheads). The bone marrow changes may refl ect lym-
phoma and/or the residual changes after treatment for M. 
Kahlerba
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21.4.3 

Leukaemia

Leukaemias are composed of marrow accumula-
tions of mature and immature granulocytes in my-
eloid and lymphocytes in lymphocytic leukaemia. 
While immature cells proliferate in acute leukaemia, 
more differentiated cells are encountered in chronic 
leukaemia. A myelodysplastic syndrome, character-
ized by peripheral cytopenia, a (hyper)cellular bone 
marrow and frequent cytogenic abnormalities, may 
precede acute leukaemia.

MRI usually demonstrates a diffuse decrease of 
the bone marrow signal on T1-weighted spin-echo 
images but in one series of 21 patients two-thirds 
of the patients with early chronic lymphocytic 
leukaemia had normal MR fi ndings (Lecouvet et 
al. 1997c) (Fig. 21.13). Perhaps the signal intensity 
correlates with the aggressiveness of the chronic 
lymphocytic leukaemia, but the clinical experi-
ence of MRI in leukaemia is limited (Vande Berg 
et al. 1998). The hope that methods such as bulk 
T1 relaxation time measurement, chemical shift 
imaging or spectroscopy might improve the dem-

onstration of marrow involvement seems until now 
only partly fulfi lled. Sequential quantitative MRI 
proved valuable for the prediction of response in 
patients with acute lymphatic leukaemia but not in 
those with acute myeloid leukaemia (Vande Berg 
et al. 1995).

21.4.4 

Langerhans Cell Histiocytosis

Langerhans cell histiocytosis (histiocytosis X) is 
a neoplastic disorder associated with bone mar-
row histiocytosis and is therefore classifi ed in a 
group of diseases including myeloid leukaemia, 
non-Hodgkin’s lymphoma and Hodgkin’s disease. 
In this chapter attention will only be briefl y paid 
to multifocal histiocytosis (Fig. 21.14). We refer to 
Chapter 20 for a review of the solitary eosinophilic 
granuloma.

The bone and the bone marrow are involved and 
the diagnosis is usually made by the demonstration 
of Langerhans cells on the biopsy. There is a predi-
lection for the fl at bones, particularly the skull, fol-
lowed by the pelvis, spine and mandible.

Fig. 21.13a–c. Sagittal T2-weighted TSE (a), T1-weighted SE (b) and Gd-enhanced T1-weighted SE (c) in a 53-year-old pa-
tient treated for a carcinoma of the cervix and who developed chronic myelogenous leukaemia. The bone marrow returns 
a homogeneous low signal (b). Following the administration of Gd, there is a multifocal enhancement in the lower lumbar 
vertebrae and a homogeneous pathological enhancement in the thoracolumbar spine

ba c
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Vertebral body involvement may cause collapse, 
resulting in vertebra plana.

MRI shows a clear preservation of the disc space, 
which is an important observation in differentiating 
the lesion from infection (Tan et al. 2004; Azouz et 
al. 2004). The classical appearance consists of two 
intervertebral discs in apposition without interven-
ing vertebral body. There may be an associated epi-
dural soft tissue mass.

Bone marrow involvement by Langerhans cell 
histiocytosis should be distinguished from meta-
static disease, leukaemia and large cell lymphoma.

Recently, whole-body STIR MRI has been com-
pared to (99m)Tc-methylene diphosphonate scin-
tigraphy in children with multiple bone lesions and 
MRI proved to be feasible as a screening modality 
in, e.g., Langerhans cell histiocytosis in children 
( Mentzel et al. 2004).

21.4.5 

Diff erential Diagnosis

Several aspects merit discussion here. It is impor-
tant to realize that bone marrow involvement is a 

non-specifi c observation that may be observed in 
neoplastic as well as in non-neoplastic bone mar-
row disorders.

The observation of reactive bone marrow changes 
in unaffected vertebrae of patients with infectious 
spondylitis is probably the best illustration of the 
non-specifi city of this fi nding (Stäbler at al. 2000). 
It should be borne in mind that reactive bone mar-
row stimulation may occur in many instances lead-
ing to changes in bone marrow cellularity. Bone 
marrow cellularity does not always refl ect a bone 
marrow disease and may be infl uenced by smoking, 
endurance activities, various drug therapies and 
hemolytic disorders (see Fig. 21.2). The MR signal 
changes, however, are similar to those occurring in 
malignant disease, myeloproliferative diseases and 
haematological neoplasia and may therefore repre-
sent a diffi cult differential diagnosis.

The distinction between haematological malig-
nancies and metastases is not always clear.

Lymphoproliferative disorders tend to lead to a 
diffuse involvement while metastases are character-
ized by a (multi)focal involvement. Involvement of 
the anterior elements of vertebrae is unusual in he-
matopoietic malignancies which seem to have a pre-

Fig. 21.14a–c. Sagittal STIR (a), T1-weighted SE (b) and Gd-enhanced T1-weighted SE (c) images in a 12-year-old patient 
with Langerhans cell histiocytosis. Apart from the “vertebra plana” L4 and the partial collapse of vertebra L3, several focal 
lesions can be observed. Note the involvement of S5 and the bulging of the posterior wall of vertebral body L3

ba c
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dilection for the posterior vertebral elements (Kim 
et al. 1999) (Figs. 21.6, 21.7).

There have been attempts to differenti-
ate lymphoma from myeloma and metastases 
(Moulopoulos et al. 1999). The authors found a 
paravertebral soft tissue mass without affecting the 
shape or contour of the bone in 92% of their patients 
with stage IV lymphoma. They introduced the term 
“wrap-around” sign. This sign was never observed 
in their patients with myeloma and metastases when 
contour alterations and/or cortical destruction were 
always present (Fig. 21.7).

Finally, it can be very diffi cult to differentiate 
haematological malignancies from red marrow 
hyperplasia. In red marrow hyperplasia the signal 
intensity on T2 is usually less pronounced and gado-
linium-enhancement is absent.
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venous drug abuse, old age, chronically debilitated 
individuals, the widespread use of broad-spectrum 
antibiotics, the use of corticosteroids and immu-
nosuppressive drugs and parenteral alimenta-
tion. Clinical symptoms most often include back 
pain, sensory motor defi cits, fever, and obtunda-
tion. Fever, however, may not be prominent, and 
body temperature can be normal in patients with 
chronic infection. Mechanical compression is the 
most common cause of functional compromise 
of the spinal cord, and deterioration secondary 
to ischemic compromise is often seen. Magnetic 
resonance imaging is the method of choice and gold 
standard in detecting infectious spine diseases. 
Sensitivity, specifi city, and accuracy are reported 
as 96, 92, and 94%, respectively (Tins and Cassar-

Pullicino 1996). The MR imaging protocol should 
include unenhanced T1-weighted images (WI) and 
T2WI, short tau inversion recovery (STIR) T2WI, 
and contrast-enhanced T1WI. The most detailed 
information is provided by contrast-enhanced 
T1WI with fat suppression (Longo et al. 2003).

The pathogens can reach the spine by four prin-
cipal routes of spread: (a) the arterial hematogenous 
route from distant septic foci; (b) the venous hema-
togenous route; (c) from septic foci of adjacent soft 
tissue; and (d) direct inoculation (iatrogenic during 
surgery or interventional procedures). Iatrogenic 
spinal infections constitute 2.5% of all spinal in-
fections (Tins and Cassar-Pullicino 2004). The 
infection risk of discography is reported to be ap-
proximately 1%, and for open surgery this rises to 
3–13%. Myelography, chemonucleolysis, vertebro-
plasty, and kyphoplasty are other known causes 
of spinal infection. The use of vertebroplasty for 
the treatment of osteoporotic compression frac-
tures has been described and recommended in the 
medical literature; however, in addition to possible 
complications that include nerve entrapment, and 
complications related to cement or fat emboli, seri-
ous pyogenic spondylitis has been reported (Yu et 
al. 2004).
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22.1 
Introduction

Spinal infection is a signifi cant cause of morbidity. 
Despite advances in antibiotic treatment regimens, 
the incidence is not decreasing. Several factors can 
make people more vulnerable to spinal infections, 
including immunodefi ciency secondary to human 
immunodefi ciency virus (HIV) infection or intra-
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K E Y - P O I N T S

Clinical symptoms of spinal infection

Back pain

Sensory motor defi cits

Fever: sometimes not prominent especially in 
chronic infection

MR is the imaging method of choice with an 
accuracy of 94%

Should include T1WI and T2WI, especially 
fat-suppressed T2WI (STIR)

Should also include gadolinium-enhanced 
fat-suppressed T1WI

Possible routes of infection:

Arterial from distant septic foci

Venous

Adjacent infected tissue

Direct inoculation (trauma, interventions, 
and surgery): 2.5% of all spinal infections

Most common infectious agents:

Overall: Staphylococcus aureus (62%)

For each category:
Bacterial: Staphylococcus aureus followed 
by Enterobacter, Salmonella, Pseudomonas, 
and Serratia
Viral: cytomegalovirus and herpes simplex
Fungal: Candida followed by Aspergillus
Parasitic: Toxoplasmosis, Cysticercosis

Bacterial spondylodiscitis:

Symptoms for >3 months in 50% of patients

Fever in 50% of patients

Elevated sedimentation rate in 50% of pa-
tients

Elevated white blood cell count in 50% of 
patients

50% in lumbar, 35% thoracic

MR
Vertebral bodies:

Low SI on T1WI
High SI on T2WI
Strong enhancement

Intervertebral disk:
High SI on T2WI
Loss of intranuclear cleft
Peripheral enhancement
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Bacterial epidural abscess:

Peak in sixth and seventh decade

Predisposing factors:
Diabetes
IV drug abuse
Chronic renal failure
Immunodefi ciency
Cirrhosis

Sometimes diffi cult to visualize on T2WI, 
postcontrast imaging essential

Tuberculous spondylodiscitis/spondylitis:

Subligamentous spread with consecutive in-
volvement of adjacent vertebrae

Sometimes multiple vertebrae at multiple sites

Skip lesions in 4% of cases

Paraspinal soft tissue involvement in three of 
four adults and 98% of children

TB versus pyogenic:

TB: well-defi ned paraspinal changes, smooth 
enhancement of abscess walls

Pyogenic: ill-defi ned paraspinal changes, 
thick, irregular abscess wall

Viral infections:

HIV
Vacuolar myelopathy
Sensorimotor defi cit in lower extremities, 
gait, and urinary disorders
Bilaterally symmetrical high SI on T2WI, 
predominantly in lateral and dorsal parts of 
the spinal cord

CMV and herpes simplex:
Polyradiculitis
Myelitis

Fungal infections:

Primarily opportunistic in immuno-compro-
mised patients

Spondylodiscitis/spondylitis

Parasitic infections
Toxoplasmosis:

AIDS patients but even then rare
Cysticercosis

Spinal involvement in 0.7–5.9% of cases
All patients with spinal cysticercosis have 
cerebral involvement
Most commonly subarachnoid infection
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Staphylococcus aureus is the predominant or-
ganism and is found in 62% of all spinal infections. 
Proteolytic enzymes enable the spread of the in-
fection into the vertebral bodies and the disc. The 
spread of the infection in pathogens that do not 
produce proteolytic enzymes (e.g., Mycobacterium 
tuberculosis) is much more slowly with late clinical 
presentation.

22.2 
Bacterial Infections

Pyogenic infections have a peak age incidence in 
the sixth to seventh decades. The number of cases 
of spondylodiscitis is on the rise in industrial coun-
tries due to immigration, the spread of acquired 
immunodefi ciency syndrome (AIDS), and the use 
of intravenous drugs. The most common cause is 
Staphylococcus aureus, followed by Enterobacter, 
Salmonella, Pseudomonas, and Serratia species.

22.2.1 

Bacterial Spondylodiscitis

The infection usually starts in the anterior por-
tion of the vertebra due to its rich arterial supply 
and then spreads to the rest of the vertebral body, 
along the medullary spaces. Through the disk space, 
which is usually involved in pyogenic infections, the 
infection spreads to the contiguous vertebrae. Due 
to the disappearance of the vascular anastomotic 
connections in the vertebral bodies after childhood, 
in adults a large area of bone remains susceptible to 
infarction and infection from hematogenous septic 
emboli (Smith and Blaser 1991).

Clinical symptoms of spondylodiscitis include lo-
calized back pain, limited range of motion, and fever. 
According to the “rule of 50%”, 50% of the patients 
will have increased erythrocyte sedimentation rate 
(ESR), 50% of patients have symptoms for at least 
3 months before presentation, fever will be present 
in 50% of patients and white blood cell count will be 
increased in 50% of patients. In spinal infections af-
ter surgery or trauma, ESR is unreliable and increase 
in pain may be the only feature (Tins and Cassar-

Pullicino 2004). Blood cultures are positive in 25–
50% but biopsy reveals positive results in 50–90% of 
cases with open biopsies being the most reliable.

The lumbar region is most commonly affected 
(50%), the thoracic spine is involved in 35% of cases, 
and the cervical spine is less frequently involved 
(Van Tassel 1994). The extent of vertebral and epi-
dural space abnormalities in cases of cervical infec-
tion is greater than in the thoracic or lumbar region 
(Friedman and Hills 1994).

The radiologic diagnosis of spondylodiscitis is 
based on magnetic resonance imaging (MRI) fi nd-
ings, although spine radiographs, bone scans, and 
computed tomography (CT) can provide additional 
information. Radiographs of the spine are not help-
ful in the early stage of spondylodiscitis. Disk space 
narrowing and irregularity of vertebral body mar-
gins can be seen after 2–4 weeks on plain radio-
graphs. Bone scans are sensitive in the early phase 
but not specifi c. Increased bone turnover from sur-
gery, fracture, and degenerative changes cannot be 
distinguished from infl ammatory changes. Disc 
fl attening and destruction of vertebral endplates 
can be demonstrated on CT and paravertebral ex-
tension and epidural abscess can be delineated af-
ter contrast administration. The relationship of the 
spinal cord and epidural space cannot be reliably 
evaluated without use of intrathecal contrast agent 
application (Smith and Blaser 1991).

Magnetic resonance imaging is the method of 
choice for the diagnosis of pyogenic spondylodis-
citis. Affected vertebral bodies show low signal on 
T1WI and high signal on T2WI with strong en-
hancement on postcontrast T1WI (Fig. 22.1). The 
MR signal abnormalities are assumed to correspond 
to the extent of the infl ammatory process and in-
creased water content in exudates containing poly-
nuclear leukocytes and fi brin (Smith and Blaser 
1991). The changes in signal intensity in pyogenic 
spondylodiscitis are relatively constant and do not 
correlate with the etiologic agent (Maiuri et al. 
1997); however, cases of Brucella spondylodiscitis 
may have long T1 and T2 relaxation times. Abnor-
mal enhancement can be observed in the affected 
bone, disk, and epidural abscess formations (Post 
et al. 1990). The improved delineation of epidural 
collections from the compressed thecal sac was one 
of the major advantages of postcontrast images.

The extension of the infection can be well visual-
ized and documented using fat-suppressed postcon-
trast T1WI. Involved disks show high signal on T2WI 
(“hot disk”) with loss of intranuclear cleft and pe-
ripheral enhancement (Maiuri et al. 1997). Destruc-
tion of the bone results fi rst in subchondral erosions 
and sequestrations, followed by vertebral body de-
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struction. Bony sequestrations are recognized as low 
signal intensity structures on postcontrast images 
surrounded by infl ammatory tissue, and disappear 
with time due to osteolysis. Soft tissue involvement 
is present in 20% of pyogenic spinal infections with 
paravertebral abscesses and pleural effusions with 
spread through the parietal pleura when the dorsal 
spine is involved (Bass et al.1998). A case of osteo-
myelitis of the thoracic spine caused by Salmonella 
with pleural effusion was described recently (Gupta 
et al. 2004). Salmonella osteomyelitis is usually seen 
in immunocompromised patients, and accounts for 
approximately 0.5% of all osteomyelitis cases. When 
the infection passes through the posterior longitudi-
nal ligament, infl ammatory masses extend along sev-
eral segments and form epidural abscesses.

Reactive bone marrow changes can be also found 
in unaffected vertebral bodies in patients with pyo-
genic spondylitis (Stäbler et al. 2000). A recent 
study suggests that in patients with chronic bacte-
rial spondylitis, alterations in bone marrow signal is 
due to reactive bone marrow stimulation. This was 
found in about 25% of patients with infectious spon-
dylitis (Stäbler et al. 2000).

The differential diagnosis includes degenera-
tive changes Modic type-I, rheumatic diseases, and 
neoplasms. In cases of infection the disk is hyperin-
tense on T2WI, whereas a dehydrated disk shows a 
typically low signal on T2-weighted MR images. On 

postcontrast images, degenerative changes can show 
enhancement of the vertebral bodies and the disk 
due to the presence of vascularized fi brous tissue and 
edema in the bone marrow (Jevtic 2001). After dis-
cectomy, 20% of patients show enhancement of the 
disk, which is considered normal up to 3 months af-
ter surgery. Rheumatoid arthritis usually involves the 
craniocervical junction, and demonstrates character-
istic laboratory and clinical data. Primary or second-
ary neoplastic lesions of the vertebral bodies usually 
can be easily distinguished from infections because 
disk involvement is only rarely present; however, my-
eloma and chordoma may develop near or even with-
in the disk space (Longo et al. 2003). Spinal erosive 
changes have been described in patients with chronic 
renal failure, usually in patients being on dialysis for 
more than 3 years (Sundaram et al. 1987). Decreased 
signal intensity on both T1- and T2-weighted MR im-
ages, normal signal of the intervertebral disk, lack of 
associated soft tissue abnormality, and normal bone 
scan suggest the correct diagnosis.

22.2.2 

Bacterial Epidural Abscess

The peak incidence of epidural abscesses of bacterial 
origin occurs in the sixth and seventh decades of life 
(Danner and Hartmann 1987). Diabetes mellitus, 

Fig. 22.1a–c. Pyogenic spondylodiscitis. 
a On T1WI the vertebral bodies L4 and 
L5 show low signal intensity. b Sagit-
tal T2WI shows narrowing of the disc 
space L4–L5 with high signal intensity 
of the disc and affected vertebral bodies. 
c Homogenous enhancement of the verte-
bral bodies L4 and L5 is seen on postcon-
trast T1WI with fat suppression. The disk 
shows inhomogeneous, patchy enhance-
mentba c
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intravenous drug abuse, chronic renal failure, im-
munodefi ciency syndromes, and cirrhosis are the 
primary predisposing factors (Cross and Howell 
2003). In 50% of cases, no obvious source of in-
fection can be identifi ed (Panagiotopoulos et al. 
2004).

Staphylococcus aureus is the most common agent 
(45%). Fever and localized tenderness over the spine 
are common early symptoms, but often the symp-
toms are nonspecifi c, resulting in delayed diagno-
sis. Based on their age, spinal epidural abscesses are 
classifi ed as: (a) acute abscess formations with frank 
pus in the epidural space; and (b) chronic epidural 
abscesses with granulation tissue.

The MR imaging characteristics of an epidural 
abscess are high signal on T2WI and low signal on 
T1WI with two types of enhancement (Figs. 22.2–
22.6; Friedman and Hills 1994). A homogenous 
enhancement corresponds to an abscess with in-
fl ammatory tissue without purulent collection; a 
peripheral enhancement indicates a true abscess 
formation with purulent fl uid (Sandhu and Dillon 
1991). The necrotic center of the abscess is not per-

fused and is a relatively inaccessible extravascular 
space with low accumulation of contrast material. 
This avascular core will not be accessible to intra-
venous antibiotics, and usually requires surgical 
drainage. In the case of suspected epidural abscess, 
due to the continuity of the epidural space, the en-
tire spine should be examined.

Precontrast T2WI usually fail to show an epidu-
ral abscess because both CSF and abscess forma-
tion show high signal intensity. Precontrast T1WI 
are helpful for detection of low signal intensity of 
associated affected vertebral bodies and involved 
disks. The subtle changes in the signal intensity 
of CSF on T1WI may indicate widespread involve-
ment, compression of the thecal sac, and associated 
meningitis. Both T1- and T2WI show no different 
histologic zones of abscess formations. Postcon-
trast images delineate the histologic zones and the 
extent of an abscess, as well as the degree of spinal 
cord compression. Two additional patterns of en-
hancement are present: linear enhancement along 
the dura mater; and engorgement of the epidural 
or basivertebral veins. Linear enhancement repre-

Fig. 22.2a–c. Pyogenic spondylodiscitis with epidural extension. a Sagittal T1WI shows low signal intensity of vertebral body 
L2 and L3 with low signal intensity disc and loss of cortical continuity of the adjacent endplates. An additional isointense 
mass is seen in the anterior epidural space extending from L1 to L3 level. b On T2WI the disk shows high signal intensity 
with low signal intensity of the mass in the epidural space. c Patchy enhancement of the affected vertebral bodies and 
peripheral enhancement of the disc is seen on postcontrast T1WI representing spondylodiscitis. Epidural collection also 
shows peripheral enhancement

ba c
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sents extension of infl ammation into the dura ma-
ter, and venous engorgement can be observed below 
and above an epidural collection, which is the result 
of extension of the infl ammation along the venous 
plexus or mechanical obstruction of venous drain-
age ( Numaguchi et al. 1993).

Follow-up imaging of epidural abscesses is cru-
cial whether the treatment is surgical or nonsurgi-
cal. Increased or diminished intensity of contrast 
enhancement at the site of an epidural abscess 
correlates well with clinical deterioration or im-
provement respectively (Numaguchi et al. 1993). 
Immediate surgical decompression is indicated 
in patients who exhibit neurologic deterioration 
during antibiotic therapy. Abscesses located pos-
teriorly are easier to drain and are associated with 
less postoperative morbidity. Recent reports sug-
gest minimally invasive techniques, such as mild 
continuous suction, are a promising and success-
ful alternative treatment ( Panagiotopoulos et 
al. 2004). In the past decade surgical interventions 
in cases of spondylodiscitis and epidural abscess 

have been replaced by conservative therapy, and 
percutaneous drainage of the abscesses. Immobili-
zation, as well as antibiotic and anti-infl ammatory 
therapy, is usually required in spondylodiscitis. A 
CT-guided percutaneous drainage is necessary in 
cases of large paravertebral masses. Monitoring 
treatment response is therefore critical, especially 
in immunocompromised patients. When the infec-
tion process begins to diminish and responds well 
to medical treatment, the change in signal inten-
sity tends to regress in 6 weeks to several months. A 
high signal intensity rim on the T1WI at the edge of 
the lesion has been described as one of the earliest 
signs representing healing (Gillams et al.1996). 
Replacement of abnormal hypointense signal in 
the vertebral bone marrow on T1WI with hyperin-
tense fat also indicates healing. Gradual decrease 
in T2WI can be observed on follow-up MR scans. 
Gadolinium enhancement may increase in degree 
and extent in some patients, persists for several 
weeks, and does not indicate deterioration or treat-
ment failure (Gillams et al.1996).

b da c

Fig. 22.3a–d. Pyogenic spondylodiscitis with epidural extension. a Sagittal T2WI of the cervical spine shows high signal 
intensity of the disc C5–C6 and C6–C7 with narrowing of the disc spaces on both levels. b Affected discs and vertebral bodies 
appear hypointense on T1WI with irregularity of the subchondral regions of the vertebral bodies. c Hyperintensity of the 
vertebral bodies is most prominent on sagittal short tau inversion recovery (STIR) image representing infl ammatory bone 
marrow edema. d After gadolinium injection, the extent of the infection is evident with enhancement of vertebral bodies 
C5–C7 and the disk spaces. Epidural extension of the infection is clearly delineated on postcontrast images with enhance-
ment of the epidural phlegmon in the anterior epidural space
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22.2.3 

Bacterial Myelitis and Spinal Cord Abscess

The occurrence of intramedullary abscess formation 
is rare, with only a few cases described in the lit-
erature, with the thoracic spine the most commonly 
involved area (Candon and Frerebeau 1994). Staph-
ylococcus aureus and Streptococcus are the most com-
mon bacterial organisms to invade the spinal cord. 
Hematologic spread is the most common route of 
infection. It has been postulated that bacterial spinal 
abscesses only occur in a setting of systemic bacte-
remia (Babu et al. 1992). In one series, however, in 
25% of the patients, a primary source of infection 
was never found (Murphy et al. 1988). Contiguous 

spread through a congenital dermal sinus may be a 
mechanism of infection in children (Chan and Gold 
1988). The clinical signs and symptoms depend on the 
location of the lesion. Patients usually present with 
motor and sensory neurologic defi cits, back and/or 
radicular pain (60% of patients), and fever (40% of 
patients). The erythrocyte sedimentation rate tends 
to be elevated in all patients regardless of the clinical 
fi ndings (Candon and Frerebeau 1994). The CSF 
cultures usually remain sterile.

Development of an abscess in the spinal cord may 
be similar to the pathologic evolution of abscess in 
the brain: (a) early stage of infectious myelitis; (b) late 
stage of myelitis; and (c) intramedullary cord abscess 
formation (Murphy et al. 1988). High signal on T2WI 

Fig. 22.4a–d. Pyogenic spondylodiscitis with epidural extension 
and abscess in the psoas muscle in a 60-year-old woman with 
Cushing syndrome and long-term steroid therapy. Biopsy-proven 
Staphylococcus aureus infection. a Sagittal T2WI shows high sig-
nal intensity of multiple discs in the lumbar region. Additionally, 
an isointense mass is seen in the anterior epidural space at the 
level of the L3 vertebral body. b On postcontrast T1WI inhomoge-
neous enhancement with central hypointensity is demonstrated 
in the vertebral bodies L2–L5, indicating destruction and infl am-
mation. An epidural collection shows peripheral enhancement 
consistent with epidural abscess formation with a liquefactive 
center. c Axial postcontrast T1WI demonstrates clearly the epi-
dural enhancing collection. d Coronal T1WI shows fl uid collec-
tion in the left psoas muscle consistent with abscess formation

b

c

a

d
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Fig. 22.5a–d. Epidural abscess. a On sagittal T1WI an isointense abnormality is observed in the anterior and posterior 
epidural space in the thoracic and lumbar region. b Poor contrast between the spinal cord and cerebrospinal fl uid (CSF) is 
shown on T2WI. The dura is seen as a low signal intensity line, indicating a process in the epidural space. c,d On postcontrast 
sagittal c and axial d T1WI an intense enhancement of the dura is shown with clear delineation of a fl uid collection in the 
anterior and posterior epidural space representing epidural abscess formation

b

d

a c

Fig. 22.6a–d. Pyogenic spondylodiscitis with epidural abscess in the lumbar spine. a On sagittal T2WI linear high signal 
is noted in the disc L5–S1 with a low signal intensity mass in the anterior epidural space at the same level. b The vertebral 
bodies L5 and S1 show low signal on T1WI with narrowing of the disc space L5–S1. An epidural mass appears slightly hy-
perintense to CSF on T1WI. c Postcontrast T1WI demonstrates enhancement of the affected vertebral bodies (now isointense 
compared with normal vertebral bodies) and enhancement of the epidural collection. d On sagittal diffusion-weighted image 
vertebral bodies L5 and S1 have high signal most probably representing infl ammatory edema. High signal is also shown in 
the epidural collection suggesting restricted diffusion due to the highly viscous content of the epidural abscess

dba c
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with poorly defi ned enhancement are the typical MR 
imaging fi ndings in the early stage. Clearly defi ned 
peripheral enhancement with surrounding edema is 
present in the late stage of myelitis, corresponding 
to capsular formation and infl ammatory changes in 
the late stage of cerebritis. The earliest well-defi ned 
enhancement is observed 7 days after the onset of 
symptoms (Murphy et al. 1988), and this is thought 
to represent the beginning of abscess formation with-
in the spinal cord. In one study, a case of staphylococ-
cal myelitis of the cervical spinal cord presented as a 
homogeneously enhancing lesion without cavitation 
(Friess and Wasenko 1997). Multiple ring-enhanc-
ing lesions were found in the brain in that particu-
lar patient. Since the patient improved clinically and 
radiologically after antibiotic treatment, the authors 
postulated that the imaging fi ndings represented ear-
ly bacterial myelitis resembling pathologically early 
cerebritis.

Syphilitic myelitis is a very rare manifestation of 
neurosyphilis (Tsui et al. 2002). It is a form of meningo-
vascular syphilis with thrombosis of the spinal vessels 
due to syphilitic endarteritis. High signal abnormal-
ity on T2WI, with enhancement predominantly on the 
surface of the cord, has been described in a few cases 
of proven syphilitic myelitis (Tsui et al. 2002). The 
disappearance of the spinal cord abnormalities sug-
gests the reversible nature of the lesions. In one case, 
high signal intensity abnormality was present in the 
entire spinal cord (Tsui et al. 2002). Since the clinical 
and imaging fi ndings are nonspecifi c, this potentially 
treatable entity should be included in the differential 
diagnosis of acute transverse myelitis. The fi nal diag-
nosis can be made with serum and CSF tests.

22.2.4 

Tuberculosis

The worldwide rise of AIDS is in part responsible 
for an increased incidence in tuberculosis (TB). At 
present, approximately 30% of patients with tuber-
culosis are HIV-positive (Whitemann et al. 1995). 
Extrapulmonary and disseminated forms are much 
more common in immunocompromised hosts than 
in the healthy population (Thurnher et al. 1997; 
Villoria et al. 1995).

Tuberculosis of the spine was fi rst described as a 
distinct entity by Sir Percival Pott in England in 1779 
(Pott 1779). Vertebral TB is the most common form of 
skeletal TB, and thoracic involvement is usually seen 
in 50% of the cases. The most common affected verte-

bral body is L1 (Sklar et al. 1993). Depending on the 
location of the disease, the age of the patient and the 
number of vertebrae affected, the patient may pres-
ent with symptoms ranging from systemic upsets or 
back pain to severe spinal deformity and neurologic 
defi cits. Knowing that a delay in diagnosis may have 
devastating consequences, especially spinal defor-
mity, it is crucial to establish early diagnosis of spinal 
tuberculous infection. The spine is usually affected 
through the spread of the Mycobacterium tuberculo-
sis from a primary focus located outside the CNS.

Tuberculous infection of the spine may present 
as: (a) tuberculous spondylodiscitis; (b) tuberculous 
radiculitis; or (c) intramedullary tuberculoma.

22.2.4.1 

Tuberculous Spondylodiscitis

Typically, the anteroinferior part of the vertebral 
body is affected fi rst with contiguous subligamen-
tous spread and consecutive involvement of the ad-
jacent vertebral bodies with abscess formation and 
avascular necrosis. Tuberculous infection causes 
destruction through a delayed hypersensitivity re-
action of the vertebral body with the formation of 
granuloma and Langerhans giant cells. Although 
the involvement of the posterior elements can occur 
secondarily, occasionally the posterior elements can 
be affected primarily. In one study, 5% of spinal TB 
was located in the posterior elements (Kumar 1985). 
In another recently published series about spinal TB, 
24% of patients had posterior element involvement, 
with isolated posterior element involvement in 3% 
(Narlawar et al. 2002). Spread of the infection pos-
teriorly into the spinal canal causes epidural abscess 
formations and spinal cord compression.

Tuberculosis may also involve multiple vertebrae 
at multiple sites, sometimes creating diagnostic 
problems. Skip lesions occur in up to 4% of the cases 
(Smith and Blaser 1991). For this reason, as large a 
section of the spine as possible should be imaged in 
all cases of suspected spinal TB to avoid overlooking 
distant foci.

Because of its multiplanar capability and sensitiv-
ity in detecting osseous and soft tissue changes as-
sociated with osteomyelitis, MR imaging should be 
considered the method of choice for imaging spinal 
TB (Figs. 22.7, 22.8). On MR imaging the affected 
vertebral bodies show high signal on T2WI, and low 
signal on T1WI, representing acute edematous chang-
es. The height of the disk is preserved until the later 
stages of the infection. Loss of the intranuclear cleft 
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Fig. 22.7a–d. Early tuberculous spondylitis in an 18-year-old HIV-negative intravenous drug abuser. a Low signal intensity 
is shown in the vertebral bodies L3 and L4 on T1WI. b On T2WI low signal and reduction of the disk height L3–L4 is shown. 
The affected vertebral bodies have a slightly higher signal intensity compared with the normal ones. c High signal was 
present in the vertebral bodies L3 and L4 on STIR sequence. d The signal of the affected vertebral bodies becomes almost 
similar to the normal ones on postcontrast T1WI. The presence of the prevertebral enhancing mass at that level is suggestive 
of tuberculous spondylitis (without disk involvement) with anterior spread of the infection

b da c

and hyperintensity of the disk on T2WI are signs of 
disk involvement (46–72% of cases; Al-Mulhim et 
al. 1995; Gouliamos et al. 2001; Lindahl et al. 1996; 
Liu et al. 1993). The intervertebral disk is involved 
by direct spread from affected neighboring vertebral 
bodies or soft tissue. On postcontrast images, a rim 
enhancement around the disk can be seen.

The imaging fi ndings in tuberculous spondylitis in 
children are similar to those in adults, but are more 
extensive (Andronikou et al. 2002). In a large pedi-
atric study, vertebral body involvement was central, 
with collapse commencing anteriorly (Hoffmann et 
al. 1993). In their series, all pediatric patients had two 
or more vertebral bodies involved. Direct involve-
ment of the disk by blood-borne pathogens occurs 
only in the pediatric age group because of persistent 
fetal blood supply to the disk. The affected disks are 
hypointense on T2WI compared with the high signal 
intensity characteristic of a normal disk. Kyphosis 
and cord compression are the most common compli-
cations (Andronikou et al. 2002).

Paraspinal soft tissue involvement accompanies 
vertebral destruction, and has been reported in 73.9% 

of the cases in adults, and in an even higher percentage 
in children (98%; Andronikou et al. 2002;  Hoffmann 
et al. 1993). Paravertebral abscesses are seen as poste-
rior mediastinal masses when they are thoracic and 
psoas abscesses in the lumbar spine (Fig. 22.9). A psoas 
abscess may extend into the groin and thigh with cal-
cifi cations after healing. According to one study, para-
vertebral masses do not correlate well with the site of 
the initial vertebral body lesion, and psoas abscesses 
are known to be located below the level of spondyli-
tis (Loke et al. 1997). Paravertebral soft tissue masses 
reach a maximum size within 2 months of presenta-
tion and may take up to 15 months to resolve (Sharif 
et al. 1995). In the acute stage paravertebral tissues are 
usually hypointense on T1WI and hyperintense on 
T2WI with disappearance of the fat and increased size 
of the homolateral psoas muscle. In the chronic stage, 
scar formation in the fat tissue is observed (Maiuri et 
al. 1997). On postcontrast scans strong rim enhance-
ment around multiloculated fl uid collections is pres-
ent. Multilocular and calcifi ed paraspinal masses with 
a thick rim and associated vertebral body fragmenta-
tion is strongly suggestive of tuberculous infection. 
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Calcifi cations within or surrounding paraspinal ab-
scesses are considered pathognomonic for TB ( Sharif 
et al. 1995). Paraspinal soft tissue masses extend in an 
anterolateral direction, but posterior extension into 
the spinal canal are also seen.

One of the rare complications of TB spinal infec-
tion is fi stulization of spondylodiscitis to the skin or 
abdominal viscera.

Differentiation between tuberculous and pyo-
genic spondylitis is diffi cult both clinically and 
radiologically. Clinical information is not helpful, 
although a more insidious onset favors a tubercu-
lous origin. In one comparative study, the two most 
reliable MRI fi ndings indicative of a tuberculous in-
fection were thin and smooth enhancement of the 
abscess wall and well-defi ned paraspinal signal ab-

normality. Thick and irregular enhancement of the 
abscess wall and ill-defi ned paraspinal abnormal 
signal were suggestive of pyogenic spondylitis (Jung 
et al. 2004). An air–fl uid level within an abscess is 
said to exclude TB (Loke et al. 1997).

Osseous TB has been reported in 1–3% of patients 
with TB (Evangelista et al. 2004), with involvement of 
the dorsolumbar spine in 50% and sacroiliac joints in 
10% of patients. The diagnosis of bone TB is challeng-
ing, on the one hand because of nonspecifi c clinical 
symptoms and nonspecifi c radiologic fi ndings, and, 
on the other hand, due to the low prevalence in West-
ern countries. Atypical forms of osseous TB mostly 
affect diabetic or immunocompromised patients. 
Imaging fi ndings in atypical bone TB differ from 
Pott’s disease. The neural arch is most commonly in-

Fig. 22.8a–d. Tuberculous spondylodiscitis. a On sagittal T2WI 
the destruction and high reduction of the vertebral bodies with 
dorsal dislocation into the spinal canal is shown. The narrowed 
disc space has a high signal intensity. b Low signal is present on 
precontrast T1WI. c Sagittal postcontrast T1WI with fat suppres-
sion shows intense enhancement of the disc space and adjacent 
vertebral bodies with extension of the infl ammatory process in 
the anterior epidural space. Extensive anterior subligamentous 
spread of the infection can be seen with an enhancing prever-
tebral mass directly extending from the affected disc space. d 
Epidural infl ammatory extension and huge paravertebral masses 
can be clearly seen on axial postcontrast T1WI

b
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volved, with sparing of the vertebral body and disks. 
Furthermore, skin lesions are often present, and le-
sions may manifest as solid tumor-like masses with 
no evidence of abscess formation. Hypercaptation on 
bone scan can anticipate radiographic abnormalities 
by 2–5 months in cases of osseous TB and help guide 
a biopsy site (Evangelista et al. 2004).

In the past 20 years, plain fi lms have been replaced 
by CT and MRI in the assessment of spinal TB. Early 
bone marrow edema, epidural and paraspinal mass-
es, as well as cord compression can be detected on 
CT and MR before plain radiograph changes appear. 
Plain-fi lm changes may lack the pathologic alterations 
in tuberculous infection of the spine by up to 8 weeks, 
radionuclide scanning is sensitive but nonspecifi c. 
Bone destruction at the vertebral endplates with frag-
mentation is well demonstrated on CT scan.

22.2.4.2 

Tuberculous Arachnoiditis

Tuberculosis is a rare cause of spinal arachnoiditis. 
Classifi cation is based on the site of origin: (a) primary 

TB radiculomyelitis; (b) radiculomyelitis secondary 
to vertebral TB; and (c) radiculomyelitis secondary 
to intracranial TB meningitis. The clinical features 
of spinal TB arachnoiditis include paraplegia, quad-
riplegia, pain, and root symptoms. Pathologically, the 
meninges of the cord show a variable degree of con-
gestion and infl ammatory changes throughout their 
course. Spinal cord and nerve roots are edematous 
and surrounded by gelatinous exudate. Associated 
tuberculomas may be located within the thecal sac, 
and are usually closely adherent to the inner aspect 
of the dura mater and to the spinal cord.

The diagnosis of tuberculous arachnoiditis is 
usually suspected on the basis of a history of crani-
al tuberculous meningitis, the clinical picture, and 
CSF analysis. MR imaging is the method of choice 
in the detection of tuberculous arachnoiditis. The 
intrathecal space is usually hyperintense on all 
MR imaging sequences. On postcontrast MR imag-
ing, enhancement of the dura–arachnoid complex 
is usually seen. The nerve root thickening refl ects 
edematous swelling in the acute stage, and adhe-
sions in the chronic stage (Fig. 22.10; Bötzel 1993; 

Fig. 22.9a–d. Tuberculous paraspinal abscess. a On sagittal 
T2WI high signal intensity is shown in the L2 vertebral body. 
b On postcontrast images a huge peripherally enhancing 
mass with a fl uid center is demonstrated in the left paraver-
tebral region. c Axial T2WI shows the exact size and location 
of the paravertebral abscess with signal abnormality in the 
adjacent vertebral body. d Postcontrast T1WI in the axial 
plane shows extension of the infection into the spinal canal 
through the neural foramen
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Chang et al. 1989). Other imaging fi ndings, such as 
irregular margins of the thecal sac, irregular cord 
outline, and irregular fi lling or obliteration of the 
subarachnoid space, can also be visualized on my-
elograms.

An unusual case of intradural, extramedul-
lary tuberculoma as a complication of tuberculous 
meningitis was described recently (Skendros et al. 
2003). MR imaging demonstrated an intradural, ex-
tramedullary mass that extended from Th2 to the 

Fig. 22.10a–f. Tuberculous radiculitis with epidural tuberculoma in 7-
year-old child with tuberculous meningitis. a Sagittal postcontrast T1WI 
of the cervical spine shows linear enhancement on the anterior and pos-
terior surface of the spinal cord representing leptomeningeal disease. b 
Enhancement and clumping of the cauda equina is demonstrated on post-
contrast images of the lumbar region. c Axial T1WI after gadolinium injec-
tion shows typical arachnoiditis-type enhancement of the cauda equina 
due to extensive tuberculous infection. d Low signal intensity mass located 
in the anterior epidural space of the thoracic spine is shown on T1WI. e The 
lesion has low signal compared with CSF on T2WI. f Axial postcontrast 
T1WI with fat suppression shows epidural mass in the anterior epidural 
space to the best advantage, representing epidural tuberculoma
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lumbar spine. The spinal cord showed intramedul-
lary hyperintensity consistent with edema.

22.2.4.3 

Intramedullary Tuberculoma

Intramedullary TB infection remains an extremely 
rare disease entity. Only 148 cases have been report-
ed in the international literature, although numer-
ous recent reports from developing countries, and 
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in HIV-positive patients, increase this number. In-
tramedullary tuberculomas are seen only in 0.002% 
of the cases of TB and in 0.2% of the cases of CNS 
TB (Citow and Ammirati 1994). The ratio of in-
tracranial to intraspinal tuberculomas ranges from 
20:1 and 42:1 (Jinkins 1995). Histologically, mature 
tuberculoma have a central area of solid caseation 
necrosis and a capsule of collagenous tissue, epithe-
lioid cells, multinucleated giant cells, and mononu-
clear infl ammatory cells (Whiteman et al. 1995).

Fusiform swelling of the cord was noted in six 
of seven cases of intramedullary tuberculoma with 
iso- or hyperintensity on T1WI (Parmar et al. 2000). 
Hypo- or isointensity on T2WI with surrounding hy-
perintense edema was present in 2 patients, a fi nding 
suggestive of tuberculoma (Fig. 22.11); however, in 5 
patients, a hyperintense center on T2WI was noted 
due to the lesser degree of caseation and liquefac-
tion. Solid or ring-like enhancement is usually pres-
ent on postcontrast images. A case of intramedullary 
tuberculoma of the thoracic spinal cord was recently 
reported (Torri et al. 2004). The patient presented 
with a 2-month history of progressive paraparesis 
and sphincter dysfunction, and MR showed a ring-
enhancing mass with perifocal edema within the cord 
(Torri et al. 2004). In another series fi ve cases of spi-
nal intramedullary tuberculoma and abscess were 
reported (Devi et al. 2002). On postcontrast images 
ring-enhancing lesions with central hypointensity 
were described. The lesions were treated successfully 
surgically and/or with antituberculous therapy. In-
tramedullary tuberculoma was also reported in pa-
tients with AIDS (Melhem and Wang 1992).

Tuberculous involvement of the subdural and in-
tramedullary compartment is uncommon; however, 
a case of combined subdural spinal tuberculous em-
pyema and intramedullary tuberculoma in an HIV-
positive patient was described (Alessi et al. 2003). 
A lentiform lesion with rim enhancement at the level 
Th2 was seen in the cord on postcontrast MR imag-
es. Additionally, an enhancing subdural collection 
was present from C5 and further downward along 
the complete thoracic spine with compression of the 
spinal cord.

22.3 
Viral Infections

22.3.1 

Human Immunodefi ciency Virus

As the human immunodefi ciency virus (HIV)/AIDS 
epidemic approaches its 20th anniversary, research-
ers and clinicians continue to grapple with the com-
plexities of the virus. An estimated 36 million people 
worldwide are currently living with HIV, and some 
20 million people have already died from AIDS.

Vacuolar myelopathy (VM) is a common neu-
rologic complication of AIDS. Petito et al. fi rst de-
scribed in 1985 the neuropathologic fi ndings in a 
previously uncharacterized progressive myelopathy 
in AIDS patients (Petito et al. 1985). Pathologically, 
VM is characterized by vacuolization in the lateral 

Fig. 22.11a,b. Intramedullary tuberculoma in a patient with known cerebral tuberculosis. a On axial T1WI enlargement of 
the cord with central hypointensity is shown. b Axial postcontrast T1WI reveals an intramedullary ring-like enhancing 
lesion, representing intramedullary tuberculous granuloma
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and posterior columns of the thoracic spinal cord, 
resembling changes seen in vitamin B12 defi ciency. 
Vacuoles are the result of edematous swelling within 
myelin, with splitting of the lamellae. The axons are 
usually normal until severe vacuolation and second-
ary Wallerian degeneration and axonal disruption oc-
curs (Artigas et al. 1990; Dal Pan et al. 1994; Gray 
et al. 1990; Petito et al. 1985). The vacuolization is 
not, however, confi ned to specifi c white matter tracts. 
Twenty to 55% of patients with AIDS have evidence 
of spinal cord disease consistent with VM. The exact 
cause of VM remains unclear. The pathogenesis of 
VM may be secondary to a combination of immune-
mediated myelin and oligodendrocyte injury, and si-
multaneous impairment of repair mechanisms due to 
a defi ciency of S-adenosylmethionine (SAM; Tan and 
Guiloff 1998). Published reports support an indirect 
relation between HIV and the pathogenesis of vacu-
olar myelopathy, peripheral neuropathy, and demen-
tia. Because of the overlap between these syndromes, 
it is not completely clear whether we are dealing with 
disease entities or parts of a spectrum of tissue dam-
age (Bergmann et al. 1993).

Clinically, patients present with slowly progres-
sive weakness of the lower extremities, gait disorder, 
sensory abnormalities in the legs, impotence in men, 
and urinary disturbances (Rocco et al. 2004). The 
diagnosis is based on the clinical course and exclu-
sion of other causes of myelopathy. The MR imaging 
fi ndings include bilaterally symmetrical increased 
signal intensity on T2WI, predominantly located in 
the lateral and dorsal parts of the cord (Fig. 22.12; 
Sartoretti-Schefer et al. 1997; Thurnher et al. 

2000). In one study symmetrical, triangular, high-
signal lesions were found within the gracile tract over 
several spinal segments, which correlated well with 
histopathologic fi ndings (Sartoretti-Schefer et al. 
1997). Since the infl ammatory component is missing 
in VM, the blood–brain barrier is not damaged, and 
no enhancement is present on postcontrast images.

The differential diagnosis includes HIV myelitis 
and herpes simplex or cytomegalovirus (CMV) ra-
diculitis, which is easily distinguishable from VM 
on MR imaging.

22.3.2 

Cytomegalovirus and Herpes Simplex

Cytomegalovirus and herpes simplex virus (HSV), 
both herpes viruses, are the most common viral 
agents that cause spinal infections. Between 40 and 
100% of individuals in the general population are 
seropositive for CMV. Almost all homosexual men 
with HIV are co-infected with CMV (Griffi ths 
2004). Cytomegalovirus is a common pathogen 
in AIDS patients, most often causing retinitis, 
pneumonia, or gastrointestinal infection. With 
the advent of highly active antiretroviral therapy 
(HAART), a signifi cant decrease in the rate of CMV 
disease has been reported (Palella et al. 1998). 
Cytomegalovirus infection may also involve the 
central and peripheral nervous system (Chimelli 
et al. 1990; Morgello et al. 1987; Said et al. 1991). 
Clinical CMV disease of the CNS accounts for less 
than 1% of all CMV manifestations.

Fig. 22.12a,b. Vacuolar myelopathy in a 
male HIV-positive patient with progres-
sive lower extremity weakness and urinary 
incontinence. His CD4 count was 20 cells/
mm2, and viral load level 100,000 copies/
ml. a On sagittal fl uid-attenuated inversion 
recovery MR image of the cervical spine 
hyperintensity without cord enlargement 
is demonstrated in the spinal cord. b Axial 
T2WI clearly shows typical lateral location 
of the HIV-associated lesions consistent 
with vacuolar myelopathy ba



536 M. M. Thurnher

Necrotizing polyradiculitis and myelitis of the 
spinal cord are pathologic forms of this infection 
in the spine (Chimelli et al. 1990, Morgello et al. 
1987). The CMV polyradiculitis presents with pro-
gressive weakness, hyporefl exia, urinary retention, 
and perianal sensory disturbances. Cerebrospinal 
fl uid analysis is usually nonspecifi c with fi ndings 
such as elevated protein level and cellular pleocy-
tosis with polymorphonuclear predominance (Ma-

hieux et al. 1989). Culture of the CSF for CMV is 
insensitive, and often negative. The introduction of 
CSF polymerase chain reaction (PCR) has allowed 
better characterization and improved diagnosis of 
CMV infection of the CNS.

The MR imaging fi ndings include enhancement 
and clumping of the nerve roots of the cauda equina 
and leptomeninges of the spinal cord, predominant-
ly in the region of the conus medullaris (Figs. 22.13, 
22.14; Bazan et al. 1991; Whiteman et al. 1994; 
Talpos et al. 1991; Thurnher et al. 2000). The dif-
ferential diagnosis for CMV polyradiculitis in AIDS 
patients includes lymphoma, HSV infection, distal 
symmetric polyneuropathy, and vacuolar myelopa-
thy. Enhancement pattern in patients with intradu-
ral extramedullary infl ammatory changes have also 
been seen in patients with leptomeningeal spread of 
tumor; thus, the MR fi ndings alone cannot differen-
tiate infection from tumor (Gero et al. 1991).

22.4 
Fungal Infections

Fungal infections of the spine are noncaseating in-
fections that occur primarily as opportunistic infec-
tions in immunocompromised patients. By far, the 
most frequent cause of fungal infections are Can-
dida species, followed by Aspergillus and others. 
In addition to being uncommon pathogens, fungal 
organisms are slow growing and diffi cult to identify 
by culture (Farkas 1986). These infections mainly 
present as discitis/osteomyelitis in the spine.

Most reviews of fungal spinal infections have in-
cluded a limited number of patients and short follow-
up. In one study, 11 patients with fungal osteomyelitis 
from three institutions in 16 years have been collect-

Fig. 22.13a–d. Cytomegalovirus (CMV) 
polyradiculopathy in a 39-year-old pa-
tient with AIDS with simultaneously 
present CMV retinitis. a,c On sagittal 
and axial T1-weighted MR images of the 
lumbar spine slightly increased signal 
of the CSF a and nerve roots clumping 
is present c. b,d Sheet-like enhancement 
around the conus medullaris (b, straight 
arrow) and enhancement of the cauda 
equina (b, curved arrows) is clearly 
shown on postcontrast image (d, arrow). 
The CSF analysis revealed increased cell 
count and positive PCR for CMV
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ed (Frazier et al. 2001). In 7 of 11 cases, the cause 
was Candida species. A case of spinal intramedullary 
abscess caused by Candida albicans was also pub-
lished (Lindner et al. 1995). These spinal infections 
may originate either from contiguous spread from 
an adjacent involved organ (lung), hematogenous 
spread from a distant focus, or iatrogenic inoculation 
(Saigal et al. 2004; Woods and Goldsmith 1990).

The incidence of invasive aspergillosis infection 
has been estimated at 12/1,000,000 per year. In one 
series, over a period of 20 years, 71 patients with 
invasive aspergillosis have been encountered; 42 
have shown CNS involvement, and only 2 had my-
elitis (Kleinschmidt-DeMasters 2002). Granu-
lomatous lesions are a result of contiguous spread, 
whereas hematogenous dissemination results in 
intramedullary abscess formation. Spread of the in-
fection from vertebral osteomyelitis to the epidural 
space with development of an extradural abscess is a 
rare manifestation (Vaishya and Sharma 2004).

The MR imaging features of fungal spondylodis-
citis are distinct from pyogenic osteomyelitis and 
include absence of disk hyperintensity and preser-
vation of the intranuclear cleft on T2WI (Williams 
et al. 1999). Hypointensity of the vertebral bodies 
on T1-weighted MR images was observed in three 
cases of fungal spondylodiscitis in posttransplant 
patients (Williams et al. 1999). Only minimal hy-

perintensity was present on T2WI, which was prob-
ably caused by the absence of an acute infl ammatory 
reaction that is usually present in immunocompe-
tent patients. None of the cases in this particular 
series showed high signal within the intervertebral 
disk on T2WI, which is typical of pyogenic infec-
tion. This could be attributable to factors inherent 
to fungi, including the presence of paramagnetic 
and ferromagnetic elements. The long-term clini-
cal outcome is not related to the specifi c species of 
fungus, but rather to the time between onset of the 
symptoms and treatment of the infection (Frazier 
et al. 2001). Recognition of the imaging character-
istics of fungal spondylitis should lead to prompt 
biopsy and infl uence management, especially in 
the immunocompromised host.

Recently, a case of epidural abscess in the cervi-
cal spine in a diabetic patient was published (Chi 
et al. 2003). The patient presented with a prolonged 
history of neck pain and progressive weakness, and 
surgical decompression revealed an Aspergillus fl a-
vus abscess. In another case of fungal discitis in a 
patient with lymphoblastic leukemia, Aspergillus 
terreus was isolated (Park et al. 2000). A case of tho-
racic intradural Aspergillus abscess formation fol-
lowing epidural steroid injection was also reported 
recently (Saigal et al. 2004). A spinal epidural ab-
scess as the initial appearance of aspergillosis has 

Fig. 22.14a–c. Viral arachnoiditis in a patient with Evans syndrome. a On 
sagittal T2WI of the lumbar spine no abnormality is shown. b,c Postcontrast 
T1WI in the sagittal and axial planes show enhancement of the nerve rootsba
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been reported in renal transplant recipients (Byrd 
et al. 1982; Ingwer et al. 1978). In two reports, epi-
dural abscess was the fi rst clinical manifestation of 
the Aspergillus infection in an AIDS patient (Woods 
and Goldsmith 1990; Go et al. 1993).

Coccidioidomycosis of the spine involves mul-
tiple vertebral bodies with sparing of the disks, and 
sometimes paravertebral soft tissue involvement 
(Sklar et al. 1993).

Blastomycosis may produce lytic vertebral lesions 
and perispinal infl ammation.

22.5 
Parasitic Infection

22.5.1 

Toxoplasmosis

Cerebral toxoplasmosis is the most common oppor-
tunistic infection of the CNS in AIDS patients. Spi-
nal cord Toxoplasma gondii infection occurs rarely 
in AIDS patients and is always associated with co-
existing cerebral infection. In one series, 7.3% of 55 
patients with AIDS patients had spinal cord toxo-
plasmosis (Thurnher et al. 2000). Clinical symp-
toms include weakness of the lower extremities and 

paralysis. In the majority of studies, an enhancing 
mass was described in the cord with low signal on 
T1WI and high signal intensity on T2WI (Fig. 22.15; 
Fairley et al. 1992; Harris et al. 1990; Mehren 
et al. 1988; Poon et al. 1992; Resnick et al. 1995; 
Thurnher et al. 2000). In one reported case of toxo-
plasmosis of the conus medullaris in a patient with 
hemophilia-associated AIDS, no abnormalities were 
present on T1WI or T2WI (Kayser et al. 1990); how-
ever, after gadolinium injection, a homogeneously 
enhancing lesion was detected in the conus without 
enlargement of the cord.

The correct diagnostic approach in intramedul-
lary lesions in HIV-positive patients is diffi cult and 
includes balancing the risks of surgery against em-
pirical treatment. Treatment experience with spinal 
toxoplasmosis remains limited, and the standard 
treatment for cerebral toxoplasmosis (long-stand-
ing suppressive treatment) considered satisfactory 
for controlling spinal cord disease.

22.5.2 

Cysticercosis

Cysticercosis is the most common parasitic infec-
tion, affecting the CNS with spinal involvement in 
0.7–5.9% of cases (Leite et al. 1997). All patients 
with spinal cysticercosis have cerebral involvement. 

Fig. 22.15a–c. Toxoplasmosis of the spinal cord. a On sagittal T2WI of the 
thoracic spine high signal intensity is present in the spinal cord extending 
multiple segments with slight enlargement of the cord. b,c On postcontrast 
images an intramedullary ring-like enhancing lesion extending one verte-
bral level laterally in the cord is shownba
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The infection is caused by Taenia solium larvae, and 
it is endemic in the developing countries of Latin 
America, Asia, and Africa.

The subarachnoid space is the most common 
location, with intramedullary involvement more 
rare, and an epidural location very rare. A patho-
logic classifi cation of spinal cysticercosis includes: 
(a) isolated spinal infestation; (b) spinal infestation 
with multifocal disease; (c) direct spinal extension 
of intracranial cysticercosis; and (d) cervical pachy-
meningitis with cord degeneration accompanying 
posterior fossa involvement (akiguchi et al. 1979). 
Clinical symptoms result from the mass effect of 
cysts or vasogenic edema. Patients with spinal cys-
ticercosis present with spastic paraplegia, bladder 
or bowel incontinence, pain, and sexual impotence 
(Parmar et al. 2001).

On MR imaging an intact cysticercus is seen as a 
cystic area that is isointense to CSF. The scolex is rec-
ognized as a mural nodule within the cyst. The cyst 
fl uid is clear as long as the parasite is alive. Periph-
eral enhancement will be present after the death of 
the parasite and an intense infl ammatory reaction of 
the host can then be seen. Empirical treatment with 
antihelminthic drugs for 2 months usually leads to 
complete recovery.
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Seronegative Spondylarthropathy 23

Claude Manelfe and Filip M. Vanhoenacker

23.1 
Introduction

Seronegative spondylarthropathy consists of a spec-
trum of chronic infl ammatory disorders that lack 
the presence of rheumatoid factor and are clearly 
distinct from rheumatoid arthritis.

Whereas rheumatoid arthritis involves predomi-
nantly the synovial joints, signifi cant abnormalities 
in the cartilaginous joints, entheses, as well as sy-
novial articulations are seen in spondylarthropathic 
processes (Resnick 2002b).

The age of onset ranges from 20 to 40 years, and 
the overall prevalence is estimated to be as high as 
0.2–2%, with ankylosing spondylitis (AS) and psori-
atic arthritis (PA) being the most prevalent. More-
over, both AS and PA may cause severe functional 
disability of the affected patients. 

Ankylosing spondylitis has a predilection for the 
axial skeleton, resulting in progressive stiffness, 
fl attening of the lumbar lordosis, and exaggeration 
of the thoracic kyphosis, together with a limitation 
in spinal fl exion (Levine et al. 2004). A peripheral 
polyarthritis with predilection for the lower limbs 
occurs less commonly.

Psoriatic arthritis may involve both the appendic-
ular and the axial skeleton and is characterized by a 
chronic course (Klecker and Weissman 2003). 

Other less frequent spondylarthropathies in-
clude:

Reiter’s syndrome
Enteropathic arthropathies
SAPHO (synovitis, acne, pustulosis palmoplan-
taris, hyperostosis and osteitis)

Generally, all spondylarthropathic disorders are 
characterized by several common features, includ-
ing (Table 23.1):

Disease onset in young adults (between 20 and 
40 years).
Infl ammation not limited to the synovial mem-
brane, but involving different target sites, includ-
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certain synovial joints, such as the apophyseal 
and sacroiliac articulations, especially in anky-
losing spondylitis, can be related to abnormali-
ties occurring at the capsuloligamentous attach-
ments, perhaps refl ecting another manifestation 
of enthesopathy (Resnick 2002b).
Involvement of both the axial and appendicular 
skeleton
Genetic predisposition (HLA-B27 antigen, famil-
ial occurrence)
Frequent association with extra-articular mani-
festations, including acute anterior uveitis, car-
diovascular involvement
Typical chronic disease course, resulting in a 
progressive functional disability in the worse sce-

�

�

�

�

K E Y - P O I N T S

Common features of seronegative spondylar-
thropathies:

Chronic infl ammatory disorders

Lack the presence of rheumatoid factor

Infl ammation involving:
The cartilaginous joints
Entheses
Synovial articulations

Involvement of both the axial and appen-
dicular skeleton

Onset in young adults

Genetic predisposition (HLA-B27 antigen, 
familial occurrence)

Frequent association with extra-articular 
manifestations

Chronic disease course

Age of onset ranges from 20 to 40 years

Overall prevalence is 0.2–2%

Most frequent:

Ankylosing spondylitis

Psoriatic arthritis

Reiter’s syndrome

Enteropathic arthropathies

SAPHO (synovitis, acne, pustulosis palmo-
plantaris, hyperostosis and osteitis)

�

�

�

�
–
–
–

�

�

�

�

�

�

�

�

�

�

�

�

�

Ankylosing spondylitis:

Young men

Genetic factor

Initially low back pain and/or sacroiliac pain

Leading to painful stiffening of the spine

Imaging:
Sacroiliac:

Blurring of the subchondral cortex, ero-
sions
Sclerosis
Ankylosis

Spine:
Especially thoracolumbar and lumbosacral
Spondylitis anterior (Romanus lesion)
Vertebral squaring
Andersson lesion
Ankylosis

Psoriatic arthritis

10–15% of patients with psoriasis

Age of onset 30–50 years

Cutaneous disease usually precedes joint 
disease

Usually oligoarticular, asymmetrical, DIP 
hands and feet, also PIP, MCP, and MTP

Symmetric sacroiliitis in 20%

Spondylitis in 20–40%, usually with periph-
eral disease

Resembles AS in the spine, but milder, bigger, 
and asymmetric syndesmophytes
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ing the entheses, synovial joints, as well as the 
cartilaginous joints (Fournie 1993; Godfrin et 
al. 2004; Resnick 2002b). Three pathological pro-
cesses, namely infl ammation, bony repair, and os-
sifi cation, will occur at these target sites, resulting 
in the radiopathological picture in the individual 
patient. These processes will be explained more in 
detail in the section on ankylosing spondylitis. As 
opposed to the situation in rheumatoid arthritis, 
however, the infl ammatory changes in spondylar-
thropathies are less intense. On the contrary, the 
hallmark of spondylarthropathy is a generalized 
enthesopathy in which the infl ammatory changes 
within the synovial joints may be secondary to 
enthesopathy. The proclivity to osseous fusion of 
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nario, accounting for 10% of cases. Many cases, 
however, are mild presenting with only pain, ten-
derness, and stiffness, with no other features

From an epidemiological point of view, differ-
ent prevalences of spondylarthropathy have been 
reported in different countries: Scotland, 0.2% 
(Steven 1992); Germany, < 1% (Braun et al. 1998); 
U.S., 0.2% ( Lawrence et al. 1998); China, 0.3%; 
and France ( Wigley et al. 1994), 0.5% (Saraux et 
al. 1999). Besides genetic predisposition (HLA-B27 
positive), numerous exogenous factors, such as in-
fectious etiology (human immunodefi ciency virus 
and associated infection of the gastrointestinal 
tract) and Arabic origin are exacerbating factors 
(Cuellar and Espinoza 2000; Solinger 2003).

23.2 
Ankylosing Spondylitis

23.2.1 

Defi nition and Epidemiology

Ankylosing spondylitis (AS) is a chronic, idiopathic, 
infl ammatory arthritis with a predilection for the 
axial skeleton. The prevalence has been estimated 
to be as high as 0.2–1.6% (Vinson and Major 2003). 
The disease is most common in young men, with 
an age of onset usually between 20 and 40 years. 
Men are more commonly affected than women, and 
the male/female ratio is estimated to be 4 to 1 (El-

Khoury et al. 1996). Moreover, radiographic chang-
es of AS are more pronounced in men and there 
has been concern that early AS is underreported in 
women, as the disease may be more subtle and more 
diffi cult to diagnose in women (El-Khoury et al. 
1996). Although the mode of inheritance remains 
unknown, there is a clear genetic component, with a 
strong association between AS and the HLA-B27 al-
lele (Barozzi et al. 1998; Olivieri et al. 1998). This 
histocompatibility antigen is expressed in up to 96% 
of patients with AS, although the exact role of HLA-
B27 in the pathogenesis of AS remains unknown 
(Vinson and Major 2003). Approximately 10% of 
HLA-B27-positive individuals ultimately develop 
the disorder (Haller and Hofmann 2001). Because 
the overall prevalence of HLA-B27 expression (9% 
of the general population) outnumbers largely the 
amount of affected patients, numerous exogenous 

factors, including infectious etiologies, have been 
suggested as inciting or exacerbating factors. 

The absence of HLA-B27 expression in an indi-
vidual patient does not exclude the diagnosis of AS. 

Various diagnostic criteria have been developed 
for AS and related disorders, including the modi-
fi ed New York Criteria, which combine clinical and 
radiological criteria in classifying and grading AS. 
Most of these criteria require decreased spinal mobil-
ity, decreased chest expansion, and radiographically 
evident sacroiliitis for the diagnosis of AS ( Resnick 
2002c; Van der Linden et al. 1984;  Vinson and  Major 
2003); however, many patients with early disease may 
fail to meet these criteria (Van der  Linden and Van 

der Heijde 1998;  Vinson and  Major 2003).

23.2.2 

Clinical Features

Classically, AS presents as an insidious onset of low 
back pain persisting for more than 3 months and as-
sociated with morning stiffness. Pain or tenderness 
over the gluteal or sacroiliac regions can be promi-
nent in the early phases of the disease. Other possible 
early clinical signs include chest pain and later mild 
to moderate reduction in chest expansion, owing 
to costovertebral and costosternal involvement. Pe-
ripheral articular manifestations, most commonly 
synovitis of hips or shoulders, are eventually seen 
in as many as 50% of patients, but are mild and 
overshadowed by more prominent manifestations 
in the central skeleton (Resnick 2002c).

The lower limbs are more frequently involved than 
the upper limbs. In 20–25% of AS patients, periph-
eral articular symptoms may precede axial manifes-
tations. Painful tendinopathy occurs in about 10% 
of patients (Haller and Hofmann 2001).

The complete picture of AS leads to a painful stiff-
ening of the entire spine, severe thoracic kyphosis, 

Table 23.1. Common features of spondylarthropathies

Onset in young adults

Infl ammation involving entheses, synovial joints, 
as well as the cartilaginous joints

Involvement of both the axial and appendicular skeleton

Genetic predisposition 
(HLA-B27 antigen, familial occurrence)

Frequent association with extra-articular manifestations

Chronic disease course
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and a rigid thorax. Associated extra-articular mani-
festations include acute anterior uveitis (25–30%), 
cardiovascular involvement, especially aortitis (10%), 
infl ammatory bowel disease, amyloidosis, and, occa-
sionally, pulmonary fi brosis ( Resnick 2002c).

23.2.3 

Laboratory Findings Other Than HLA-B27 

Antigen

Generally, laboratory parameters are not very useful 
in diagnosing or monitoring patients with AS. The 
erythrocyte sedimentation rate and C-reactive pro-
tein are frequently elevated during the active phase 
and may become normal in later phases of the dis-
ease (Resnick 2002c).

Results of serological tests for rheumatoid arthri-
tis and LE factors are characteristically negative, al-
though 1–2% of patients with AS may be positive for 
rheumatoid factor (Resnick 2002c).

23.2.4 

Basic Radio-Pathological Correlation

Three pathological processes, namely infl amma-
tion, bony repair, and ossifi cation, are at the  basis 
of the radiopathological changes of AS and may 
occur either consecutively or simultaneously in an 
individual patient (Fig. 23.1; Table 23.2). Different 
target sites, including the entheses and both the sy-
novial and the cartilaginous joints, can be involved 
(Table 23.3). Each basic histopathological process is 
refl ected by non-specifi c radiographic changes, oc-
curring at different target sites (Table 23.2).

Generally, the infl ammatory destruction presents 
as erosions on plain radiography, whereas subchon-
dral sclerosis and ligamentous ossifi cation are the 
radiological hallmarks of reactive bone formation, 
leading to ankylosis due to osseous bridging of the 
articulations. The different locations of the disease 
have quite characteristic radiographic features. The 
resulting radiographic picture will depend on the 
underlying histopathological processes. Destruc-
tion, subchondral sclerosis, and osseous ankylosis 
may exist in any combination and lead to the typical 
“variegated picture” of the disease.

23.2.5 

Conventional Radiographic Findings in 

Ankylosing Spondylitis

23.2.5.1 

Sacroiliac Joints and Pelvis

Sacroiliitis is the hallmark of ankylosing spondyli-
tis. Previous studies have shown that sacroiliitis is 
the earliest radiographic sign in 99% of cases of AS 
(Bennett et al. 2004; Dihlman 1985; El-Khoury 
et al. 1996). 

Although sacroiliitis alone is a non-specifi c fi nd-
ing and is not suffi cient for the diagnosis of AS, 
changes in the sacroiliac joints are considered ubiq-
uitous among patients with AS (El-Khoury et al. 
1996;  Vinson  and Major 2003).

Both the synovial and ligamentous (superior and 
posterior) portions of the joint are involved. Clas-
sically, the involvement is symmetric and bilateral 
(Taylor et al. 2004), but – particularly very early 
in the course of the disease – unilateral disease may 
occur.

The above-mentioned basic radiopathological 
processes contribute to the ultimate radiographic 
picture of sacroiliac joint involvement (Table 23.2).

Among the signs of sacroiliac inf lammation 
(Fig. 23.2) are blurring of the subchondral cortex 
with ill-defined articular contours and hazy struc-
ture of the subchondral cancellous trabeculae, re-
sulting in pseudodilatation of the joint (Dihlman 
1985). This finding is followed by the development 
of small, succinct erosions, giving the joint margin 
the appearance of the perforated edge of a post-
age stamp or a saw blade. Small erosions lined up 
one behind the other at corresponding sites of the 
ilium and the sacrum resemble a string of beads 
or rosary.

Fig. 23.1. Basic histopathological processes occurring consec-
utively or simultaneously. (From Lambrecht et al. 2005)
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Table 23.2. Basic histopathological features that occur in ankylosing spondylitis, and its radiologi-
cal counterparts (From Lambrecht et al. 2005)

Basic histopathological process Radiographic counterpart

Infl ammation Erosions, joint widening/dilatation, erosive 
fi bro-osteitis

Bony repair Sclerosis, productive fi bro-osteitis

Progressive ossifi cation Ankylosis

Table 23.3. Target sites for ankylosing spondylitis involvement of the axial skeleton (Modifi ed from 
Lambrecht et al. 2005)

Synovial joints Cartilaginous joints Entheses

Sacroiliac joints Discovertebral joints Spine: posterior and interspinous ligamentous 
attachments; Sharpey’s fi bers anteriorly

Facet joints Symphysis pubis Pelvis

Costovertebral 
joints

Manubriosternal 
joint

Shoulder

Atlanto-axial joint

Shoulder, hip

Fig. 23.2. Reactive bone proliferation at the sacroiliac joints. 
Infl ammatory changes at the sacroiliac joint. Blurring of the 
articular contours and hazy structure of the subchondral 
bone at the right sacroiliac joint, resulting in pseudodilata-
tion of the joint. On the left side typical erosions resembling 
the perforated edge of a postage stamp (1), a saw blade (2), 
and a rosary (3). (From Lambrecht et al. 2005)

The erosions usually develop earlier on the iliac 
than on the sacral side of the joint, possibly because 
the cartilage covering the sacrum is approximately 
twice as thick as that covering the ilium (1–4 mm vs 
0.5–2 mm; Vinson and Major 2003).

Reactive bone proliferation (Fig. 23.3) is seen ra-
diographically as sclerosis of the adjacent cancellous 

bone with a variable pattern (diffuse, band shaped, 
spotty, triangular). Ossifi cations of the joint cap-
sule and its reinforcing ligaments present as bony 
hooks below the linea terminalis and as a striated 
structure above this line, forming the so-called star 
sign at the superior border of the joint. In addition 
to the destruction of cartilage with narrowing of the 
joint space, slim bony bridges connecting the ilium 
with the sacrum enlarge and become fused with one 
another, resulting in complete bony ankylosis. Ra-
diographically, parts of the articular contour that 
remain visible following the advent of ankylosis are 
described as “phantom joint.”

The simultaneous triad of sacroiliac destruction, 
sclerosis, and discrete ankylosis refl ects a mode of 
reaction that is characteristic of AS and is described 
on plain radiography as the “variegated sacroiliac 
picture” (Fig. 23.4; Dihlman 1985; Lambrecht et 
al. 2005).

Early sacroiliac changes can be occult on plain ra-
diography with plain radiographic fi ndings of sacro-
iliitis lagging behind the clinical fi ndings by several 
years (Resnick and Shields 1994). Because an early 
diagnosis of AS allows an earlier start of appropri-
ate treatment, other imaging techniques, namely CT 
and MRI, have been proposed for the evaluation of 
the sacroiliac joints (Vinson and Major 2003).

Other changes in the pelvis may be associated 
with the changes in the sacroiliac joints. Ossifi ca-
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Fig. 23.3a. The variable appearance of reactive bone proliferation. Different types of subchondral sclerosis on the iliac and sacral 
side of the right sacroiliac joint: band-like (1); triangular (2); and spotty (3). At the left joint there are different types of ossifi ca-
tion according to the location toward the linea terminalis. Above the linea terminalis a striated appearance (4) is seen, resulting 
in a star sign (5) at the upper part of the joint. There are hook-like bony projections (6) below the linea terminalis, at the inferior 
part of the joint. There are bony bridges (7) across the joint, resulting in complete ankylosis of the joint, sometimes appearing as 
a phantom joint (8). b Standard radiograph of the sacroiliac joints, demonstrating bilateral ankylosis. Note the “phantom sign” 
at the inferior part of the joint (white arrow). Ankylosis of the facet joints gives rise to the “trolley-track sign” (arrowheads). 
Ossifi cation of the interspinous ligaments are seen as the “dagger sign” (arrowhead). Bilateral “star-sign” (black arrows) due to 
ossifi cation of capsuloligamentous structures at the superior part of the sacroiliac joint. (From Lambrecht et al. 2005)

a b

Fig. 23.4a,b. “Variegated sacroiliac picture.” a Schematic drawing. b Anteroposterior radiograph of bilateral variegated 
sacroiliitis. Erosive and hazy subchondral cortex on the right side (small arrow), subchondral sclerosis (arrowhead), and 
beginning ankylosis with bony bridges (arrow) on the left side. (From Lambrecht et al. 2005)

a b

tion and/or erosion of the ligamentous attachments 
to the iliac crest and ischial tuberosities leads to the 
so-called whiskered appearance. The pubic symphy-
sis are involved in 23% of patients with AS (Vinson 
and  Major 2003), with small succinct erosions and 
adjacent sclerosis, followed by total ankylosis.

23.2.5.2 

The Spine

Abnormalities of the spine can be seen at the disco-
vertebral junctions, apophyseal joints, costoverte-
bral joints, posterior ligamentous attachments, and 
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atlantoaxial joints. Classically, changes are initially 
noted at the thoracolumbar and lumbosacral junc-
tions. Spinal extension to the midlumbar, as well as 
the upper thoracic and cervical vertebrae, occurs 
with disease progression but may be arrested at any 
stage (Resnick 2002c).

During the course of AS, the spine may present 
destructive changes as well as features due to bone 
proliferation and ankylosis.

There is a spectrum of infl ammatory and destruc-
tive lesions of the spine in AS that predominantly 
involves the cartilaginous discovertebral junction. 
One of the earliest plain-fi lm fi ndings of spinal in-
volvement, typically seen at vertebrae T10 through 
L2, is the so-called Romanus lesion, also known as 
spondylitis anterior (Fig. 23.5). Infl ammation (active 
enthesitis and fi bro-osteitis) at the attachments of the 
outer fi bers of the annulus fi brosus and longitudinal 
ligaments at the vertebral body causes small erosions 
at the anterosuperior and anteroinferior vertebral 
body corners (Ball 1979). Less frequently, this defect 
is seen at the posterior vertebral body corners. As the 
erosions heal, reactive sclerosis produces a “shiny-
corner” confi guration ( Aufdermaur 1989). 

Bony proliferation in the connective tissue between 
the anterior longitudinal ligament and the anterior 
surface of the vertebral body fi lls the concavity of the 
anterior vertebral surface. In combination with osse-
ous erosion of the vertebral body rim, this results in 
a fl attened or even convex anterior surface, creating 
a squared or barrel-shaped contour (Fig. 23.5). The 
“squaring phenomenon” is best identifi ed on a lat-
eral view of the lumbar spine, because a straightened 
anterior contour also occurs as a normal variant in 
the cervical and thoracic spine (Dihlman 1985).

Further along the spectrum of destructive dis-
covertebral lesions are the Andersson lesions. Two 
types have been described. Andersson lesion type A 
is an infl ammatory reaction with focal destruction 
of the intervertebral disc and the adjacent vertebral 
endplates, characterized histologically by herniation 
or invasion of disc material through the vertebral 
endplate. Plain-fi lm radiographs characteristically 
show disc-space narrowing (usually), a circum-
scribed defect in the neighboring vertebral bodies 
or irregularities along the endplates, and a wide area 
of reactive sclerosis in the surrounding cancellous 
bone (Vinson and Major 2003). Differentiation 
from mechanically induced “erosive” osteochon-
drosis, which has a predilection for L4–S1, is some-
times diffi cult (Haller and Hofmann 2001). The 
“infl ammatory type” develops primarily during the 
fi rst 9 years of the disease and may be asymptomatic 
or cause acute (Dihlman 1985) focal back pain that, 
in contradiction to the typical pattern of AS pain, 
worsens with movement (Vinson and Major 2003).

The “noninfl ammatory” type B usually develops 
later in the evolution of the disease, after ankylosis 
has occurred. The ankylosed spine is vulnerable to 
fracture. The type-B Andersson lesion is thought to 
be a pseudarthrosis following a discovertebral frac-
ture of the demineralized and extensively ossifi ed, 
stiff axial skeleton (Haller and Hofmann 2001). It 
is usually located at the thoracolumbar or cervicotho-
racic junction, around an area of skipped ossifi cation 
which has become the single point of motion in the 
entire spine and therefore undergoes degeneration 
with extensive, irregular destruction of the vertebral 
end plates extending into the subchondral bone of 
two neighboring vertebral bodies. Alternatively, it 

Fig. 23.5a,b. Radiographic appearance of anterior corner osteitis (Romanus lesion). a The in-
fl ammatory process and reactive sclerosis at the anteroinferior and anterosuperior corner of the 
vertebral bodies. The evolution from a normal vertebral body to a squared or barrel-shaped ap-
pearance is illustrated. b Lateral radiograph of the lumbar spine demonstrates several Romanus 
lesions at the anterior corners; some are completely sclerotic (shiny corner; arrow), others consist 
of a small erosion with surrounding sclerosis (small arrow). At the level of L3 and L4 there is ex-
tension of bone formation along the anterior margin of the vertebra resulting in a barrel-shaped 
appearance (arrowhead). (From Lambrecht et al. 2005)

a

b
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may develop around an area of true fracture through 
the ankylosed apophyseal joints. On plain-fi lm ra-
diographs, there is destruction of the entire disco-
vertebral junction with a normal or widened disc 
space and reactive sclerosis in the adjacent vertebral 
bodies (Vinson and Major 2003). The radiographic 
fi ndings may mimic infectious spondylodiscitis or a 
neuropathic spine (Bennett et al. 2004).

Morphologically, Cawley et al. (1971, 1972) classi-
fi ed the lesions into three types: (a) those that involve 
the central portions of the discovertebral junc-
tion and are covered by the cartilaginous endplate 
(type I); (b) those that involve the peripheral portions 
of the discovertebral junction and are not covered by 
the cartilaginous endplate (type II); and (c) those that 
involve both the peripheral and the central portions 
of the discovertebral junction (type III). Type-I and 
type-II lesions may occur in the early or late stages of 
the disease, whereas type-III lesions are infrequently 
observed without spinal ankylosis (Jajic et al. 1982; 
Rasker et al. 1996; Rivelis and Freiberger 1969). 
Type-III lesions are believed to represent a “nonin-
fl ammatory” type-B lesion, in which trauma, rather 
than infl ammation, is the major factor in the produc-
tion of these lesions (Fang et al. 1988;  Pastershank 
and Resnick 1980;  Resnick 2002c). The pathoge-
nesis of type-I and type-II lesions is still debated. 
Both infl ammatory factors (enthesopathy at the 
anterior or posterior corners in type-II lesions) or 
noninfl ammatory mechanical factors (cartilaginous 
node formation aggravated by osteoporosis, kypho-
sis, or instability from apophyseal joint disease in 
type-I and type-II lesions) may be etiological factors 
( Resnick 2002c).

Localized endplate defects accompanying Ander-
sson lesions may mimic simple intravertebral her-
niations of Schmorl, but their delineation is usually 
more irregular and accompanied by more extensive 
adjacent reactive changes of the subchondral bone 
(Cawley et al. 1971).

The frequency of Andersson lesions in AS patients 
is estimated to be between 2.7 and 28% (Bennett et 
al. 2004; Vinson and Major 2003).

The erosive vertebral abnormalities are associ-
ated with bone formation. Ossifi cation fi rst takes 
place in the outer portion of the annulus fi brosus, 
where Sharpey’s fi bers attach to the vertebral body. 
This ossifi cation will extend from Sharpey’s fi bers 
along the deep layers of the longitudinal ligaments, 
forming initially thin, vertical outgrowths along the 
contour of the disc. These syndesmophytes ossify 
one vertebral body to the adjacent vertebral body in 

a succinct fashion (Fig. 23.6a,b). The disc spaces are 
generally preserved. With disease progression, the 
syndesmophytes thicken (Fig. 23.6c) and involve the 
anterior longitudinal ligament and paravertebral 
soft tissues. The end result is the so-called bamboo 
spine (Fig. 23.7; Haller and Hofmann 2001). Syn-
desmophytes must be differentiated from vertebral 
osteophytes which are (sub)marginal ossifi cations 
caused by disk degeneration and grow horizontally. 

Disuse osteoporosis of the spine may result from 
immobilization due to ankylosis. Decreased nutrition 
of the intervertebral disk may promote premature 
disk calcifi cation in late stage disease. Furthermore, 
due to osteoporotic deformity of the vertebral body, 
the intervertebral disc appears biconvex, better 
known as “discal ballooning” (Fig. 23.7b).

Other target locations in the spine are summa-
rized in Table 23.3 and are reviewed briefl y.

The apophyseal joints may demonstrate erosions 
due to infl ammation and reactive bone formation 
with subchondral sclerosis and ankylosis. Narrow-
ing and osseous fusion of these joints can be ap-
parent on standard radiography. Especially in the 
cervical spine, apophyseal joint ankylosis can be 
very striking (Fig. 23.8). 

On the other hand, the triad of erosion, sclerosis, 
and ankylosis is more diffi cult to demonstrate on 
standard radiographs at the level of the costover-
tebral joints, because of superposition of adjacent 
structures.

Like in rheumatoid arthritis, infl ammatory 
changes of the synovial and adjacent ligamentous 
structures in the atlantoaxial articulations can lead 
to erosions of the dens (Fig. 23.8) and even, although 
much less frequently, to atlantoaxial subluxation 
(Resnick and Shields 1994).

Enthesitis of the posterior ligamentous attach-
ments of the spine leads to subligamentous erosion 
and ossifi cation. On frontal radiographs ossifi cation 
of the supraspinous and interspinous ligaments can 
be seen as a single central radiodense line, known 
as the “dagger sign” (Fig. 23.3b). Ossifi cation of the 
apophyseal joint capsules forming two vertical ra-
diodense lines lateral to this central line is apparent 
as the “trolley-” or “tram-track sign” on frontal view 
(Bennett 2004).

23.2.5.3 

Other Joints

Besides the axial skeleton and the pelvis, shoulders 
and knees are the most commonly involved joints, 
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but virtually every joint can be affected. The cal-
caneus is the most common site of extra-axial en-
thesopathy. Radiographically, these enthesopathies 
appear as whisker- and blister-like fi bro-osteoses, 
serrated contour irregularities, and erosions.

23.2.6 

Scintigraphy

Evaluation of sacroiliac, spinal, and peripheral ab-
normalities in AS with scintigraphy has been at-
tempted with varying degrees of success (Resnick 
2002c). At any location, an abnormal scintigraphic 
tracer uptake is not very specifi c, and accurate di-

agnosis necessitates correlation with clinical and 
imaging studies (Resnick 2002c).

Focal areas of augmented radionuclide accumula-
tion in the spine usually indicate the site of an acute 
fracture or chronic “pseudarthrosis” ( Gaucher et al. 
1987), and the exact diagnosis can then be substanti-
ated by plain fi lms and CT scan (Resnick 2002c).

Moreover, scintigraphy lacks sensitivity, and even 
in patients with advanced disease of the sacroiliac 
joints and the spine (Godfrin et al. 2004), radionu-
clide uptake may be normal (Resnick 2002c). This 
poor sensitivity, which does not apply for peripheral 
enthesopathies, is attributed to the superposition 
of different anatomical structures (Bollow et al. 
1995); therefore, scintigraphy is not advocated as a 

Fig. 23.6a–c. Typical radiographic appearance of syndes-
mophytes. a Anteroposterior view of an early-phase syndes-
mophyte. b Lateral tomograph of an early phase syndesmo-
phyte. Presence of thin lateral outgrowths (a) and anterior 
outgrowths (b), extending in a vertical fashion from one 
vertebral body to another. In the early stage, those thin 
outgrowths represent ossifi cations of the annulus fi brosus 
itself. c Lateral radiograph of the thoracic spine. Ankylosed 
spine with more advanced syndesmophyte formation, in 
which the ossifi cation process has spread to the anterior 
longitudinal ligament

a

b

c
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Fig. 23.8 Ankylosing spondylitis of the cervical spine. Lat-
eral spot view of the upper cervical spine. Severe osteopo-
rosis due to longstanding ankylosis with very striking os-
sifi cations of the facet joints. There are also erosive changes 
and concomitant sclerosis at the dens axis, resulting in an 
increased atlanto-dental distance. (From Lambrecht et al. 
2005)

Fig. 23.7a,b. Late-stage ankylosing spondylitis. a Anteropos-
terior view of the lumbar spine. Multiple syndesmophytes 
bridging adjacent vertebral bodies. Note also ankylosis of 
the facet joints and ossifi cation of the interspinous liga-
ments, resulting in a “trolley-track” (combining a central 
“dagger” sign and a peripheral tram-like track). b Lateral 
view of the lumbar spine in a second patient. Severe osteo-
porosis of the vertebral bodies with discal calcifi cations 
in a completely ankylosed so-called bamboo spine. (From 
 Lambrecht et al. 2005)

ba

useful screening tool in the assessment of axial in-
volvement of AS.

23.2.7 

Computed Tomography

Because of the diffi culty in detecting early changes 
in the sacroiliac joints on plain fi lm, CT has been 
advocated to delineate early sacroiliitis. Results, 
however, are confl icting (Resnick 2002c). Inter-
pretation of CT scans must be accomplished by a 
knowledgeable radiologist who is well aware of the 
normal variations of the sacroiliac joint that can 
simulate infl ammation (Resnick 2002c).

Other indications for CT scan are areas that are 
diffi cult to evaluate on plain radiography. Abnor-
malities of the facet, costovertebral, costotrans-
verse, and atlantoaxial joints can be documented by 

CT (Levine et al. 2004). Computed tomography is 
also superior in the assessment of spinal fractures, 
spinal stenosis due to ossifi cation of the ligamenta 
fl ava, and thecal diverticula (Resnick 2002c). A CT 
scan, however, is not very accurate for early detec-
tion of Romanus lesions. In general, therefore, the 
value of CT scan is limited.

23.2.8 

Magnetic Resonance Imaging

23.2.8.1 

Sacroiliac Joints

The presence of subchondral bone marrow edema 
on fl uid-sensitive sequences in the sacroiliac joints 
is very suggestive for early sacroiliitis (Levine et al. 
2004; Wittram et al. 1996; Yu et al. 1998).
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Recent studies have focused on the benefi ts of us-
ing dynamic enhanced MRI for early detection of 
sacroiliitis (Bollow et al. 1995). Findings charac-
teristic of AS include loss of the normal thin band of 
intermediate signal intensity representing cartilage 
on T1-weighted images, with replacement by a zone 
of heterogeneous mixed signal intensity, showing 
enhancement after gadolinium contrast administra-
tion. Dynamic enhanced MRI demonstrates distinct 
and rapid contrast enhancement of the joint space, 
in which both the degree and the rate of enhance-
ment correspond to the severity of the infl ammation 
(Bollow et al. 1995). The routine use of gadolinium 
is not required for diagnosis in all patients (Levine 
et al. 2004).

Erosions are shown as foci of high signal intensity 
in the subchondral bone, whereas subchondral scle-
rosis is seen as low signal intensity on all sequences 

(Fig. 23.9). In advanced disease, ankylosis can be 
noted as continuity of the medullary bone across the 
obliterated joint space (Levine et al. 2004).

23.2.8.2 

The Spine

The typical MR appearances of an early vertebral 
osteitis (Romanus lesion) consists of low signal 
intensity on T1-weighted images, with marked 
contrast enhancement after gadolinium contrast 
administration and high signal intensity on T2-
weighted images (Fig. 23.10) (Jevtic et al. 2000). 
These features are thought to refl ect edema and 
hyperemia of infl ammation, due to active enthesi-
tis and osteitis at the attachments of the annulus 
fi brosis and longitudinal ligaments, where the disc, 
the anterior ligament, and the vertebral body meet 

Fig. 23.9a–c. The MRI appearance of established sacroiliitis. 
a Coronal oblique spin-echo T1-weighted image. b Coronal 
oblique fat-suppressed fast spin-echo T2-weighted image. 
c Coronal oblique spin echo T1-weighted image with fat sup-
presion after intravenous gadolinium contrast administra-
tion. Areas of subchondral sclerosis are hypointense on all 
pulse sequences. Erosions are hyperintense on T2-weighted 
image. Furthermore, extensive bone marrow edema is seen 
parallel to the sacroiliac joints

a
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(Levine et al. 2004). Magnetic resonance imaging is 
more sensitive than conventional radiography as an 
indicator of early infl ammatory changes at the ver-
tebral body corners (Levine et al. 2004; Vinson and 
Major 2003).  According to some authors, vertebral 
enthesitis resembles peripheral enthesitis and these 
signal changes on MRI may be observed in absence 
of clinical or radiographic evidence of AS (Marc et 
al. 1997; Rasker et al. 1996).

In the healing phase of enthesitis with plain ra-
diographic evidence of marginal syndesmophyte 
formation, MRI shows high signal intensity at the 
vertebral corners on T1- and T2-weighted images 
with no signifi cant contrast enhancement, thought 
to represent yellow marrow accumulation (Levine 
et al. 2004; Oostveen and van de Laar 2000).

Some discovertebral junctions display low signal 
intensity on T1- and T2-weighted images, likely due 
to marginal osteosclerosis (Jevtic et al. 2000). 

Further along the spectrum of discovertebral dis-
eases are the more destructive lesions, such as An-
dersson lesions. As discussed previously, three types 
are distinguished:

Type I shows central focal endplate destruction 
with intraosseous disc herniation and associated 
reactive endplate changes, the nature of which 
depends on the age of the lesion (Levine et al. 
2004). In the relatively acute stage, marrow edema 

�

is identifi ed, with enhancement after intravenous 
gadolinium contrast administration (Fig. 23.11). 
Type-II lesions are located more at the periphery 
of the discovertebral junction. 
Type-III lesions involving both the central and the 
peripheral portions may be diffi cult to differenti-
ate from infectious spondylodiscitis (Fig. 23.12). 
The absence of an anterior paraspinal soft tissue 
mass and the predominant low signal intensity 
of the intervertebral disc on T2-weighted images 
(with only possible minor areas of high signal in-
tensity adjacent to vertebral erosions) indicate a 
noninfectious Andersson lesion.

Disc calcifi cations in patients with AS are tradi-
tionally believed to cause low signal on all sequences; 
however, some patients with long-standing disease 
show foci of increased signal intensity within the 
disc on T1-weighted images. This hyperintensity 
of the calcifi ed discs is thought to be related to the 
physical structure of the calcium deposits (Levine 
et al. 2004; Tyrell et al. 1995). Moreover, high sig-
nal intensity areas on T2-weighted images have been 
described within calcifi ed discs (Tyrell et al. 1995). 
Here, the absence of associated vertebral marrow 
changes and correlation with plain radiography is 
the clue in the differential diagnosis with infectious 
spondylodiscitis.

�

�
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Fig. 23.10a–c. The MRI appearance of a Romanus lesion. a Sagittal fast spin-echo T2-weighted image. b Sagittal spin-echo 
T1-weighted image. c Sagittal spin-echo T1-weighted image after intravenous gadolinium contrast administration. Note 
focal anterior corner destruction and associated bone marrow edema at the thoracolumbar junction. There is contrast 
enhancement of the anterior corner lesions



  Seronegative Spondylarthropathy 555

Other potential applications of MRI in the assess-
ment of spinal AS are involvement of the facet, cos-
tovertebral, and costotransverse joints, and spinal 
stenosis due to involvement of the ligamenta fl ava. 
Involvement of the small joints of the spine is dem-
onstrated on MRI initially as subchondral edema, 
which progresses to sclerosis and eventually to 
ankylosis (Levine et al. 2004). Involvement of the 
ligamenta fl ava, as well as the interspinous and su-
praspinous ligaments, may initially result in thick-
ening of these structures. Later, ossifi cation results 
in increased signal intensity on all sequences cor-
responding to fatty bone marrow signal character-
istics (Levine et al. 2004).

Magnetic resonance imaging is also the preferred 
imaging technique for the assessment of specifi c spi-
nal complications of AS, such as fractures, vertebral 
pseudarthrosis, and cauda equina syndrome

The AS patients are particularly susceptible to 
fracture as a consequence of their spinal rigidity and 
osteoporosis (de Peretti et al. 2004; Devogelaer 

et al. 1992; Koivikko et al. 2004; Pedrosa et al. 
2002). Fractures through the disc space, the weakest 
point in the ankylosed spine, are the most common, 
especially in the cervical spine.

Although CT is still preferred for identifying the 
site and extent of fractures, MRI is invaluable in the 
evaluation of (paravertebral) hematoma, disrup-
tion of ligamentous structures, the intervertebral 
disc, vertebral bone marrow edema, and associated 
spinal cord injury (Fig. 23.13). Catastrophic spinal 
cord injuries include hemorrhagic cord contusion, 
intramedullary hematoma, and complete cord tran-
section.

Posttraumatic cord contusion may even occur in 
the absence of overt fracture (Levine et al. 2004).

Cauda equina syndrome is a rare complication 
of AS, the mechanism of which remains unclear 
(Mitchell et al. 1990). Magnetic resonance imag-
ing shows widening of the dural sac with arachnoid 
diverticula. Posterior vertebral body erosion may be 
an associated fi nding (Levine et al. 2004).

ba c

Fig. 23.11a–c. Type-1 and type-2 discovertebral lesions of Andersson. a Lateral radiograph. b Sagittal spin-echo T1-weighted 
image. c Sagittal fast spin-echo T2-weighted image. The plain radiograph (a) shows typical multifocal osteitis at the anterior 
corners of the lower thoracic vertebrae. Radiographically, there is erosion and reactive sclerosis. Note a more extensive lesion 
at the midthoracic spine, in which there is a more uniform irregular delineation of the end plates and associated narrowing 
of the disc space. On MRI (b, c), both central (type 1) and peripheral (type 2) discovertebral lesions are seen. Type-1 lesions 
demonstrate intraosseous disc herniations (Schmorl’s nodes). Note also the presence of bone marrow edema on both sides 
of the disc space
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Fig. 23.12a–d. Type-3 discovertebral lesions of Andersson. a Sagittal spin-echo T1-weighted image. b Parasagittal spin-echo 
T1-weighted image. c Sagittal fast spin-echo T2-weighted image. d Sagittal spin-echo T1-weighted image with fat suppression 
after gadolinium contrast enhancement. Type-3 lesions involve both the central and peripheral portions of the discovertebral 
junctions. Note extensive contrast enhancement of the lesions

b da c

Fig. 23.13. Thoracic fracture through the disc space in an 
ankylosed spine. Sagittal fast spin-echo T2-weighted image, 
demonstrating a fracture through the disc space, extending 
posteriorly through the ossifi ed interspinous ligaments. There 
is focal narrowing of the spinal canal. Note an associated 
type-3 destructive discovertebral lesion on an adjacent level

Atrophy of the paraspinal muscles may also be 
readily identifi ed on CT and MRI in longstanding 
AS, and is believed to be secondary to limitation of 
mobility (Vinson and Major 2003).

23.2.8.3 

Role of MRI in Diagnosis and Management of AS

Magnetic resonance imaging may enable early diag-
nosis of spinal manifestations of AS by an increased 
sensitivity for identifi cation of early-stage sacroili-
itis or vertebral osteitis.

Magnetic resonance imaging is also superior to 
other imaging techniques for differential diagnosis 
of Andersson lesions vs infectious spondylodiscitis 
and in the evaluation of most acute and chronic spi-
nal complications of AS.

Also, MRI has been used to assess the effect of 
tumor necrosis factor alpha block with drugs in the 
management of acute infl ammatory lesions (Braun 
et al. 2003; Marzo-Ortega et al. 2001).
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23.3 
Psoriatic Arthritis

23.3.1 

Defi nition and Epidemiology

Psoriatic arthritis (PA) is a seronegative spondyl-
arthropathy that occurs in 10–15% of people with 
psoriasis. For many years the joint abnormalities as-
sociated with psoriasis were considered to be part of 
the spectrum of rheumatoid arthritis. Since 1964 the 
disease has been defi ned as a separate and distinct 
articular disorder by the American Rheumatism As-
sociation (Helliwell and Wright 1994).

Psoriatic arthritis can affect synovial and carti-
laginous joints and sites of tendon and ligament at-
tachment to bone in both the appendicular and the 
axial skeleton. In this regard, it is similar to Reiter’s 
syndrome and AS, and differs from rheumatoid ar-
thritis, in which signifi cant alterations of cartilagi-
nous and tendinous attachments are less frequent 
(Resnick 2002a).

The usual age of onset is between 30 and 50 years 
(Klecker and Weissman 2003). Cutaneous disease 
commonly precedes joint disease by months or years. 
In 15% of cases skin abnormalities and articular dis-
ease coincide, and in 10% arthritis antedates skin 
disease (Martel et al. 1980). Men and women are 
equally affected (Klecker and Weissman 2003).

The pathogenesis of the disease is not com-
pletely understood. A familial occurrence has 
been described, and histocompatibility typing in 
patients with psoriatic arthritis has revealed a 25–
60% incidence of HLA-B27 antigen (Klecker and 
 Weissman 2003; Moll and Wright 1973; Moll 
1979;  Schumacher et al. 1978).

AIDS has been associated with severe exacerba-
tion of rapidly evolutive and therapy resistant PA 
(Cuellar and Espinoza 2000; Solinger 2003).

23.3.2 

Clinical Features

In order of frequency, Moll and Wright (1973) 
described fi ve broad clinical categories of PA:

Type 1: The most common form (70%) presents 
as oligoarticular, asymmetrical involvement, fi rst 
appearing in the distal interphalangeal joints of 
the hands and feet. The interphalangeal, metacar-
pophalangeal, and metatarsophalangeal joints are 

�

asymmetrically involved. The so-called sausage 
digit is associated with this group.
Type 2 resembles rheumatoid arthritis with mul-
tiple joint involvement frequently of the hands, 
knees, ankles, and feet but in an asymmetri-
cal fashion. It accounts for 15% of PA. Systemic 
symptoms such as fever, weight loss, fatigue, and 
anemia may be present. The fi nal deformity, how-
ever, is usually less extensive, and the laboratory 
fi ndings characteristic of rheumatoid arthritis are 
absent.
Type 3 consists of patients with a deforming type 
of arthritis with widespread ankylosis and, occa-
sionally, “arthritis mutilans” (accounting for 5% 
of PA).
Type 4 is a polyarthritis characterized by pre-
dominant involvement of the distal interphalan-
geal joints (5% of cases).
Type 5: The predominant feature in this category 
is sacroiliitis and spondylitis resembling ankylos-
ing spondylitis (5% of cases).

In daily clinical practice, this classifi cation is 
diffi cult to handle. Moreover, the most common 
presentation is that of polyarthritis, often mimick-
ing rheumatoid arthritis (Helliwell et al. 1991; 
 Taylor et al. 2004). The prognosis is variable but 
often better than rheumatoid polyarthritis.

Other clinical features are the typical macular or 
papular rash with characteristic silver scales pre-
dominantly located over the extensor surfaces. Nail 
abnormalities and ocular manifestations occur fre-
quently as well.

23.3.3 

Conventional Radiographic Findings of PA

23.3.3.1 

Sacroiliac Joints and Pelvis

The sacroiliac joints are affected in 20% of patients 
with PA (Moll 1979). The sacroiliitis accompany-
ing psoriasis is usually bilateral and symmetrical. 
Although asymmetrical or unilateral involvement 
is uncommon, this feature may help in the differ-
ential diagnosis with AS; in the latter, sacroiliac 
joint changes are always symmetrical (Helliwell 

and Wright 1994; Resnick 2002a; Schumacher 
et al. 1978). The radiographic picture resembles 
AS, but ankylosis is much less common than in AS 
( Klecker and Weissman 2003).

�

�

�

�
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23.3.3.2 

The Spine

Spondylitis is uncommon in the absence of sacroili-
itis. Approximately 5% of patients with PA have ex-
clusive spine involvement. Spinal involvement with 
one of the forms of peripheral joint disease is more 
common and seen in 20–40% of patients (Klecker 
and Weissman 2003).

Although spinal manifestations of PA resemble 
those seen in AS, there are some features that may 
distinguish spinal PA from AS.

Firstly, PA is characterized by a progressive non-
contiguous involvement of the spine, and its disease 
course is milder compared to AS (Moll and Wright 
1973).

Secondly, the paravertebral ossifi cations seen in 
PA differ from the syndesmophytes of AS and spon-
dylitis in infl ammatory bowel disease. Indeed, they 
are of bigger size, and have a unilateral or asym-
metrical distribution. These arise typically beyond 
the margin of the vertebral body, and are therefore 
designated as nonmarginal paravertebral ossifi ca-
tion or parasyndesmophytes.

The large and bulky aspect of these overgrowths 
may refl ect the process of extensive bone prolifera-
tion, which is the hallmark of PA. The nonmarginal 
bridging occurs in a random, asymmetrical fashion 
and is most common in the thoracolumbar spine, 
usually sparing the lumbar spine (Klecker and 
Weissman 2003). These outgrowths occasionally 
involve the cervical spine (Fig. 23.14).

The paravertebral ossifi cations may resemble 
diffuse idiopathic skeletal hyperostosis (DISH), 
also known as Forrestier’s disease (Helliwell and 
Wright 1994).

Occasionally, however, the slender, central and 
symmetric outgrowths in PA are identical to the syn-
desmophytes of ankylosing spondylitis. In addition 
to the pattern and distribution of bony outgrowths, 
other features of PA differ from those in classic AS.

In PA there is relative sparing of the apophyseal 
joints (Klecker and Weissman 2003). According 
to some investigators, the large size of the paraver-
tebral ossifi cations in PA is due to less involvement 
of the apophyseal joints. Indeed, the relatively nor-
mal posterior spinal mobility leads to greater ten-
sile forces anteriorly and promotes paravertebral 
infl ammation and bone formation (De Vlam et al. 
1996; Resnick 2002a).

Furthermore, osteitis and squaring of the ante-
rior surfaces of the vertebral bodies are relatively 

infrequent in PA. Discovertebral erosions in the tho-
racolumbar spine are rare in PA compared with AS 
(Resnick 2002a).

In psoriatic spondylitis of the cervical spine, ero-
sions may arise anywhere along the surface of the 
vertebral body, the apophyseal joints, or the spinous 
processes.

Anterior ligament calcifi cation has been seen in 
19% of radiographs of patients with PA (Klecker 
and Weissman 2003).

Atlanto-axial subluxation may be associated with 
sclerosis and erosion of both the dens and the arch of 
the atlas (Klecker and Weissman 2003; Lassoued 
et al. 1989).

23.3.4 

Imaging Other Than Plain Radiography

The use of MRI in PA has received little emphasis 
(Resnick 2002a). Generally, MRI could be a useful 
imaging tool for early detection of spinal and sac-
roiliac manifestations by demonstrating bone mar-

Fig. 23.14. Psoriatic arthritis of the cervical spine. Lateral 
radiograph. The vertical syndesmophytes at the anterior 
 aspect of the spine are larger than those seen in ankylosing 
spondylitis. There is fusion of most of the visible facet joints, 
which is unusual in psoriatic arthritis and is more frequently 
seen in ankylosing spondylitis
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row edema. On the other hand, in the more chronic 
phase, MRI could be helpful to assess disease activ-
ity and for follow-up of response to treatment.

Scintigraphy and computed tomography are not 
promoted as routine screening tools in the assess-
ment of PA.

23.4 
Reiter’s Syndrome

23.4.1 

Defi nition and Epidemiology

Reiter’s syndrome is a subgroup of reactive ar-
thritis that occurs following an infection at a site 
remote from the involved joint. Reactive arthritis 
may be triggered by enteric or urogenital infection 
( Klecker and Weissman 2003).

The syndrome was fi rst described by Hans  Reiter 
in 1916, who incorrectly identifi ed the causative 
agent as a spirochete. In the same year, Fiessinger 
and LeRoy correctly attributed the syndrome to 
Shigella. Subsequently, other infectious agents have 
been associated with Reiter’s syndrome.

It is historically characterized by the triad of ar-
thritis, urethritis (or cervicitis), and conjunctivitis. 
In some patients, balanitis or buccal ulcerations may 
also be present as a fourth manifestation of the dis-
ease. Currently, it is recognized that many patients 
with Reiter’s syndrome do not demonstrate the en-
tire clinical triad. Most patients are between 15 and 
40 years of age.

The presence of HLA-B27 antigen is strongly asso-
ciated in 60–85% of patients. In these cases progno-
sis is worse, and an evolution to spondylarthropathy 
is seen in 30–50% of cases.

23.4.2 

Articular Symptoms

Characteristically, acute asymmetric arthritis of 
the lower extremity becomes evident in Reiter’s 
syndrome, often within 1–3 weeks of the inciting 
episode of urethritis or diarrhea. Initially, the most 
commonly affected joints are the knee and the 
ankle, followed by the metatarsophalangeal joints, 
heel, shoulder, wrist, hip, and lumbar spine. Sub-
sequently, more widespread articular changes can 

occur (Resnick 2002a). Heel pain is a common 
manifestation of Reiter’s syndrome.

The arthritic attacks of Reiter’s syndrome are 
usually self-limiting and of short duration, although 
recurrences are frequent. Residual disability and 
deformity occurs in approximately 5% of patients 
(Resnick 2002a).

23.4.3 

Imaging Findings of the Axial Skeleton

Radiological manifestations of Reiter’s syndrome of 
the sacroiliac joints and the spine are very similar to 
those of psoriatic arthritis (Klecker and Weissman 
2003; Resnick 1989). In chronic Reiter’s syndrome, 
40–60% of patients may have radiographic evidence 
of sacroiliitis (Klecker and Weissman 2003). Bilat-
eral sacroiliac involvement is common, but, as in PA, 
unilateral or asymmetrical involvement can occur, 
especially early in the disease course.

Paravertebral ossifi cations resemble parasyndes-
mophytes of PA, with relative sparing of the anterior 
surface of the spine (Klecker and  Weissman 2003). 
The facet joints are only rarely involved (Fig. 23.15).

The clue to the differential diagnosis is the asso-
ciation with the classical clinical triad, either in its 
complete or incomplete form, and the knowledge of 

Fig. 23.15. Reiter’s syndrome of the cervical spine. Axial fat-
suppressed T1-weighted image after gadolinium contrast 
administration. Note unusual involvement of the left facet 
joint, demonstrating irregular delineation and enhancement 
on both sides of the joint space
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recurrent attacks of peripheral asymmetric oligo-
arthritis, predominantly of the joints of the lower 
extremities.

Furthermore, the cervical spine is often spared in 
Reiter’s syndrome (Klecker and Weissman 2003), 
although this is not true in all cases (Fig. 23.15).

23.5 
Enteropathic Spondylarthropathy

23.5.1 

Defi nition and Epidemiology

The appearance of arthritis in patients with infl am-
matory intestinal disease (ulcerative colitis, Crohn’s 
disease, and Whipple’s disease) has been described 
since 1950 (Gravallese and Kantrowitz 1988). 
These abnormalities have been designated entero-
pathic arthritis (Resnick 2002a).

Both the peripheral joints and the axial  skeleton 
(spondylarthropathy) may be involved in enteropath-
ic arthritis. The axial skeleton is involved in about 
10% of patients (Gravallese and  Kantrowitz 
1988).

23.5.2 

Imaging Findings of the Axial Skeleton

Radiological manifestations of enteropathic spon-
dylarthropathy (sacroiliitis and spondylitis) are in-
distinguishable from AS (Fig. 23.16) (Gravallese 
and Kantrowitz 1988). 

Axial involvement is poorly correlated with ac-
tivity of bowel disease, whereas a close temporal 
association exists between exacerbations of intes-
tinal disease and peripheral joint infl ammation 
( Gravallese and Kantrowitz 1988; Resnick 

2002a).

23.6 
SAPHO

23.6.1 

Defi nition and Terminology

The acronym SAPHO (synovitis, acne, pustulosis, 
hyperostosis, osteitis) is considered as a spondylar-
thropathy associated with different types of cuta-
neous pustules (Chamot et al. 1987). According to 

Fig. 23.16a,b. Enteropathic spondylarthropathy in a patient with Crohn’s disease. a,b Lateral radiographs of the lumbar 
spine in two different patients. Typical anterior corner lesion (a). Ankylosed spine, with associated disc calcifi cation in 
long-standing disease (b). On imaging, the lesions are similar to those seen in ankylosing spondylitis

a b
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some authors, however, the term pustulotic arthro-
osteitis (PAO) is more appropriate (Freyschmidt 
and Freyschmidt-Paul 2001). Indeed, acne-asso-
ciated skeletal changes are usually associated with 
chronic recurrent multifocal osteomyelitis (CRMO) 
(Yu et al. 1998; Vanhoenacker 1998), whereas skin 
lesions associated with PAO or SAPHO consist of pal-
moplantar pustulosis (PPP). Hyperostosis is usually 
the result of chronic aseptic osteitis. Furthermore, 
not all patients have synovitis. This means that S for 
synovitis, A for acne, and H for hyperostosis are su-
perfl uous or redundant in the term SAPHO, leaving 
only P and O. Since the sternocostoclavicular region 
is nearly always involved, it is appropriate to insert A 
for arthropathy, resulting in the acronym PAO.

23.6.2 

Clinical Findings

Patient age usually ranges from 20 to 60 years, and 
there is no gender predilection. HLA-B27 associa-
tion has been reported, but precise data are not 
available. The key clinical fi nding to the diagnosis 
is the presence of PPP, a chronic condition of the 
palms of the hands and soles of the feet. It is charac-
terized by recurring eruptions of sterile pustules on 
an initially normal skin. With time, the pustules dry 
up and desquamate, leaving a heterogeneous pattern 
of yellowish dried pustules and small brown scaly 
crusts. The PPP may be superimposed on classic 
psoriasis, supporting the idea that PPP is a variant 
of psoriasis. Moreover, because of the similarities of 
skeletal changes in SAPHO and the other spondylar-
thropathies, SAPHO can be classifi ed as a seronega-
tive spondylarthropathy.

The earliest articular symptoms consist of swell-
ing and redness located at the manubrial region. 
Spinal involvement may manifest as chronic low 
back pain associated with painful stiffening.

23.6.3 

Imaging Findings of the Axial Skeleton

In about 33–50% of cases, the sacroiliac joints are in-
volved. Typically, unilateral sacroiliitis is found with 
large erosions and an important reactive sclerosis.

In more than 50% of patients, the spine is involved. 
Radiologically, SAPHO presents with a combination 
of osteolytic and sclerotic changes. Spinal involve-
ment can be misinterpreted as primary subacute 

to chronic bacterial spondylitis or spondylodiscitis 
(Chamot et al. 1987). This accounts for many un-
necessary biopsies when the radiologist fails to rec-
ognize the systemic nature of the changes.

Usually two or more vertebral bodies are af-
fected including the intervertebral space. Often the 
changes are accompanied by syndesmophytes or 
mixed-osteophyte-type outgrowths (Resnick and 

Niwayama 2002). Other features consist of verte-
bral squaring and erosions of the anterior vertebral 
corners. These features may support the relationship 
between  SAPHO and other spondylarthropathies, 
such as AS, PA, and Reiter’s syndrome.

Plain radiography is usually suffi cient for the di-
agnosis, but CT scan may allow an early diagnosis in 
some patients (Fig. 23.17).

Magnetic resonance imaging is rarely required 
but may be helpful in excluding tumoral or infec-
tious disease. In essence, MRI fi ndings consist of an 
enthesopathy of the anterior vertebral corners, as de-
scribed in other spondylarthropathies (Laredo et al. 
2003). This infl ammatory focus may extend in differ-
ent directions, including the adjacent vertebral end-

Fig. 23.17a,b. The SAPHO (synovitis, acne, pustulosis palmo-
plantaris, hyperostosis and osteitis) syndrome (pustulotic 
arthro-osteitis). a Lateral radiograph of the thoracic spine 
revealing multifocal irregular end-plate delineation, reactive 
sclerosis (particularly at the anterior cortex of the vertebral 
bodies), and narrowing of the disc space at the midthoracic 
spine. Note a vertebral fracture at the lumbar spine with as-
sociated end-plate sclerosis. b On a sagittal reformatted CT 
scan, these fi ndings are more accurately demonstrated

ba
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plate, along the anterior vertebral cortex or towards 
the anterior corner of the adjacent vertebral body.

In rare cases, the disc is of high signal intensity 
and enhances after contrast administration, mak-
ing a differential diagnosis with infectious spondy-
lodiscitis very diffi cult.

23.6.4 

Other Skeletal Manifestations

Involvement of the sternocostoclavicular, manubri-
osternal joints, and the appendicular skeleton are 
cardinal characteristics of the SAPHO syndrome.

23.7 
Conclusion

Whereas newer techniques, such as MRI, certainly 
have a role in early diagnosis, assessment of spinal 
complications, and monitoring of treatment response 
in spondylarthropathies, standard radiography is the 
mainstay in the overall evaluation of the different 
spinal manifestations of this group of diseases.
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A wide variety of congenital conditions, infl am-
matory processes, infections, and tumors may af-
fect the sacrum, with which radiologists need to be 
familiar. Congenital lesions of the sacrum include 
common benign entities such as transitional verte-
brae, as well as serious disorders of neural tube clo-
sure including myelodysplasia. The most common 
developmental tumor of the sacrum is the teratoma, 
which is classifi ed by its predominant location. The 
seronegative spondyloarthropathies include anky-
losing spondylitis, psoriatic arthritis, and arthritis 
related to infl ammatory bowel disease, all of which 
may affect the sacroiliac joints. The sacrum is also a 
relatively common location for Paget’s disease. Sacral 
and sacroiliac joint infections result from contigu-
ous spread from adjacent infection in the pelvis or 
subcutaneous tissues, as well as from hematogenous 
spread from Batson’s plexus of paravertebral veins. 
Metastases represent the most common tumor of the 
sacrum in adults, with involvement occurring in can-
cer of the lung, breast, and prostate, as well as in lym-
phoma. Primary tumors of the sacrum are much less 
common, with chordoma, a malignant tumor arising 
from notochordal remnants, and giant cell tumor, a 
usually benign neoplasm, being the most common 
types. CT and MRI are quite valuable for the diagno-
sis of all of these conditions and disorders.

Sacral fractures, which usually occur in conjunc-
tion with other pelvic fractures, are often missed on 
initial clinical evaluation and may be diffi cult to ap-
preciate on plain radiographs. Such fractures carry 
a signifi cant risk of complications, especially neu-
rological sequelae. Fatigue stress fractures of the sa-
crum are relatively rare but occur most frequently in 
long-distance runners. Insuffi ciency stress fractures 
are much more common, and are increasingly recog-
nized as a cause of low back pain in older adults. A 
high index of suspicion is needed for clinical diagno-
sis of fatigue as well an insuffi ciency fractures; plain 
fi lms are of limited utility for accurate diagnosis, but 
the diagnosis can be confi rmed with nuclear bone 
scintigraphy supplemented by MRI or CT as needed.

24.1 
Introduction

The sacrum is a large bone composed of fi ve fused 
vertebrae, which contributes stability and strength 
to the pelvis, transmitting the weight of the body to 
the pelvic girdle. It is located at the crossroads of 
the pelvis and lower extremities, and the anatomy 
and pathology of the sacrum is of interest to neu-
roradiologists as well as to body imagers. Plain 
fi lms are often non-diagnostic for this region, due 
to the relatively complex anatomy of the sacrum 
and the adjacent pelvic bones and due to overlying 
bowel. Therefore, depending on the specifi c clini-
cal situations, a variety of cross-sectional imaging 
techniques are of value for sacral imaging, includ-
ing CT, MRI, and nuclear medicine studies, and 
in some of these situations these techniques are 
complementary to each other. Cross-sectional im-
aging is also valuable for guiding interventional 
procedures on the sacrum.
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K E Y - P O I N T S

Anatomy – embryology

The sacrum develops in the fi rst trimester

Residual disc S1–S2 is not uncommon, espe-
cially in young adults

Sacrum is composed of fi ve fused vertebrae

Normal lumbosacral angle: 130º–160°

Sacral hiatus is the defect within the poste-
rior wall at S5

Four pairs of foramina both on anterior and 
posterior surface

Sacral plexus: L4–S4

Sciatic nerve: L3–S3

Congenital

Transitional vertebrae reported prevalence up 
to 20%

may not in and of itself be clinically symp-
tomatic
incorrect numbering may lead to interven-
tion at the wrong level

Spinal dysraphism: see also Chap. 1

Sacral cysts
perineural and Tarlov cysts communicate 
with the subarachnoid space – mostly as-
ymptomatic
arachnoid and intrasacral cysts do not com-
municate with the subarachnoid space – may 
be symptomatic

Congenital neoplasms: epidermoids, der-
moids, and teratomas

Infl ammation

Seronegative spondyloarthropathies: 
sacroiliitis and negative tests for rheumatoid 
factor

ankylosing spondylitis
psoriatic arthritis
reactive arthritis
associated with infl ammatory bowel disease
unclassifi ed

Paget’s disease
cortical thickening may lead to encroach-
ment on the sacral canal and foramina

Infection

Contiguous spread from an intra-abdominal 
process or from a decubitus lesion

Arterial seeding from a distant infectious 
process
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Sacral involvement in tuberculous spondylitis 
is rare

Septic sacroiliitis is uncommon

Neoplasm

Metastases most common
sacrum is a common target (large volume)
common primary sites include lung, breast, 
prostate, and kidney

Primary neoplasms
chordoma:

50% of primary sacral tumor
4th to 7th decade
2:1 male-to-female ratio
calcifi cation in 90%

giant cell tumor
second most common primary sacral tu-
mor
predilection for the sacrum
3rd to 4th decade
sacral lesions show female preponderance

chondrosarcoma
7–12% involve the spine, sacrum most 
common location

Trauma

Often in combination with other pelvic frac-
tures

More often missed and more neurological 
injury than other pelvic fractures

Usually high velocity impacts (MVA and falls 
from signifi cant height)

Dennis classifi cation of traumatic fractures
zone I: ala without foramina or sacral canal
zone II: one or more foramina but not the 
sacral canal with or without zone I
zone III: sacral canal with or without zone 
I/II

Fatigue stress fractures
normal bone, abnormal stress
very rare
pain in lower back or buttocks
female athletes
frequently unilateral

Insuffi ciency stress fractures
normal stress, abnormal bone
elderly, especially women with osteoporosis
low back pain
usually extend vertically within the sacral alae
usually bilateral
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24.2 
Embryology

Sacral development commences during the fi rst tri-
mester and continues into the third decade of life. Spi-
nal axis development is initiated in the 15th and 16th 
days of embryogenesis when ectodermal cells prolif-
erate along the midline surface of the embryo to form 
the primitive streak with its most cranial end referred 
to as the primitive pit (Barkovich 2000). During the 
16th gestational day, the notochordal process extends 
from the primitive pit to the prochordal plate. The 
notochord induces mesodermal and ectodermal dif-
ferentiation and determines the organization of the 
spinal axis. This leads to formation of the neural plate 
and tube. Neuroepithelial cells fuse within the caudal 
end of the notochord in the tail fold of the embryo, 
thus forming a caudal cell mass. At the 30th gesta-
tional day, multiple cell clusters and cysts form within 
the caudal cell mass. In the process of canalization, 
in what will become the conus medullaris, ventricu-
lus terminus, and fi lum terminale, these microcysts 
coalesce to form an ependymal-lined tube that fuses 
with the more cephalad portion of the neural tube. 
Through the process of retrogressive differentiation, 
in the 38th day, the caudal cell mass and associated 
central lumen decrease in size. The cloaca, which 
forms the anorectal and lower genitourinary struc-
tures, lies just ventral to the caudal cell mass. Distur-
bances that occur during this phase of development, 
the mesenchymal or membranous stage, can result 
in the most severe of the congenital spine anomalies, 
including caudal mass migration abnormalities and 
myelodysplasias. The notochord also contributes to 
formation of the nucleus pulposus of the interverte-
bral disc. Notochord cell remnants are often observed 
within the cranial and caudal aspects of the spinal 
axis. These residual notochordal cells are the prede-
cessors to chordomas and account for the increased 
prevalence of these tumors within these respective 
locations (Parke 1992). 

The notochord induces mesodermal differentia-
tion into paraxial mesoderm. This paraxial meso-
derm undergoes further segmentation that by the 
end of the fi fth gestational week results in the forma-
tion of 42–44 somites (Verbout 1985). Three major 
components comprise the somite. They include the 
sclerotome, the myotome, and the dermatome. The 
adjacent halves of two sclerotomes fuse to form the 
membranous precursor of what eventually is the ver-
tebra (Verbout 1985). Alterations in this segmenta-

tion process can result in vertebral anomalies such 
as fused vertebrae, hemi-vertebrae, or transitional 
vertebrae. In the second, or chondrifi cation stage, 
the membranous vertebral column develops a carti-
laginous framework. Enchondral ossifi cation occurs 
during the third or primary ossifi cation stage. Three 
primary ossifi cation centers are observed within each 
vertebra – central, neural, and costal – of the axial 
skeleton. The central ossifi cation center forms the 
central portion of each sacral vertebra. Two neural os-
sifi cation centers form the neural arch at each sacral 
level. The costal ossifi cation centers contribute to the 
lateral mass of the sacrum, while three ossifi cation 
centers help form the sacral ala. It is during the fourth 
stage, secondary ossifi cation, that further ossifi cation 
of the vertebral epiphyses completes the formation of 
the sacral vertebral body. The sacral vertebrae are 
separated by intervertebral discs during childhood 
with subsequent fusion of the S4–S5 and S3–S4 levels 
in late adolescence and fusion of the S2–S3 and S1–S2 
levels by the third decade of life. It is not uncommon 
to observe a residual disc at S1–S2 levels on imaging 
studies, especially in young adults. When this disc 
space is prominent, care must be exercised so as not 
to incorrectly count intervertebral disc space levels.

24.3 
Anatomy

The sacrum is a large, triangular wedge-shaped bone 
normally composed of fi ve fused sacral vertebrae. The 
sacrum is concave along its anterior aspect and has a 
convex outer surface. It forms the roof and posterior 
and superior wall of the pelvic cavity. The sacrum con-
tributes stability and strength to the pelvis and trans-
mits weight from the body to the pelvic girdle (Moore 
and Dalley 1999). Superiorly, the sacrum articulates 
with the fi fth lumbar vertebra. The superior surface 
of the S1 vertebra forms the base of the sacrum. The 
sacral promontory is the anterior protrusion of the 
superior border of S1 (Fig. 24.1). S1 is the largest of the 
sacral vertebral bodies and provides support during 
axial loading. The inferior half of the sacrum is not 
weight bearing and is diminished in size relative to 
its superior half. The apex of the sacrum inferiorly 
articulates with the coccyx. The sacrum articulates 
bilaterally with the iliac bones at the sacroiliac joints. 
The sacrum is angled posteriorly with L5, forming 
the lumbosacral angle, which normally ranges from 
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130º to 160º (Moore and Dalley 1999). The medial 
sacral crest is seen posteriorly, and is formed by spi-
nous tubercles resulting from the fusion of the spinous 
processes. The transverse processes of the fused sacral 
vertebrae form the lateral crests. The sacral crest di-
vides into two sacral cornua at the S4 level. The sacral 
hiatus is the defect within the posterior wall of the 
sacrum at the S5 level and is the point in which the 
epidural space terminates (Fig. 24.2). The sacral hia-
tus is formed due to the absence of the laminae and 
spinous process of S5. The sacral hiatus is connected 
to the sacral canal, which is the caudal continuation 
of the lumbar spinal canal. The sacral canal contains 
the meninges, the lower portion of the cauda equina 
(sacral and coccygeal nerve roots), the fi lum termi-
nale, and fi brous and fatty tissue (Fig. 24.3). There 
are four pairs of foramina on both the anterior and 
posterior surfaces of the sacrum, which provide the 
passageways for the S1–S4 rami. Lateral to the sacral 
foramina are paired blocks of bone termed the lateral 
masses (Diel et al. 2001). The sacral ala is the wing-
shaped bone found lateral to the S1 vertebral body.

The sacroiliac joints are strong, weight-bearing 
synovial joints between the lateral aspects of the 
sacral alae and the iliac bones. The interosseous and 
sacroiliac ligaments suspend the sacrum between 
the iliac bones. The interosseous sacroiliac ligament 
is a ligamentous joint which comprises the supe-
rior two-thirds to one-half of the joint. The inferior 
one-half of the joint is formed by the synovial sac-
roiliac joint. The synovial sacroiliac joint is lined by 
3–5 mm of hyaline cartilage on its sacral side and by 

1 mm of fi brocartilage layer on its iliac side (Diel et 
al. 2001). The sacrotuberous and sacrospinous liga-
ments join the sacrum to the ischium. The sacrotu-
berous ligament unites the sacrum to the sciatic tu-
ber. The sacrospinous ligament unites the sacrum to 
the sciatic spine and separates the greater from the 
lesser sciatic foramen (Dietemann et al. 1992).

The sacral plexus is formed by the ventral rami of 
L4–S4. The L4–L5 nerves join to form the lumbosa-
cral trunk. The lumbosacral trunk is found medial 
to the psoas muscle and descends adjacent to the 
sacral promontory and courses inferolaterally. The 
S1–S4 rami enter the pelvis through their respective 
foramina and also course inferolaterally (Gierada 
et al. 1993). The lumbosacral trunk joins the S1 ven-
tral rami within the pelvis to form the larger supe-
rior band. The S2–S4 ventral rami join to form the 
smaller inferior band. The sacral plexus nerve roots 
lie between the internal iliac vessels anteriorly and 
the piriformis muscle posteriorly. The sciatic nerve 
(L3–S3), the largest nerve in the body, is the continu-
ation of the sacral plexus. The sciatic nerve leaves the 
pelvis through the greater sciatic foramen to enter the 
thigh. The common iliac vessels and bifurcations are 
present anteromedial to the lumbosacral trunk at the 
level of the sacral promontory. The superior gluteal 
vessels run between the lumbosacral trunk and the 
S1 nerve. The superior gluteal vessels exit the pelvis 
superior to the piriformis muscle and are often seen 
in the superiormost aspect of the greater sciatic fora-
men (Moore and Dalley 1999). The inferior gluteal 
vessels also exit the pelvis via the greater sciatic fora-
men, passing inferior to the piriformis muscle.

Fig. 24.1. Three-dimensional CT reformation demonstrating 
an anterior view of the sacral anatomy

Fig. 24.2. Three-dimensional CT reformation demonstrating 
a posterior view of the sacral anatomy
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24.4 
Congenital

Congenital lesions of the sacrum include benign 
entities such as transitional vertebra to more ex-
treme conditions such as myelodysplasia and caudal 
dysplasias. Transitional vertebrae are frequently ob-
served during spine imaging. These developmental 
variants have been reported in up to 20% of human 
skeletons. Depending upon the segmentation of the 
spinal column that occurs during the mesenchymal 
stage, with respect to the sacrum, these transitions 
may occur at the lumbosacral or sacrococcygeal 
junctions (Banna 1985). Transitional vertebrae that 
occur at the lumbosacral junction consist of either 
a “lumbarized” S1 vertebra or a “sacralized” L5 ver-
tebra. While the presence of a transitional vertebra 
may not in and of itself be clinically symptomatic, 
their major impact is on the localization of lesions 
at other levels of the lumbar spine. An incorrect nu-
merical labeling of the lumbar spine can lead to un-
necessary surgical intervention at the wrong level. In 
those instances where a subsequent spine interven-
tion may be performed, it may be prudent to obtain 
a full survey of the spine, either fl uoroscopically, ra-
diographically, or with MRI sagittal scout sequences, 
in order to accurately characterize the type of transi-
tional vertebra and to correctly identify the intended 
level for intervention. The transitional vertebra itself 
will show a hybrid appearance with combined fea-
tures of a lumbar and a sacral vertebra.

Disorders of neural tube closure during develop-
ment result in the dysraphic myelodysplasias that 
often affect the sacrum. There is defective midline 

closure of the spine with a cutaneous defect, spina 
bifi da aperta, or with the skin intact, occult spinal 
dysraphism. Cutaneous stigmata, nevertheless, are 
almost always observed and include external neural 
placode, hypertrichosis, nevus, hemangioma, subcu-
taneous lipoma, or dermal sinus tracts. The clinical 
presentation, moreover, depends upon the severity 
and timing of the congenital insult such that patient 
presentation may range from asymptomatic to mul-
tiple malformations that involve the genitourinary 
tract, the anus and rectum, and the lower extremi-
ties. The myelodysplasias can present with neural 
tissue containing masses that are observed in open 
neural tube defects such as myeloceles and myelo-
meningoceles. Alternatively, in closed neural tube 
defects, patients may present with lipomyelomenin-
gocele, meningocele, myelocystocele, dermal sinus, 
neurenteric cyst, or lipoma. Associated abnormali-
ties of the spinal cord such as hydromyelia, tether-
ing, or diastematomyelia, may also be present.

Lipomyelomeningoceles are the most common 
of the occult myelodysplasias and account for up to 
one-half of all cases of occult spinal dysraphisms 
(Lemire et al. 1971). These malformations are due 
to failure of non-disjunction of cutaneous ectoderm 
from neuroectoderm. Imaging of the lumbosacral 
junction will show a bony defect in the posterior el-
ements, associated with a cystic and/or lipomatous 
mass that extends to the subcutaneous fat (Fig. 24.4). 
The spinal cord may be low-lying or tethered. The 
spinal canal is enlarged and there may be varying 
types of vertebral anomalies such as partial or com-
plete sacral agenesis. Meningoceles are uncommon 
masses that consist of focal cerebrospinal fl uid con-
taining dural sacs which protrude through either a 
sacral defect or foramina. Posterior meningoceles 
are more common than anterior meningoceles, and 
the latter may present as a pelvic mass. Anterior me-
ningoceles may be associated with varying degrees 
of sacral agenesis as well as with genitourinary and 
anorectal malformations. Meningoceles that involve 
the sacral foramina may be observed in patients with 
neurofi bromatosis or Marfan’s syndrome. Imaging 
with MRI or CT will reveal a cystic mass that is con-
tinuous with the thecal sac. It is important to iden-
tify whether or not a nerve root is present within the 
cyst prior to surgical treatment. CT will often dem-
onstrate remodeling of the sacrum with an associ-
ated osseous defect or enlarged neural foramen.

Sacral agenesis is part of the spectrum of caudal 
dysplasias that include lower limb anomalies as well 
as anorectal and genitourinary malformations. This 

Fig. 24.3. Non-enhanced axial CT image shows the sacral 
promontory, sacral foramen, and sacral canal
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appears to be due to an insult to the caudal mesoderm, 
including the caudal cell mass and cloaca, prior to 
the fourth week of gestation. The caudal regression 
syndrome constitutes part of this spectrum. Caudal 
regression is observed in 0.01% of the population and 
in up to 0.2% of children of diabetic mothers. Con-
versely, one out of six children with this syndrome 
has a diabetic mother. Additionally, the severity of 
sacral agenesis may vary and other spinal anomalies, 
including tethered cord, syrinx, lipoma, and lipomy-
elomeningocele, may be present (O’Neill et al. 1995). 
MRI shows the characteristic wedge-shaped conus 
medullaris that is located at a higher than normal 
position within the spinal canal. The extent of sacral 
agenesis can be classifi ed with plain radiography, CT, 
or MRI into four types: (1) partial unilateral sacral 
agenesis; (2) partial bilateral symmetric sacral de-
fects with iliac bones articulating with S1; (3) com-
plete sacral agenesis with iliac bones articulating 
with lumbar spine; and (4) total sacral agenesis with 
fusion of the iliac bones (Banna 1985).

Developmental tumors of the sacrum may in-
clude cysts, such as meningeal and arachnoid cysts, 
dermoids, epidermoids and teratomas. Meningeal 
cysts are abnormal focal dilatations of the meninges 
within the sacral canal and/or foramina. These cysts 
are commonly seen at the sacral level and demon-

strated an incidence of 5% in routine lumbar spine 
MR imaging (Paulsen et al. 1994). Meningeal cysts 
are commonly seen as incidental fi ndings during 
pelvic CT evaluation. They are also referred to as 
perineural cysts, Tarlov cysts, sacral arachnoid cysts 
and occult intrasacral meningoceles (Fig. 24.5). 
Perineural cysts and Tarlov cysts demonstrate com-
munication with the subarachnoid space whereas 
arachnoid cysts and intrasacral meningoceles do 
not. The cysts can remodel the involved portion of 
the sacral canal or foramen as a result of pressure 
erosion due to transmitted cerebrospinal fl uid pulsa-
tions or increased intraspinal pressure. These cysts 
can occur as single or multiple entities. MRI shows 
a well-circumscribed oval, round, or lobulated cys-
tic mass that is hypointense on T1-weighted images, 
hyperintense on T2-weighted MR images, and does 
not enhance after contrast administration. Com-
munication or the lack thereof may be demonstrated 
with MR CSF fl ow studies or on post-myelogram CT 
examinations with immediate and delayed images 
(Davis et al. 1993). The relationship of the cyst to 
the exiting nerve root(s) is well seen on MR. The re-
modeled sacral canal or foramen with thin or defi -
cient cortical margins is best seen on CT. Whereas 
the majority of these meningeal cysts are asymp-
tomatic, non-communicating large cysts may be 
symptomatic (Davis et al. 1993). Symptomatic cysts 
have shown a variable treatment response to percu-
taneous aspiration. Anecdotal reports that involve 
injection of the cyst with various agents including 
steroid or fi brin glue have been described (Patel et 
al. 1997). Special care must be taken to avoid intro-
ducing these agents into the subarachnoid space as 
they may cause meningitis. Surgical treatment in-
volving duroplasty with or without shunts has also 
been attempted with varying amounts of success.

Epidermoids, dermoids, and teratomas can pres-
ent in the sacrum. These congenital neoplasms rep-
resent 4% of pediatric spine tumors (Steinbok et al. 
1992). Sacrococcygeal teratomas are by far the most 
common of these developmental tumors to present 
within the sacrum (Fig. 24.6). Teratomas are com-
prised of cells that arise from ectoderm, mesoderm, 
and endoderm and possibly develop from rests of 
undifferentiated cells in the caudal cell mass (Schey 
et al. 1977). Since they are developmental neoplasms, 
they are most frequently observed at birth, with an 
incidence of 1/40,000 births. Rarely, teratomas can 
also present in adults as an occult mass (Ng et al. 
1999). There is a rare familial autosomal dominant 
presentation in which the teratoma is associated 

Fig. 24.4. Sagittal T2-weighted MR image shows a large lipo-
myelomeningocele (arrows) in a 5-month-old male. (Cour-
tesy of Donald B. Price, MD, Winthrop-University Hospital, 
Department of Radiology)
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with a malformed sacrum and anorectal and lower 
genitourinary tract anomalies. There is a 4:1 female-
to-male ratio. Two-thirds of these tumors are benign 
mature teratomas and the remainder are either im-
mature or anaplastic teratomas with malignant po-
tential.

Teratomas can be classifi ed by their predomi-
nant location (Schey et al. 1977). Type 1 teratomas 
(47%) are predominantly posterior and present as 
a gluteal mass. Type 2 teratomas (35%) are also lo-
cated posteriorly but extend into the pelvis. Type 
3 teratomas (8%) are located within the pelvis and 
abdomen, and Type 4 (10%) teratomas have a pre-
sacral location. Given that these tumors arise from 
all three germ cell layers, it is common for imaging 
with CT or MRI to show a complex solid and cystic 
mass. There is associated osseous destruction of the 
involved portions of the sacrum, lumbar spine, and 
coccyx. CT will show calcifi cation in 60% of cases. 
Fluid-fl uid levels may be observed on CT or MRI. 
On MRI, teratomas are isointense or hypointense on 

Fig. 24.5a–c. Tarlov cysts (arrows) shown on multiple imaging modalities. a Contrast-enhanced axial CT image. b Coronal 
T2-weighted MR image. c Image from a lumbar myelogram

a

b c

Fig. 24.6. Non-enhanced axial CT image of a sacral teratoma 
in a female neonate. The mass is partially cystic and fi lls 
the pelvis
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T1-weighted images, and isointense or hyperintense 
on T2-weighted images. Enhancement of the solid 
portions of the tumor will be seen following contrast 
agent administration on CT or MRI.

Approximately 22% of epidermoids are found 
within the lumbosacral region while 60% of der-
moids occur in this location (Barkovich 2000). Epi-
dermoids contain epidermal tissue elements and may 
arise from congenital tissue rests or may be second-
ary to post-procedural implantation such as lumbar 
puncture or myelomeningocele repair (Barkovich 
2000). Dermoids are derived from ectodermal ele-
ments, and therefore contain epidermal and dermal 
tissue elements. They may show lipid-containing 
components on CT or MRI. These lesions show at-
tenuation similar to that of cerebrospinal fl uid on CT 
and are isointense to cerebrospinal fl uid or hypoin-
tense on T1-weighted MR images and hyperintense 
on T2-weighted MR images. A fl uid attenuation in-
version recovery (FLAIR) sequence may distinguish 
the hyperintense mass from hypointense cerebro-
spinal fl uid (Barkovich 2000). These lesions do not 
usually demonstrate contrast enhancement unless 
they have been infected. Both of these lesions may 
be associated with a tethered cord, dermal sinus, or 
abscess (Fig. 24.7). Between 20% and 30% of epider-
moids and dermoids are associated with a dermal 
sinus tract (Barkovich 2000). Ruptured dermoids 
may present with chemical meningitis.

24.5 
Infl ammation

The seronegative spondyloarthropathies are a 
group of arthritic diseases that affect multiple or-
gan systems and are thought to have a signifi cant 
genetic component to their origin. The seronegative 
spondyloarthropathies include ankylosing spondy-
litis, psoriatic arthritis, reactive arthritis, arthri-
tis associated with infl ammatory bowel diseases 
(Fig. 24.8), and unclassifi ed seronegative spondylo-
arthropathies (Dougados et al. 1991). Negative tests 
for rheumatoid factor and sacroiliitis as a common 
initial manifestation are uniting features of the se-
ronegative spondyloarthropathies.

Although conventional radiography is the fi rst 
imaging modality for diagnosing sacroiliitis, results 
are often equivocal due to the anatomic confi gura-
tion and obliquity of the joints. Plain radiographs 

may demonstrate a range of fi ndings including scle-
rosis, erosions, cartilage space narrowing, and com-
plete bony ankylosis, or may demonstrate completely 
normal sacroiliac joints (Fig. 24.9). Technetium-99m 
labeled methylene diphosphonate (99mTc-MDP) 
bone scintigraphy is a more sensitive modality for 
demonstrating abnormalities of the sacroiliac joints. 
The study characteristically demonstrates increased 
uptake of radionuclide at the sacroiliac joint(s), al-
though this fi nding is highly non-specifi c. CT is a 
more sensitive and accurate modality than plain 
fi lms in the evaluation of sacroiliitis. Early fi nd-
ings notable on CT include cortical erosions and 
subchondral sclerosis. Later fi ndings of the disease 
include joint space narrowing and bony ankylosis. 

Fig. 24.7. Axial T1-weighted MR image of a 2-year-old girl 
shows a tethered cord with a lipoma (arrow) 

Fig. 24.8. Frontal abdominal and pelvic radiograph of a 
middle-aged woman with a history of infl ammatory bowel 
disease. There is prominent sclerosis at both sacroiliac joints 
(arrows)
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The anatomy and pathologic changes to the sacro-
iliac joint are more clearly demonstrated on CT than 
on plain radiography (Borlaza et al. 1981. An ad-
vantage of CT over plain radiographs is the ability to 
demonstrate fi ndings which were normal or equivo-
cal on plain radiographs (Luong and Salonen 
2000). MRI is the most sensitive means for detecting 
early sacroiliitis, and is better for detecting active 
infl ammatory sacroiliitis than CT (Puhakka et al. 
2003). MR imaging enables delineation between the 
two compartments of the sacroiliac joint, the liga-
mentous segment containing adipose tissue, and the 
synovial compartment demonstrating cartilage sig-
nal intensity (Murphy et al. 1991). Initially in sac-
roiliitis, there may be loss of the normal thin band of 

intermediate signal intensity representing cartilage 
on T1-weighted images. T1-weighted images can also 
demonstrate cortical erosions and subchondral scle-
rosis (Wittram et al. 1996). Spin-echo T2-weighted 
images demonstrate bone marrow edema adjacent 
to the involved sacroiliac joint. Short TI inversion 
recovery images (STIR) demonstrate infl ammation 
at the periarticular bone marrow while suppressing 
the normally increased fat signal. STIR-imaging is 
considered more sensitive than T2-weighted imag-
ing for demonstrating subchondral bone edema.

Ankylosing spondylitis has a strong association 
with the histocompatibility antigen HLA-B27, and is 
more common in men than in women (4:1). Patients 
generally present with an insidious onset of low back 
pain, which persists for more than 3 months. Classi-
cally, ankylosing spondylitis causes symmetric and 
bilateral sacroiliac joint involvement (Fig. 24.10). 
Sacroiliitis is the initial radiographic fi nding in the 
overwhelming majority of patients. Initially, there is 
blurring of the subchondral cortex at the sacroiliac 
joints. Small erosions may develop along the iliac 
side of the joint initially, while progressing to the 
sacral side as the erosions become larger. This may 
occur since the sacral surface of hyaline cartilage is 
thicker in comparison to the ilial surface. Widening 
of the joint space, sclerosis, and eventual ankylosis 
occur as the disease progresses. 

Psoriatic arthritis affects 5%–8% of patients with 
psoriasis. Approximately half of the patients with 
severe psoriasis have sacroiliitis, usually present-
ing bilaterally and asymmetrically. Patients may 
present with spondylitis with or without associated 
sacroiliitis. As opposed to ankylosing spondylitis, 
the erosions involving the sacroiliac joint are large. 
These erosions undergo subsequent repair, leading 
to subchondral sclerosis, although eventual anky-
losis of the sacroiliac joints is relatively uncommon 
(Bennett et al. 2004). Rheumatoid arthritis, like 
ankylosing spondylitis, is associated with bilateral 
symmetrical sacroiliitis. Reiter syndrome, psoriatic 
arthritis, infl ammatory bowel disease, and osteoar-
thritis are usually associated with asymmetric bi-
lateral sacroiliitis, although all of these entities can 
also present with unilateral involvement. Bilateral 
symmetric sacroiliac joint involvement is typical of 
osteitis condensans ilii, a condition most commonly 
seen in young multiparous women (Fig. 24.11). The 
fi ndings usually consist of a triangular area of sub-
chondral sclerosis on the anteroinferior aspect of 
the iliac side of the joint, unassociated with erosions 
or joint space narrowing (Diel et al. 2001). Infec-

Fig. 24.9. An 85-year-old woman with a history of breast can-
cer. Biopsy of the anterior sclerotic focus in the left sacrum 
(arrow) was consistent with osteoarthritis and not tumor. 
Note the subtle vacuum phenomenon in the left sacroiliac 
joint, with nitrogen gas formation

Fig. 24.10. Non-enhanced axial CT image in a 45-year-old 
man with a history of ankylosing spondylitis shows marked 
sclerosis at the iliac portions of the sacroiliac joints
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tion, trauma, and metastatic cancer are most com-
monly associated with unilateral sacroiliitis. Gouty 
arthritis, although rare, should be considered in a 
patient with acute unilateral sacroiliitis and a his-
tory of gout (Fig. 24.12).

Involvement of the sacrum in Paget’s disease is of-
ten polyostotic, although it can also be isolated. Pag-
et’s disease is predominantly located in the axial skel-
eton, with the most commonly affected sites being the 
pelvis (30%–75% of cases), spine (30%–75%), and skull 
(25%–65%). The three phases of Paget’s disease are 
the lytic, mixed, and blastic phases. Areas of osteoly-
sis, which refl ect unopposed osteoclastic activity, are 
demonstrated on radiographs during the early lytic 
phase of Paget’s disease. Findings during the mixed 
phase include coarsening and thickening of the tra-
becular pattern and cortex. These radiographic fi nd-
ings represent areas of osteoblastic repair. The blastic 
phase is characterized by areas of sclerosis which can 
be extensive, replacing areas of previous trabecular 
thickening. Bone enlargement is a common fi nding 
during the blastic phase (Smith et al. 2002). The pres-
ence of bone expansion and cortical and trabecular 
bone thickening is pathognomonic for Paget’s disease. 
Sacral involvement during the blastic phase includes 
cortical thickening affecting the sacral foramina and 
the sacral side of the sacroiliac joints. Eventually en-
croachment on the sacral canal and foramina may 
ensue as a result of cortical thickening and osseous 
expansion (Diel et al. 2001). Paget’s disease produces 
enlargement of all the vertebral elements. 

MR imaging fi ndings of Paget’s disease vary de-
pending on the phase of the disease. During the lytic 
phase, the fi brovascular matrix may appear hypoin-
tense on T1-weighted images and hyperintense on 
T2-weighted images. Areas of blastic activity during 

the later blastic phase appear as regions of low in-
tensity on T1- and T2-weighted images. MR images 
during the blastic phase can have a similar appear-
ance to metastatic disease or osteomyelitis, and cor-
relation with other forms of imaging is often needed 
to differentiate amongst these entities.

Neoplastic transformation, most frequently os-
teosarcoma, is a rare complication which occurs in 
fewer than 1% of patients with Paget’s disease. The 
risk of developing sarcomatous transformation in-
creases with age, and most commonly affects the pel-
vis, sacrum and femur (Llauger et al. 2000). Patients 
may experience pain, a palpable mass, weight loss, 
and neurologic complications. Findings of cortical 
destruction and the presence of an adjacent soft tis-
sue mass in addition to fi ndings of Paget’s disease on 
imaging studies are highly suggestive of sarcomatous 
transformation (Fig. 24.13). Both CT and MRI are ac-
curate in demonstrating tumor development and for 
assessing tumor spread, as well as for serving as a 
guide for a biopsy to confi rm the diagnosis. 

24.6 
Infection

Sacral and sacroiliac joint infections are usually the 
result of contiguous spread from adjacent infectious 
processes. As with infections involving the spine else-
where, sacral infections can also occur as the result 
of hematogenous spread of infectious agents. Spread 
of infection may occur hematogenously through Bat-
son’s plexus of paravertebral veins (Batson 1995). 
Sacral infection can occur in intravenous drug abus-
ers or immunosuppressed patients (Horton et al. 
2002). Osteomyelitis of the sacrum may result from 
extension of an intra-abdominal abscess into the 
pelvic bones or extension from a decubitus ulcer. 
Staphylococcus aureus is the most common infecting 
organism. Osteomyelitis can also occur via arterial 
seeding of microorganisms from distant infectious 
processes. The typical appearance of sacral osteomy-
elitis is a destructive lesion of the sacrum with asso-
ciated soft tissue swelling (Fig. 24.14). Osteomyelitis 
involving a single vertebral body can rapidly spread 
to the adjacent disk and vertebral body via vascular 
and subligamentous routes. A corresponding abscess 
may develop within the presacral soft tissues, adja-
cent articulations, or sacral epidural space.

Fig. 24.11. Non-enhanced axial CT image of a 37-year-old 
woman reveals bilateral osteitis condensans ilii and an an-
terior bridging osteophyte at the right sacroiliac joint
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Fig. 24.12a–e. Biopsy-proven gout of the pelvis. a There are 
areas of decreased signal intensity on this T1-axial weighted 
image, in the anterior left sacral ala (upper arrow) and in 
the left iliac and ischial bones (lower arrows). b These areas 
show increased signal intensity on this T2-weighted axial 
image. c There is corresponding enhancement on this axial 
T1-weighted image with gadolinium. d These foci are lytic 
on this unenhanced axial CT image. e Bone scan shows cor-
responding areas of increased uptake

The conventional radiographic hallmark of 
spondylodiscitis is irregularity of the vertebral end-
plates with narrowing of the intervening disc space 
(Latchaw 1990). However, due to the possible lag 
time between symptomatology and the plain-fi lm 
fi ndings of the disease, a normal plain fi lm does not 
exclude osteomyelitis. Radionuclide bone scans are 

very sensitive for the detection of early osteomyeli-
tis, demonstrating increased uptake in the affected 
regions. The earliest fi nding on CT of osteomyeli-
tis is an increase in intramedullary density due to 
the accumulation of infected debris within the bone 
marrow. This fi nding is non-specifi c, as an increase 
in the intramedullary density can be a result of in-
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Fig. 24.14. Non-enhanced axial CT image showing sacral 
infection

Fig. 24.13a,b. Paget’s disease complicated by sarcomatous 
transformation in this elderly patient with low back pain. 
There is a soft-tissue mass in the left sacrum. Note the dif-
fusely thickened cortical bone. a Contrast-enhanced axial 
CT image. b Coronal CT reformation

a

b

fection, hemorrhage, stress fracture, irradiation, or 
neoplasm (Helms et al. 1981). CT is a very accurate 
modality for detecting cortical destruction, intraos-
seous gas, periosteal reaction, soft tissue extension, 
and abscess formation. Although an uncommon 
manifestation of osteomyelitis, intraosseous gas is 

pathognomonic for infection, and the presence of 
gas within the sacral foramina has been described 
(Merine et al. 1988). A biopsy may be required in 
order to establish a defi nitive diagnosis. MRI is more 
sensitive for the detection of early disease than plain 
fi lms. On T1-weighted images, the vertebral bone 
marrow appears low in signal. Contrast enhance-
ment of the bone marrow on T1-weighted images is 
typical of osteomyelitis. High signal intensity of the 
disc is observed on T2-weighted images. Sagittal im-
ages demonstrate disc space narrowing characteris-
tic of infectious discitis. 

Although tuberculous spondylitis is the most 
common form of skeletal tuberculosis, sacral in-
volvement in spinal tuberculosis is rare. The MR ap-
pearance of tuberculous osteomyelitis is not different 
from other forms of osteomyelitis, although involve-
ment of the posterior elements is more characteristic 
of tuberculous than pyogenic osteomyelitis. Sacro-
iliac joint involvement is common in patients with 
tuberculous osteomyelitis. Manifestations on MR 
include a widened sacroiliac joint, often containing 
fl uid along with evidence of infl ammatory tissue in 
the neighboring sacrum or ilium (Patankar et al. 
2000). Sacral tuberculosis is often associated with a 
presacral mass or abscess.

Septic sacroiliitis is an uncommon entity resulting 
from either the spread of infection hematogenously, 
the direct introduction into the joint during surgery 
or trauma, or spread from adjacent soft tissue or bone. 
Staphylococcus aureus is the most common organism 
isolated in septic sacroiliitis, although other bacte-
rial, mycobacterial, and fungal organisms can also be 
responsible. Early diagnosis allows for the appropri-
ate administration of antibiotics and resolution of the 
disease without surgical intervention. Nuclear bone 
scans demonstrate increased radiotracer uptake at 
the sacroiliac joints within 1 week of onset of symp-
toms. These fi ndings can be demonstrated earlier 
than on plain radiographs. CT shows fi ndings that 
are similar to those recognized on plain radiographs, 
such as erosions and widening of the joint space. CT 
better demonstrates the involvement of bone and soft 
tissues more clearly than plain radiographs or nuclear 
bone scans. Infi ltration of the fat around the iliopsoas 
muscles or asymmetry of the muscles are fi ndings 
seen on CT which are suggestive of the disease. CT 
can be used to delineate abscess formation and to dis-
tinguish cortical from medullary bone involvement, 
and also demonstrates other bony abnormalities.

MRI is a sensitive modality for detecting early 
septic sacroiliitis, and has the capability to demon-
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strate abnormal regions of fl uid and/or infl amma-
tion. These abnormal regions are characteristically 
found in the sacroiliac joint space, in the bone mar-
row of the sacrum and/or ilium, and in the iliopsoas 
muscle. MRI fi ndings include low signal intensity on 
T1-weighted images and increased signal intensity 
on T2-weighted and STIR-images, at the joint space, 
periarticular muscle tissue, and subperiosteal infi l-
tration. The presence of fl uid tracking posterior to 
the iliopsoas muscle seems to be specifi c for septic 
sacroiliitis, as this fi nding is absent in other causes of 
sacroiliitis (Klein et al. 1991). Hyperintensity in the 
anterior or posterior joint space which tracks sub-
periosteally along the periarticular bone also appears 
to be specifi c for septic sacroiliitis (Stürzenbecker 
et al. 2000). Advanced stages of the disease leads to 
erosion, sequestration, and abscess formation, which 
are also absent in other forms of sacroiliitis. The pres-
ence of unilateral sacroiliac joint involvement should 
be regarded as highly suspicious for joint infection.

24.7 
Neoplasm

Primary neoplasms of the bony sacrum are much less 
common than metastases in this location (Disler 
and Miklic 1999). Of these primary tumors, chor-
doma is the most frequently encountered neoplasm. 
Chordomas arise from notochordal elements and 
account for 2%–4% of malignant bone tumors and 
approximately one-half of primary sacral bone tu-
mors (Murphey et al. 1996). Chordomas are usually 
diagnosed in the fourth to seventh decades of life. A 
2:1 male-to-female ratio has been observed. Patients 
typically present with sacrococcygeal pain and/or 
bowel or bladder disturbances. Chordomas are slow-
growing, infi ltrative neoplasms (Fig. 24.15). This 
growth pattern not only accounts for their delayed 
clinical presentation, but also for the challenge as-
sociated with treating large infi ltrative tumors. Me-
tastases to the lung, liver, or lymph nodes occur in 
5%–40% of cases. Imaging with plain radiography 
or CT shows a large soft-tissue mass that involves 
the sacrum. Calcifi cation is seen in 90% of cases 
on CT. There is expansion and destruction of the 
involved portions of the sacrum and adjacent bones. 
Extension across the sacroiliac joint can occur, as 
can extension into the sacral canal and/or presacral 
involvement. Tumor extent can be assessed with CT 

or MRI, but is most optimally characterized with 
MRI. On MRI, chordomas are hypointense on T1-
weighted images, very hyperintense on T2-weighted 
MR images, and show variable enhancement fol-
lowing contrast administration (Fig. 24.16). These 
masses demonstrate a tumor stain on catheter an-
giography.

Giant cell tumor is the second most common pri-
mary sacral neoplasm (Murphey et al. 1996). While 
accounting for only 7% of spinal neoplasms, this tu-
mor shows a predilection for the sacrum (Fig. 24.17). 
These neoplasms tend to present within the third and 
fourth decades of life. Sacral lesions show a female 
preponderance. Giant cell tumors are usually benign 
neoplasms, but in 5%–10% of cases, malignant tumor 
behavior with metastases has been observed. Imag-
ing with plain radiography or CT will show a large 
expansile lytic lesion that may extend across the sac-
roiliac joint (Diel et al. 2001). Fluid-fl uid levels may 
occur secondary to intra-tumoral hemorrhage in 
what is a relatively hypervascular lesion; these can be 
observed either with CT or MRI, as can prominent 
contrast enhancement within soft tissue components. 
When they present with multiple fl uid-fl uid levels, gi-
ant cell tumors can simulate the appearance of an-
eurysmal bone cysts, which also present as expansile 
lytic lesions with hematocrit levels. Aneurysmal bone 
cysts, however, rarely occur within the sacrum (Diel 
et al. 2001). On MRI, giant cell tumors are hypoin-
tense on T1-weighted images, intermediate to hyper-
intense on T2-weighted images, and show a relatively 
hypointense pseudocapsule. Imaging with skeletal 
scintigraphy shows increased peripheral radiotracer 
uptake, the so-called “donut” sign. As these are hy-
pervascular tumors, catheter angiography will show 
a prominent tumor stain with neovascularity.

Fig. 24.15. A 57-year-old man with a chordoma, which is 
demonstrated on this non-enhanced axial CT image
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Primary sarcomas are malignant tumors that can 
occur within the sacrum. Approximately 7%–12% 
of chondrosarcomas involve the spine, with the sa-
crum being the most common location (Nguyen et 
al. 1993). Chondrosarcomas can arise as primary le-
sions within the sacrum or secondary to pre-existing 
lesions such as osteochondromas or Paget’s disease. 
On imaging, these tumors present as destructive 
masses on plain radiography. CT shows a soft mass 
that extends beyond the normal margins of the sa-
crum and contains areas of calcifi cation or mineral-

ization (Fig. 24.18). The tumors are hypointense on 
T1-weighted MR images and heterogeneously hyper-
intense on T2-weighted MR images. Though Ewing’s 
sarcoma infrequently involves the spine, the sacrum 
is the most common site of origin when spinal in-
volvement occurs (Whitehouse and Griffi ths 
1976). This tumor is found in a younger age group, 
90% of whom are between 5 and 30 years of age. It 
typically presents as a lytic, destructive lesion that 
can extend across the intervertebral disc; the latter 
situation may therefore simulate infection. Ewing’s 
sarcoma can also present as a sclerotic lesion. When 
a destructive lesion is seen within the sacrum in a 
child, the differential diagnosis should include Ew-
ing’s sarcoma, leukemia, and metastatic neuroblas-
toma. Primary sarcomas, such as osteosarcoma and 
fi brosarcoma, rarely involve the sacrum. There have 
been sporadic reports of other malignant tumors, 
including carcinoid and primitive neuroectodermal 
tumor, presenting with primary sacral involvement 
(Schnee et al. 1994).

The majority of primary benign neoplasms that 
occur within the spine rarely involve the sacrum. 
Cavernous hemangiomas are the most common pri-
mary neoplasm of the spine, but are infrequently 
found within the sacrum. These lesions, though be-
nign, can occasionally show an atypical or aggres-
sive lytic appearance, with an epidural soft-tissue 
component that may compromise neural structures 

Fig. 24.16a,b. An 81-year-old man with a 2-year 
history of low back pain and increasing weak-
ness in the lower extremities. A large lobulated 
heterogeneous mass is present. a Sagittal T2-
weighted image. b Sagittal T1-weighted image 
with gadoliniumba

Fig. 24.17. A 32-year-old woman with a giant cell tumor of 
the sacrum. A lytic soft-tissue mass replaces most of the left 
sacrum
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and cause pain. Osteoid osteomas account for 10% 
of spine tumors, yet only 2% are located within the 
sacrum (Murphey et al. 1996). Osteoid osteomas 
present in males in their second decade of life. A 
history of nocturnal pain that responds to salicy-
lates may be observed. These are small lesions that 
are characterized by the presence of a prominent 
hypervascular, hence enhancing, nidus that is sur-
rounded by an edematous zone of low attenuation 
on CT or hypointensity on T1-weighted images and 
hyperintensity on T2-weighted images. A periph-
eral zone of reactive sclerosis may be identifi ed on 
CT. Osteoblastomas, which share pathologic fea-
tures with osteoid osteomas but tend to involve the 
posterior elements, are exceedingly rare within the 
sacrum. Primary neoplasms that occur within the 
sacral canal are either derived from exiting nerve 
roots or the fi lum terminale and adjacent epidu-
ral fat. Lipomas are most often associated with a 
tethered cord and with other dysraphic fi ndings. 
Tumors that involve the exiting lumbosacral nerve 
roots include schwannoma, neurofi broma and, even 
more rarely, meningioma. These tumors are usually 
benign and can attain a large size prior to clinical 
presentation (Ortolan et al. 1996). Schwannomas 
and neurofi bromas, therefore, tend to present in 
adults (Fig. 24.19). Furthermore, as a result of this 
slow growth, the involved portions of the sacral ca-
nal and neural foramen will show expansion on im-

aging. It may not be possible to distinguish between 
a schwannoma and neurofi broma; however, when 
multiple neural tumors are seen, the diagnosis of 
neurofi bromatosis should be suspected (Fig. 24.20). 
Imaging with CT or MRI will show a variably-sized, 
enhancing soft-tissue mass that involves a nerve 
segment and is associated with bony remodeling 
of the sacral foramen and/or canal. Ependymomas 
can also rarely present as isolated tumors within the 
sacral canal. These ependymomas tend to be of the 
myxopapillary type and occur along the distal fi lum 
terminale (Moelleken et al. 1992).

Metastases account for the majority of sacral 
neoplasms (Fig. 24.21). The relatively large vol-
ume of the sacrum and its hematopoietic marrow 
content makes this structure a common target for 
hematogenous metastases. Common primary tu-
mor sites include lung, breast, prostate, and kidney 
(Disler and Miklic 1999). Metastatic disease is of-
ten initially imaged with skeletal scintigraphy and 
lesions usually present as foci of increased radio-
tracer uptake not only within the sacrum but also 
within other portions of the axial and appendicular 
skeleton. Imaging with plain radiography or CT will 
often demonstrate single or multiple variably-sized 
osteolytic lesions (Fig. 24.22). Sclerotic lesions can 
be observed with breast or prostate metastases. MRI 
will show well-circumscribed or ill-defi ned hypoin-
tense foci of marrow replacement on T1-weighted 

a

b

Fig. 24.18a,b. A 60-year-old woman with an incidentally de-
tected chondrosarcoma of the sacrum. There is a large mass 
destroying the sacrum. a Non-enhanced scout CT image. b 
Non-enhanced axial CT image. (Courtesy of Ruth Badler, 
D.O., Winthrop-University Hospital, Department of Radiol-
ogy)
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Fig. 24.19a,b. A 74-year-old woman with a sacral schwannoma. There is a heterogenous 
mass extending anteriorly from the sacrum, with areas of increased signal intensity on 
the T2-weighted image and marked enhancement with gadolinium. a Axial contrast-
enhanced T1-weighted MR image. b Sagittal T2-weighted MR image

a

b

Fig. 24.20a,b. Neurofi bromatosis, incidentally detected on a CT scan of the abdomen and pelvis which was performed for 
unrelated reasons. a There is enlargement of the neural foramina in the sacrum (arrows) on this axial CT image. There are 
innumerable masses anterior to the sacrum and iliac bones, as well as in the subcutaneous tissues. b Coronal CT reforma-

a b

Fig. 24.21. Axial non-enhanced T1-weighted axial image 
shows numerous focal lesions representing metastases in 
this 53-year-old woman
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images with variable hyperintensity on T2-weighted 
images. Contrast enhancement is best demonstrated 
with fat-suppressed T1-weighted images. Given that 
the sacral canal is the most dependent portion of the 
spinal canal, this location is a frequent site for cen-
tral nervous system neoplasms which disseminate 
into the subarachnoid space. High grade astrocyto-
mas, ependymomas, medulloblastomas, pineal pa-
renchymal tumors, and choroid plexus tumors are 
examples of neoplasms that can be associated with 
implants in the distal thecal sac at the level of the 
sacral canal. Contrast-enhanced MRI is the study of 
choice for assessing not only the distal sacral involve-
ment but also the entire neuraxis. Another source of 
secondary tumor involvement of the sacrum is con-
tiguous spread from adjacent pelvic neoplasms such 
as rectal carcinoma, prostate carcinoma, or uterine 
carcinoma. Regardless of the method of extension 
into the sacrum and sacral canal, patients with these 
lesions can present with sacral pain, sacral plexopa-
thy or cauda equina syndrome. Multiple myeloma 
may simulate the imaging appearance of metastatic 
disease with osteolytic lesions present in the sacrum 
and remainder of the spine. Isolated involvement of 
the sacrum by plasmacytoma has also been reported 
(Lanzieri et al. 1987). Lymphoma is another ma-
lignant neoplasm that may infi ltrate the sacrum or 
present as an epidural soft-tissue mass that involves 
the sacral canal and foramina (Fig. 24.23). When 
multiple lesions are present within the spinal axis, 
including the sacrum, the differential diagnosis 
should include metastases, multiple myeloma, and 
lymphoma. Clinical and biopsy correlation are often 
required in order to establish the diagnosis.

24.8 
Trauma

Sacral fractures resulting from acute traumatic injury 
carry a signifi cant risk of morbidity and long-term 
complications, most frequently in the form of neuro-
logical sequelae. Though they may be solitary, more 
often they occur in combination with other pelvic 
fractures (Denis et al. 1988). Injuries causing sacral 
fractures are usually high velocity impacts such as 
motor vehicle accidents and falls from a signifi cant 
height, where stress is transmitted through the pel-
vic ring to the sacrum (Hart et al. 2004). Despite an 
incidence of 10%–45% in pelvic ring injury, sacral 
fractures are often missed initially or sometimes 
entirely, as the other pelvic fractures are usually 
more readily apparent (Denis et al. 1988; Gibbons 
et al. 1990). Though pelvic fractures are more com-
mon, they rarely result in neurological defi cit with-
out a concurrent sacral fracture (Denis et al. 1988; 
 Gibbons et al. 1990; Hart et al. 2004). Pelvic frac-
tures have a 3%–15% incidence of neurological in-
jury, which increases to 34%–45% when only cases of 
pelvic fractures with concomitant sacral fracture are 
considered (Bellabarba et al. 2003). Unfortunately, 
these neurological defi cits may become chronic if not 
properly localized and promptly treated (Denis et al. 
1988). An association between non-contiguous tho-
racolumbar fractures and sacral fractures has been 
reported, which was noted in 26% of sacral fractures 
in one series (Albert et al. 1993).

The Denis classifi cation system draws connec-
tions between the mechanism of injury, the stabil-

Fig. 24.22a,b. Metastasis from hepatocellular carcinoma. 
a Contrast-enhanced axial CT image demonstrates a focal 
lytic lesion in the left sacrum (arrow). b Coronal CT refor-
mation displayed with a bone windowa

b
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ity of the resulting sacral fracture, and the extent 
and type of associated neurological involvement, 
and helps to predict neurological sequelae (Denis et 
al. 1988; Gibbons et al. 1990). In this system, zone I 
fractures involve the ala without extension into ei-
ther the foramina or the sacral canal; zone II frac-
tures involve one or more foramina and may involve 
the ala, but do not extend to the central sacral canal; 
and zone III fractures involve the sacral canal but 
may also pass through the other two zones (Denis 
et al. 1988). In an analysis of 236 patients with sacral 
fractures, the incidence of neurological involvement 
was 5.9% in zone I fractures, 28% in zone II frac-
tures, and 56% in zone III fractures. The types of 
neurological defi cit also varied, with the most seri-
ous defi cits resulting from zone III fractures (Denis 
et al. 1988).

Zone III fractures are the most likely to result 
in signifi cant neurological damage, usually in the 
form of bowel and bladder dysfunction. Fractures 
involving the sacral canal frequently result in bi-
lateral nerve root injury, which has been shown to 
be necessary to cause sphincter dysfunction. Zone 
III fractures can occur in both vertical and trans-
verse orientations. Vertical fractures usually result 
from lateral compression and vertical shear injuries, 
and are complicated by extensive pelvic involve-
ment. Transverse fractures through the canal are 
less common injuries that may occur without con-
current pelvis fractures, and are caused by direct 
force applied to the sacrum which is usually seen 
in falls from a height. If the transverse fracture oc-
curs above S4, severe neurological injury including 
bowel and bladder dysfunction is likely, whereas 

transverse fractures below this level are not likely to 
cause signifi cant defi cits (Denis et al. 1988; Gibbons 
et al. 1990). 

Accurate imaging of traumatic sacral fractures 
can be challenging. Plain radiography is usually the 
fi rst imaging test performed, but is often inadequate. 
Up to 35% of sacral fractures may go undetected and 
may only be appreciated in retrospect (White et al. 
2003). The natural curvature of the sacrum pre-
cludes accurate assessment of its superior aspect on 
frontal projection radiographs, and the lower por-
tions are often obscured on lateral views (Denis et 
al. 1988). Bowel gas, bladder, calcifi ed arteries, and 
pelvic pathology may obscure the sacrum and con-
tribute to the low accuracy for plain fi lm assessment. 
CT, therefore, is the preferred technique for imag-
ing sacral trauma (Albert et al. 1993; Hart et al. 
2004). CT can provide information on the location 
and orientation of fractures, which can be used to 
aid in clinical and surgical management and allow 
for more accurate assessment of neurological injury 
(Fig. 24.24). Multidetector CT with its ability to pro-
vide high quality multiplanar reformations facili-
tates this task. While it is not utilized in the acute 
phase of injury, MRI is often used to assess the loca-
tion and extent of neural injury.

Fatigue stress fractures occur in normal bone 
that is subjected to abnormal stress, usually in 
young, healthy, physically active individuals. While 
stress fractures in general are not uncommon in 
athletes, fatigue stress fractures of the sacrum are 
relatively rare (Ahovuo et al. 2004; Major and 
Helms 2000). Vertical body forces are concentrated 
and transmitted from the spine to the sacrum and 
sacral alae before further dissipating onto the iliac 
wings. When bone is subject to excessive repetitive 
stress, its normal mechanisms for remodeling may 
be overwhelmed; this causes a defi cit in the degree 
of bone reformation compared to bone resorption, 
which makes bone more vulnerable to stress frac-
tures (Johnson et al. 2001). Correspondingly, the 
most signifi cant risk factor for developing sacral 
stress fractures is an increase in impact activity sec-
ondary to an increase in exercise intensity (Johnson 
et al. 2001). Sacral stress fractures are more common 
in women, and it is theorized that this may be partly 
nutritionally-based. Amenorrhea is also common in 
high-performance female athletes, which often re-
sults in a decrease in bone density and increases the 
risk of fatigue stress fractures (Major and Helms 
2000). Because of their tendency to present with 
non-specifi c symptoms, sacral fatigue stress frac-

Fig. 24.23. B-cell lymphoma. Non-enhanced axial CT image 
shows tumor involving the sacrum and adjacent soft tissue 
(arrows)



  Imaging of the Sacrum 585

Fig. 24.24a,b. Sacral insuffi ciency stress fracture in a 76-
year-old woman. a Non-enhanced axial CT image. b Non-
enhanced coronal CT image

b

a

tures are often misdiagnosed as sciatica or lumbar 
spinal disc disease. This problem is compounded 
by a lack of awareness that this type of fracture can 
occur. Sacral stress fractures typically present with 
pain in the lower back or buttocks. Less often, pain 
may be referred to the groin or lower leg, and pa-
tients may develop tenderness that localizes to the 
region of the sacrum or sacroiliac joint (Ahovuo 
et al. 2004; Johnson et al. 2001; Major and Helms 
2000). With a high index of suspicion based on pa-
tient history and physical examination, the diag-
nosis can be made by correlation with appropriate 
imaging studies ( Johnson et al. 2001).

Fatigue stress fractures of the sacrum are fre-
quently unilateral. In a recent series of 31 patients, 
unilateral fracture was seen in 26 cases, with only fi ve 
having bilateral involvement (Ahovuo et al. 2004). 
Plain radiographic fi ndings include periosteal, end-
osteal, or medullary new bone formation. Discrete 
fracture lines are less often seen, as plain radiographs 
have a high false-negative rate. Skeletal scintigraphy 
is a highly sensitive test for the detection of stress 
fractures, but exact fracture localization may be dif-
fi cult in some cases (Johnson et al. 2001). Typical 
fi ndings include a round area of focal uptake in the 
ala, though some cases show more diffuse uptake in 
the sacral wing extending into the sacroiliac joint. A 
normal bone scan virtually excludes the possibility of 
sacral stress fracture. A typical positive bone scan ap-
pearance coupled with appropriate history and physi-
cal fi ndings may not need confi rmation with CT or 
MRI, especially if the patient subsequently shows an 
expected level of improvement following treatment. 
Multidetector CT with multiplanar reformations 
readily depicts suspected stress fractures. The charac-
teristic fi ndings are a vertical or oblique cortical dis-
ruption and sclerosis in the superior ala that extends 
into the fi rst or second sacral foramina; cortical bone 
shows lucency and thickening, while cancellous bone 
develops focal sclerosis (Johnson et al. 2001; Major 
and Helms 2000). MRI also allows for accurate local-
ization of sacral stress fractures. Characteristic MRI 
fi ndings include bone edema manifest as hypointense 
foci within the sacral ala on T1-weighted images, with 
corresponding high signal intensity on T2-weighted 
and STIR-images. Linear low signal may also be pres-
ent on all MR sequences, extending obliquely from 
the upper ala to the fi rst or second sacral foramina, 
indicating a discrete fracture line (Ahovuo et al. 
2004; Major and Helms 2000). MRI is considered to 
be as sensitive as bone scintigraphy in the detection of 
sacral stress fractures, though neither is as specifi c as 

CT (Ahovuo et al. 2004). In cases where MRI is non-
diagnostic, and there is increased suspicion for this 
diagnosis, CT evaluation is recommended. Each of 
these modalities has proven useful in detecting stress 
injury to the sacrum, but, to our knowledge, there is 
no general consensus as to which is the best study or 
combination of studies to obtain.

Insuffi ciency stress fractures occur when nor-
mal stress is applied to bone that is either weakened 
or displays decreased elastic resistance. In the last 
20 years, insuffi ciency fractures of the sacrum have 
gained increasing attention as a source of low back 
pain in the elderly population (Cooper et al. 1985; 
Peh et al. 1996; Schneider et al. 1985). Non-specifi c 
presenting symptoms and subtle radiographic fi nd-
ings have traditionally caused such fractures to be 
under-diagnosed. Though improvements in imaging 
studies have been partly responsible for the greater 
attention being paid to sacral insuffi ciency fractures, 
increased awareness has also played a large part. Os-
teoporosis has been implicated as the central predis-
posing factor for developing sacral insuffi ciency frac-
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Fig. 24.25a–e. Sacral insuffi ciency stress fracture in an el-
derly woman with subacute low back pain. a Non-enhanced 
axial CT image shows anterior sacral fractures, and het-
erogeneous and osteopenic bone throughout the sacrum. 
b Non-enhanced axial T1-weighted MR image reveals de-
creased signal intensity throughout the sacral alae. c Axial 
T2-weighted MR image demonstrates heterogeneous signal 
intensity in the sacrum. d Contrast-enhanced axial T1-
weighted MR image shows marked diffuse enhancement of 
the sacrum. e The “H” sign is evident on this anterior pro-
jection from a bone scan performed in this patient

a b

c d

e

tures ( Gotis-Graham et al. 1994). The vast majority 
of these fractures are seen in women. Radiation ther-
apy of the pelvis is another major risk factor (Rafi  
et al. 1988). Exposure above 40 Gy has been shown to 
induce atrophy of bone secondary to vascular supply 
damage, and irradiation may further weaken bone 
by exerting a direct effect on osteocytes (Rafi  et al. 
1988). Slow to present, these changes are not usually 
radiographically detectible for the fi rst year after 
treatment. Fractures are more likely to occur as the 

changes manifest, often seen progressing up to the 3rd 
to 5th year post-irradiation (Rafi  et al. 1988). Other 
common predisposing factors are long-term steroid 
use and rheumatoid arthritis (Cooper et al. 1985).

Clinically diagnosing sacral insuffi ciency frac-
tures is diffi cult due to the non-specifi c presenta-
tion (Schneider et al. 1985). These fractures usually 
occur without an inciting incident. When a patient 
reports a history of trauma, it is usually limited to 
a minor event (Cooper et al. 1985; Peh et al. 1996). 
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Patients typically present with low back pain, often in 
the region of the sacroiliac joints (Cooper et al. 1985; 
Stroebel et al. 1991). The pain may be acute in onset 
and exacerbated by weight bearing and ambulation. 
Suggestive of radicular compression, the pain com-
monly radiates to the buttock, hip, or lower extremi-
ties (Schneider et al. 1985). Local sacral tenderness 
and decreased range of lower back motion are com-
mon. Neurological fi ndings are otherwise normal 
(Gotis-Graham et al. 1994; Stroebel et al. 1991).

Sacral insuffi ciency fractures usually extend ver-
tically within the sacral alae, lateral to the margin 
of the lumbar spine (Fig. 24.25) (Cooper et al. 1985; 
Rafi  et al. 1988). Body weight is transmitted from the 
spine to the sacrum and sacral alae, then to the iliac 
wings. The location of sacral insuffi ciency fractures 
is consistent with this transfer of force as the causal 
mechanism (Gotis-Graham et al. 1994). Sacral in-
suffi ciency fractures are usually bilateral at the time 
of diagnosis (Cooper et al. 1985; Rafi  et al. 1988). 
It is thought that the fracture, which may initially 
be unilateral, becomes bilateral with more intense 
or continued stress. Further stress can also result 
in the development of a horizontal component, and 
this, in turn, may progress to completion of the frac-
ture, where the upper fragment is sometimes seen 
displaced anteriorly on the lower fragment (Gotis-

Graham et al. 1994). Sacral insuffi ciency fractures 
are often seen in association with other insuffi ciency 
fractures of the pelvis, most commonly the pubic 
bone and often involving the ilium.

Plain radiography is of limited use for specifi cally 
diagnosing sacral insuffi ciency fractures, as these 
patients are osteoporotic. The main radiographic 
fi nding is sclerosis, which results from endosteal cal-
lus formation and trabecular compression (Cooper 
et al. 1985; Gotis-Graham et al. 1994; Stroebel et 
al. 1991). These sclerotic changes may be very subtle, 
are often only appreciated in retrospect, or may be 
impossible to detect, especially in cases of very recent 
fractures that have not yet produced callus ( Gotis-

Graham et al. 1994; Rafi  et al. 1988;  Schneider 
et al. 1985). Skeletal scintigraphy has proven to be 
a useful test for detecting sacral insuffi ciency frac-
tures and is capable of demonstrating abnormalities 
before they are evident on plain fi lms (Cooper et 
al. 1985; Peh et al. 1996). The typical scintigraphic 
manifestation of a sacral insuffi ciency fracture is the 
“H” sign, which corresponds to increased uptake in 
the sacral alae as well as a transverse component 
corresponding to the sacral body (Peh et al. 1996; 
Schneider et al. 1985; Stroebel et al. 1991). While 

this pattern is considered pathognomonic, several 
incomplete variants may also be observed. It has re-
cently been shown that sacral insuffi ciency fractures 
are also detectable with positron emission tomogra-
phy (PET). Fractures inadvertently detected during 
metastatic screening may be misinterpreted as sites 
of tumor, as fi ndings characteristic for insuffi ciency 
fractures are not well-defi ned for PET. Correlation 
with cross-sectional imaging, especially with PET-
CT, can help to differentiate fractures from metasta-
ses (Fayad et al. 2003). 

CT can be used to evaluate sacral insuffi ciency 
fractures. CT images frequently show cortical dis-
ruption or fracture lines that are not visible on plain 
radiographs (Cooper et al. 1985; Peh et al. 1996). 
Sclerotic foci may also be identifi ed with CT. The CT 
fi ndings in sacral insuffi ciency fractures, however, 
can be subtle. MRI can reveal fracture lines earlier 
in the clinical course as compared to CT. MRI shows 
edema as an area of decreased signal intensity on 
T1-weighted images and increased signal intensity 
on T2-weighted images, but discrete fracture lines 
can also be seen. Detection is improved with the ad-
dition of contrast-enhanced fat-suppressed images.

References

Ahovuo JA, Kiuru MJ, Visuri TV (2004) Fatigue stress frac-
tures of the sacrum: diagnosis with MR imaging. Eur Ra-
diol 14:500–505

Albert TJ, Levine MJ, An HS et al. (1993) Concomitant noncontigu-
ous thoracolumbar and sacral fractures. Spine 18:1285–1291

Banna M (1985) Clinical radiology of the spine and the spinal 
cord. Aspen, Gaithersburg, MD

Barkovich AJ (2000) Pediatric neuroimaging, 3rd ed. Lippincott 
Williams & Wilkins, Philadelphia, pp 621–683

Batson OV (1995) The function of the vertebral veins and their 
role in the spread of metastases. Clin Orthop 312:4–9

Bellabarba C, Stewart JD, Ricci WM et al. (2003) Midline sagit-
tal sacral fractures in anterior-posterior compression pel-
vic ring injuries. J Orthop Trauma 17:32–37

Bennett DL, Ohashi K, El-Khoury GY (2004) Spondyloar-
thropathies: ankylosing spondylitis and psoriatic arthritis. 
Radiol Clin N Am 42:121–134

Borlaza GS, Seigel R, Kuhns LR,et al. (1981) Computed tomog-
raphy in the evaluation of sacroiliac arthritis. Radiology 
139:437–440

Cooper KL, Beabout JW, Swee RG (1985) Insuffi ciency frac-
tures of the sacrum. Radiology 156:15–20

Davis SW, Levy LM, LeBihan DJ et al. (1993) Sacral meningeal 
cysts: evaluation with MR imaging. Radiology 187:445–
448

Denis F, Davis S, Comfort T (1988) Sacral fractures: an im-
portant problem: retrospective analysis of 236 cases. Clin 
Orthop 227:67–81



588 A. Y. Choi, A. O. Ortiz, D. S. Katz, and S. J. Lypen

Diel J, Ortiz O, Losada R et al. (2001) The sacrum: pathologic 
spectrum, multimodality imaging, and subspecialty ap-
proach. Radiographics 21:83–104

Dietemann JL, Caille JM, Manelfe C et al. (1992) The sacrum: 
normal and pathological aspects. In: Manelfe, C (ed) Im-
aging of the spine and spinal cord. Lippincott Williams & 
Wilkins, New York

Disler DG, Miklic D (1999) Imaging fi ndings in tumors of the 
sacrum. Am J Roentgenol 173:1699–1706 

Dougados M, van der Linden S, Juhlin R et al. (1991) The Eu-
ropean spondylarthropathy study group preliminary cri-
teria for the classifi cation of spondylarthropathy. Arthritis 
Rheum 34:1218–1227

Fayad LM, Cohade C, Wahl RL et al. (2003) Sacral fractures: 
a potential pitfall of FDG positron emission tomography. 
AJR 181:1239–1243

Gibbons KJ, Soloniuk DS, Razack N (1990) Neurological injury 
and patterns of sacral fractures. J Neurosurg 72:889–893

Gierada DS, Erickson SJ, Haughton VM et al. (1993) MR imag-
ing of the sacral plexus: normal fi ndings. Am J Roentgenol 
160:1059–1065

Gotis-Graham I, McGuigan L, Diamond T et al. (1994) Sacral 
insuffi ciency fractures in the elderly. J Bone Joint Surg [Br] 
76:882–886

Hart DJ, Wang MY, Griffi th P et al. (2004) Pediatric sacral frac-
tures. Spine 6:667–670

Helms CA, Cann CE, Brunelle FO et al. (1981) Detection of 
bone-marrow metastases using quantitative computed to-
mography. Radiology 140:745–750

Horton KM, Ho AC, Frassica F et al. (2002) Optimal imaging 
of the sacrum: the role of spiral CT and 3D CT imaging – a 
pictorial review. Crit Rev Comput Tomogr 43:39–67

Johnson AW, Weiss CB, Sento K,et al. (2001) Stress fractures 
of the sacrum: an atypical cause of low back pain in the 
female. A J Sports Med 29:498–508

Klein MA, Winalski CS, Wax MR et al. (1991) MR imaging of 
septic sacroiliitis. J Comput Assist Tomogr 15:126–132

Lanzieri CF, Sacher M, Solodnik P et al. (1987) Unusual pat-
terns of solitary sacral plasmacytoma. Am J Neuroradiol 
8:566–567

Latchaw RE (1990) MR and CT imaging of head, neck and 
spine, 2nd ed. Mosby-Year Book, Chicago

Lemire RJ, Graham CB, Beckwith JB (1971) Skin–covered 
sacrococcygeal masses in infants and children. J Pediatr 
79:948–954

Llauger J, Palmer J, Amores S et al. (2000) Primary tumors of 
the sacrum: diagnostic imaging. Am J Roentgenol 174:417–
424

Luong AA, Salonen DC (2000) Imaging of the seronegative 
spondyloarthropathies. Curr Rheumatol Rep 2:288–296

Major NM, Helms CA (2000) Sacral stress fractures in long-
distance runners. AJR 174:727–729

Merine D, Fishman EK, Magid D (1988) CT detection of sacral 
osteomyelitis associated with pelvic abscesses. J Comput 
Assist Tomogr 12:118–121

Moelleken SM, Seeger LL, Eckardt JJ et al. (1992) Myxopapil-
lary ependymomas with extensive sacral destruction: CT 
and MR fi ndings. J Comput Assist Tomogr 16:164-166

Moore KL, Dalley AF (1999) Clinically oriented anatomy, 4th 
ed. Lippincott Williams & Wilkins, New York

Murphey MD, Andrews CL, Flemming DJ et al. (1996) Primary 
tumors of the spine: radiologic–pathologic correlation. Ra-
diographics 16:1131–1158

Murphey MD, Wetzel LH, Bramble JM et al. (1991) Sacroiliitis: 
MR imaging fi ndings. Radiology 180:239–244

Ng EW, Porcu P, Loehrer PJ Jr (1999) Sacrococcygeal teratoma 
in adults: case reports and a review of the literature. Cancer 
86:1198–1202

Nguyen BD, Daffner RH, Dash N et al. (1993) Case report 790. 
Mesenchymal chondrosarcoma of the sacrum. Skeletal Ra-
diol 22:362–366

O’Neill OR, Piatt JH Jr, Mitchell P et al. (1995) Agenesis and 
dysgenesis of the sacrum: neurosurgical implications. Pe-
diatr Neurosurg 22:20–28

Ortolan EG, Sola CA, Gruenberg MF et al. (1996) Giant sacral 
schwannoma. Spine 21:522–526

Parke WW (1992) Development of the spine. In: Rothman RH, 
Simeone FA, eds. The spine. 3rd edn. Saunders, Philadelphia

Patankar T, Krishnan A, Patkar D et al. (2000) Imaging in 
isolated sacral tuberculosis: a review of 15 cases. Skeletal 
Radiol 29:392–396

Patel MR, Louie W, Rachlin J (1997) Percutaneous fi brin glue 
therapy of meningeal cysts of the sacral spine. Am J Ro-
entgenol 168:367–370

Paulsen RD, Call GA, Murtagh FR (1994) Prevalence and per-
cutaneous drainage of cysts of the sacral nerve root sheath 
(Tarlov cysts). Am J Neuroradiol 15:293–297

Peh WCG, Khong P, Yin Y et al. (1996) Imaging of pelvic insuf-
fi ciency fractures. Radiographics 16:335–348

Puhakka KB, Jurik AG, Egund N, Schiottz-Christensen B et al. 
(2003) Imaging of sacroiliitis in early seronegative spondy-
loarthropathy. Acta Radiologica 44:218–229

Rafi i M, Firooznia H, Golimbu C et al. (1988) Radiation in-
duced fractures of sacrum: CT diagnosis. J Comput Assist 
Tomogr 12:231–235

Schey WL, Shkolnik A, White H (1977) Clinical and radio-
graphic considerations of sacrococcygeal teratomas. An 
analysis of 26 new cases and review of the literature. Radi-
ology 125:189–195

Schnee CL, Hurst RW, Curtis MT et al. (1994) Carcinoid tumor 
of the sacrum: case report. Neurosurgery 35:1163–1167

Schneider R, Yacovone J, Ghelman B (1985) Unsuspected sacral 
fractures: detection by radionuclide bone scanning. AJR 
144:337–341

Smith SE, Murphey MD, Motamedi K et al. (2002) From the 
archives of the AFIP: radiologic spectrum of paget disease 
of bone and its complications with pathologic correlation. 
Radiographics 22:1191–1216

Steinbok P et al. (1992) Intramedullary spinal cord tumors 
in children. In: Berger MS (ed) Pediatric neuro-oncology. 
Saunders, Philadelphia, pp 931–945

Stroebel RJ, Ginsburg WW, McLeod A (1991) Sacral insuffi -
ciency fractures: an often unsuspected cause of low back 
pain. J Rheumatol 18:117–119

Stürzenbecher A, Braun J, Paris S et al. (2000) MR imaging of 
septic sacroiliitis. Skeletal Radiol 29:439–446

Verbout AJ (1985) The development of the vertebral column. 
Adv Anat Embryol Cell Biol 90:1–122

White JH, Hague C, Nicolaou S et al. (2003) Imaging of sacral 
fractures. Clin Radiol 58:914–921

Whitehouse GH, Griffi ths GJ (1976) Roentgenologic aspects 
of spinal involvement by primary and metastatic Ewing’s 
tumor. J Can Assoc Radiol 27:290–297

Wittram C, Whitehouse GH, Williams JW et al. (1996) A com-
parison of MR and CT in suspected sacroiliitis. J Comput 
Assist Tomogr 20:68–72



  Subject Index 589

Subject Index

A

abscess
– epidural  524
– spinal cord  527
ACDF (anterior cervical discectomy and fusion)  399
achondroplasia  30, 194
acupuncture  117
agenesis
– caudal  25
– – type I  26
– – type II  26
– sacral  571
– sacrococcygeal  25
aging
– effects of aging  90
– normal vs. abnormal aging  133
AIDS  (acquired immunodefi ciency syndrome)  534, 557
alar ligament  264, 265
ALIF (anterior lumbar interbody fusion)  392, 399
analgetics  117
Andersson lesion  549, 554
aneurysmal bone cyst  498
– children  71
ankylosing spondylitis  349, 545, 575
– trauma  349
ankylosis  550
annular tear  138
– classifi cation  139
– imaging  140
annulus fi brosus  128
anterior atlanto-occipital ligament  264
anterior atlanto-occipital membrane  264
anterior cervical discectomy and fusion (ACDF)  399
anterior cord syndrome  316
anterior lumbar interbody fusion (ALIF)  392, 399
anterior subluxation  295
anterolisthesis  175
anteroposterior view  290
anti-depressant  118
arachnoiditis  384
– children  67
– tuberculous  532
arteriovenous malformation  444
artifi cial disc  406
astrocytoma  429
– children  80
atlanto-axial subluxation  308
atlanto-dental distance  48
atlas fracture  302, 308
axial loaded imaging  213

– classifi cation of changes  222
– complex dynamic modifi cation  222
– degenerative  214
– elementary dynamic modifi cation  215
– normal  213
– spinal stenosis  187

B
Baastrup’s disease  172
back school  117
bamboo spine  550
basilar invagination  29
bed rest  117
behavioural therapy  117
biomechanics  87
black disc  138
blood oxygen level-dependent (BOLD)  426
BMD (bone mineral density) 238
BOLD (blood oxygen level-dependent)  426
bone marrow
– benign hyperplasia  505
– children
– – MR appearance  48
– – red marrow
– – yellow marrow  48
– conversion  503
– differential diagnosis  516
– disorders  503
– imaging  507
– infi ltration  507
– Langerhans cell histiocytosis  515
– leukaemia  515
– lymphoma  512
– multiple myeloma  508
– normal  503
– red  503
– yellow  503
bone mineral density (BMD)  238
bone-within-bone  53
braces  107
brachyolmia  194
Brown-Séquard syndrome  316
burst fracture  306, 340
– cervical  306
– thoracolumbar 325

C
calcium pyrophosphate dihydrate (CPPD)  171, 199
Canadian C-spine rule  287
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cancellous bone  235
carcinomatous meningitis  463
cauda equina syndrome  195, 203, 363
caudal
– agenesis  25
– – type I  26
– – type II  26
– regression syndrome  25, 572
cavernous malformation  439
central cord syndrome  316
cervical sprain  318
cervical trauma  279
– anatomy  279
– anteroposterior view  290
– atlanto-axial subluxation  308
– atlas fracture  302, 308
– biomechanics  284
– burst fracture  306
– Canadian C-spine rule  287
– classifi cation  284
– clinical fi ndings  283
– craniocervical injury  306
– cross-table lateral view  288
– CT  291
– etiology  284
– extension injury  299
– fl exion injury  293
– fl exion-extension injury  291
– fl exion-rotation injury  297
– high-risk patient  291
– hyperextension injury  304
– imaging  287
– incidence  283
– instability  284
– laminar fracture  303
– lateral rotation injury  304
– level of injury  283
– morbidity  283
– MRI  293
– normal anatomic value  288
– occipital condyle fracture  313
– odontoid fracture  310
– open-mouth odontoid view  290
– pediculolaminar fracture  305
– penetrating injury  317
– pillar fracture  304
– spinal cord injury  316
– subluxation  318
– vertical compression injury  305
Chamberlain’s line  29
Chance fracture  342
chemical shift imaging  467
Chiari malformation  32
– Chiari I  32
– Chiari II  34
– Chiari III/IV  37
chondrosarcoma  580
chordoma  497, 579
Clay Shoveler’s fracture  296
cleft of C1  49
closed spinal dysraphism  9, 10, 13
– with subcateneous mass  13
– without subcateneous mass  17

Cobb angle  104
coccyx  569
complex dysraphic state  21
congenital
– malformations  3
– scoliosis  96
conventional radiography  329
corduroy  483
cortical bone  235
COST B13  122
Cotrel-Dubousset system  107
CPPD (calcium pyrophosphate dihydrate)  171, 199
craniocervical injury  306
craniodiaphyseal dysplasia  194
craniovertebral junction  263
cross-table lateral view  288
Currarino triad  26
cysticercosis  538
– children  66
cytomegalovirus (CMV)  535

D

dagger sign  550
degenerative disc disease  127
– annular tear  138
– axial loaded imaging  216
– bone marrow changes  152
– children  55
– classifi cation  131
– disc herniation  142
– Modic changes  128, 152
– nomenclature  131
– whiplash  260, 263
degenerative scoliosis  98
degenerative spondylolisthesis  174
Denis three-column concept  328
dermal sinus  19
dermoid  20, 77, 452, 574
– cyst  444
DEXA (dual-energy X-ray absorptiometry) 238
diastematomyelia  9, 22
– type I  23
– type II  23
diffuse idiopathic skeletal hyperostosis (DISH)  199, 350, 558
– trauma  350
diffusion-weighted imaging  425, 473
digastric line  29
disc  91
disc herniation  142, 381
– classifi cation  147
– contained  143
– migration  143
– pathophysiology  362
– recurrent  381
– regression  149
– sequestrated fragment  143
– surgery  363
– terminology  143
discal ballooning  550
discectomy  361, 371
discography  129
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DISH (diffuse idiopathic skeletal hyperostosis) 199, 350, 558
dorsal enteric fi stula  22
dorsal ramus  162
Down syndrome  31
drop metastases  452
dual-energy X-ray absorptiometry (DEXA)  238
dural fi stula  444
dysraphic state
– complex  21
– simple  17

E

effusion  163
elementary dynamic modifi cation  215
embryology  5
enteropathic spondylarthropathy  560
eosinophilic granuloma  499
ependymoma  430, 452
– children  80
– myxopapillary  438
epidermoid  77, 451, 574
epidural
– abscess  524
– hematoma  336
– lipomatosis  200
– scar  381
– steroid  118
evidence-based medicine  111
Ewing sarcoma  73
extension
– injury  299
– teardrop fracture  301
extradural tumor  67
extraforaminal disc herniation  368

F

facet joint  157
– angle  162
– ankylosis  550
– axial loaded imaging  218
– cyst  168
– degenerative changes  163
– dislocation  296
– effusion  163
– foraminal stenosis  172
– grading osteoarthritis  164
– hypertrophy  163
– infection in children  62
– injections  119
– joint space  164
– pain  162
– spinal stenosis  185
– spondylolisthesis  174
– subluxation  164
– synovium  160
– tropism  163
– underslipping  218
– upperslipping  218
– vacuum phenomenon  163

– whiplash  262
failed back surgery syndrome (FBSS)  365, 373
– defi nition  377
– etiology  373
fanning  295
fatigue stress fracture  584
FBSS (failed back surgery syndrome) 365, 373
fi lar lipoma  17
fi lum terminale
– lipoma  17
– tight  19
fl exion injury
 – cervical  293
 – thoracolumbar  339, 342
fl exion teardrop fracture  294
fl exion-distraction injury  347
fl exion-extension radiograph  291
fl exion-rotation injury  297, 346
fl uid-fl uid level  485, 579
foraminal stenosis  172
fracture, see cervical and/or thoracolumbar trauma
fracture-dislocation injury  346
functional
– imaging  426
– restoration  119
fungal
– infection  536
– meningitis  64

G

gangliocytoma  441
ganglioglioma  440
gastrulation  5
giant cell tumor  498, 579
Gorlin’s syndrome  194
gossybipoma  385
graft subsidence  410

H

Hangman’s fracture  300
hardware failure  410
Harrington
– instrumentation  107
– rod  402
Haversian canal  236
hemangioblastoma  438, 452
hemangioma  489, 580
– children  70
– sacrum  580
hematoma  378
hemicord  23
hemimyelocele  12
hemimyelomeningocele  12
hemorrhage  419
Hensen’s node  5
herniectomy  361, 371
herpes simplex  535
histiocytosis X  515
HIV (human immunodefi ciency virus) 534



592 Subject Index

HLA-B27  544, 559, 561
honey-combing  483
human immunodefi ciency virus (HIV)  534
hydrocephalus  419
hydrosyringomyelia  32
hyperextension  299, 304
hyperplasia  505
hypertrophy  163

I

idiopathic scoliosis  97
infection
– AIDS  534
– bacterial  523
– children  56
– – epidural  62
– – extradural  57
– – facet joint  62
– – intradural extramedullary  64
– – intramedullary  67
– – meningitis  64
– – parasitic  62
– clinical symptoms  521
– cytomegalovirus  535
– epidural abscess  524
– fungal  536
– herpes simplex  535
– HIV  534
– myelitis  527
– parasitic  538
– route of spread  521
– spinal cord abscess  527
– spondylodiscitis  523
– tuberculosis  529
– viral  534
instability  225, 284, 328
instrumentation  391
– anterior  402
– posterior  402
insuffi ciency fracture  241, 585
– differentiation from malignant fractures  243
– spinal cord injury  249
interbody grafts and implants  399
interspinous ligament  161
intertransverse ligament  161
intervertebral disc  91, 127
 – age-related changes  132
 – anatomy  128
 – annulus fi brosus  128
 – black disc  138
 – blood supply  129
 – calcifi cation  554
 – imaging  129
 – intranuclear cleft  132
 – lesions  128
 – normal  132
 – nucleus pulposus  128
 – prostheses  395, 406
 – trauma  320, 336
 – vacuum phenomenon  135
intervertebral herniation  142

intervertebral osteochondrosis  133
intradural extramedullary tumor  445
intradural lipoma  17
intramedullary lipoma  17
intramedullary tumor  427, 439
intranuclear cleft  132
intraoperative
– image guidance  407
– ultrasound  426
ivory vertebra  492

J

Jefferson’s fracture  305
jumped facet  297
juxtafacet cyst  168

K

King-Moe classifi cation  99
kissing spine  172
Klippel-Feil syndrome  31, 97
Kummell’s disease  351

L

laminar fracture  303
Langerhans cell histiocytosis  515
lateral bend fi lms  103
lateral rotation injury  304
Lenke classifi cation  99
leukaemia  515
ligament  92, 264
– alar  264, 265
– anterior atlanto-occipital
– disruption  334
– interspinous  161
– intertransverse  161
– nuchal  264
– sacrospinous  570
– sacrotuberous  570
– sprain  318
– supraspinous  161
– tectorial  264
– transverse  264, 265
– yellow  161
ligamentum fl avum  161
– axial loaded imaging  218
– calcifi cation  170
– cyst  169
– hypertrophy  170
– ossifi cation  170
limbus vertebra  55, 142
lipoma  444, 451
– dural defect  13
– fi lar  17
– intradural  17
– intramedullary  17
lipomyelocele  9, 13
lipomyelomeningocele  14
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lipomyeloschisis  13
listhesis  216
low back pain  113
– acupuncture  117
– analgetics  117
– anti-depressants  118
– back schools  117
– bed rest  117
– behavioural therapy  117
– diagnosis  114
– epidural steroids  118
– exercise  117
– facet joint injections  119
– functional restoration  119
– guidelines  122
– history taking  114
– imaging  115
– lumbar supports  119
– massage  118
– muscle relaxants  118
– non-specifi c  113
– non-steroidal anti-infl ammatory drugs  118
– physical examination  115
– spinal manipulation  118
– traction  118
– treatment  115
lumbar support  119
Luque rod  402
lymphoma  444
– malignant  512
– non-Hodgkin  72
– primary  72

M

magnetic resonance (MR)
– angiography  424
– spectroscopy  425
– tractography  425
malignant fracture  243
Marfan’s syndrome  571
Maroteaux-Lamy syndrome  192
massage  118
McGregor’s line  29
mechanical behavior  89
melanoma  440
meningioma  450
– children  77
meningitis
– carcinomatous  463
– children  64
– – fungal  64
– – tuberculous  64
meningocele  14
metastatic disease  439
– children  73
– differential diagnosis  470
– diffusion-weighted imaging  473
– drop metastases  452
– epidural  464
– imaging  466
– intradural extramedullary  452

– intramedullary  439, 461
– leptomeningeal  463
– melanoma  440
– paraspinal  464
– sacrum  581
– vertebral  465
MIBI scan  466
micro-endoscopic discectomy  367
Modic changes  128, 152
Morquio syndrome  193
motion segment  158
mucopolysaccharidosis  192
multiple myeloma  495, 508
multiple sclerosis  456
muscle relaxant  118
myelocele  11
myelocystocele  15
– nonterminal
– terminal  15
myelography  188
myelomeningocele  9, 11
myeloschisis  11

N

narrowing of disc space  216
necrotizing polyradiculitis  536
neoplasm  579
nerve root avulsion  336
nerve sheath tumor
– children  74
– intramedullary  444
neural plate  5
neural tube  6
neurenteric cyst  22
neurofi broma  445
neurofi bromatosis  571
neurogenic claudication  203
neurulation  5
– primary  5
– secondary  6
NEXUS study  287
nomenclature of degenerative disc disease  131
non-Hodgkin lymphoma  72, 512
nonpyogenic infection  60
non-specifi c low back pain  113
non-steroidal anti-infl ammatory drug  118
nonterminal myelocystocele  17
normal motion pattern  213
normal variants
– cervical vertebrae in children  49
– clefts of C1  49
– lumbar vertebrae in children  51
– pseudoluxation  49
– thoracic vertebrae in children  51
– wedging  49
notochord  5
nuchal ligament  264
nuclear trail sign  140
nucleus pulposus  128
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O
occipital condyle fracture  313
odontoid fracture  310
OEIS  (omphalocele, bladder exstrophy, imperforate anus, 

spine defect) 25
OLF (ossifi cation of the thoracic ligamentum fl avum)  170
oligodendroglioma  444
open spinal dysraphism  9, 11
open-mouth odontoid view  290
OPLL (ossifi cation of the posterior longitudinal ligament)  

170
ossifi cation
– center  46
– of the posterior longitudinal ligament (OPLL)  170
– of the thoracic ligamentum fl avum (OLF)  170
osteoblastoma  498
– children  70
osteoblasts  237
osteoclasts  237
osteoid osteoma  497, 581
– children  70
– sacrum  581
osteopenia  238
osteophytes  550
osteoporosis  235
– diagnosis  239
– fractures  241
– imaging  237
– primary  237
– risk factors  238
– secondary  237
– treatment  251
– T-score  239
– Z-score  239
osteosarcoma
– children  73

P

Paget’s disease  199, 492, 567, 576
paraganglioma  450
parasitic infection  62, 538
parasyndesmophytes  558, 559
pars interarticularis  176
pediculolaminar fracture  305
penetrating injury  317
percutaneous disc decompression  366
perineural cyst  572
periosteal reaction  480
persistent terminal ventricle  20
pillar fracture  304
placode  8
plasmacytoma  495
PLIF (posterior lumbar interbody fusion) 392, 402
polka dot  483
positron emission tomography  427
posterior arch  160
posterior atlanto-axial membrane  164
posterior atlanto-occipital membrane  264, 270
posterior lumbar interbody fusion (PLIF)  392, 402
postoperative spine
– arachnoiditis  384
– artifi cial disc  406

– axial loaded imaging  227
– complications  373, 378, 407
– contrast enhancement  377
– discectomy  371
– endplates  377
– epidural scar  381
– FBSS  373, 377
– graft subsidence  410
– hardware failure  410
– Harrington rods  402
– hematoma  378
– herniectomy  371
– imaging  373, 397
– instrumentation  402
– interbody grafts and implants  399
– Luque rods  402
– normal  376
– pseudarthrosis  408
– pseudomeningocele  380
– radiculitis  384
– recurrent disc herniation  381
– spinal fusion  398
– spondylodiscitis  378
– stenosis  386
– textiloma  385
prevertebral
– soft tissue  49
– space  289
primary curves  99
primary lymphoma  72
primary neurulation  5
primitive streak  5
promontory  569
prostheses  395
proteoglycan  128
pseudarthrosis  408
pseudoluxation  49
pseudomeningocele  380
pseudo-radicular pain  162
psoriatic arthritis  557, 575
pyogenic spondylitis  57

R

radiation necrosis  456
radiculitis  384
randomized controlled trial (RCT)  111
RCT (randomized controlled trial)  111
recurrent disc herniation  381
red fl ags  114
red marrow  48
regression of disc herniation  149
Reiter’s syndrome  559
retethering  12
retrogressive differentiation  6
rheumatoid arthritis  199, 543, 575
ring apophysis  51
Risser sign  105
Romanus lesion  549, 554
rotatory atlanto-axial dislocation  298
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S
SAC (space available for the cord)  204
sacral
– agenesis  571
– hiatus  570
– plexus  570
sacrococcygeal
– agenesis  25
– teratoma  72
sacroiliac joint  570
sacroiliitis  546, 553, 557, 559–561, 574
sacrospinous ligament  570
sacrotuberous ligament  570
sacrum  567
– anatomy  569
– chondrosarcoma  580
– chordoma  579
– congenital  571
– cysts  572
– dermoid  574
– embryology  569
– epidermoid  574
– fatigue stress fracture  584
– fracture  583
– giant cell tumor  579
– hemangioma  580
– infection  576
– infl ammation  574
– insuffi ciency stress fracture  585
– metastases  581
– osteoid osteoma  581
– Paget’s disease  576
– stress fracture  584
– teratoma  572
– trauma  583
– tumor  579
sagittal
– balance  105
– imbalance  222
SAPHO (synovitis, acne, pustulosis, hyperostosis, and oste-

itis) 560
sarcoidosis  456
Scheuermann’s disease  55, 351
Schmorl’s node  55, 142, 351
schwannoma  445
scintigraphy  466
SCIWORA (spinal cord injury without radiological abnor-

malities)  316
scoliosis  95
– braces  107
– classifi cation  99
– clinical features  101
– Cobb angle  104
– congenital  96
– CT-scan  106
– curve location  99
– defi nition  95
– degenerative  98
– diseases and syndromes  98
– genetics  97
– idiopathic  97
– imaging  103
– imaging interval  104

– King-Moe classifi cation  99
– lateral bend fi lms  103
– Lenke classifi cation  99
– major curve  101
– measurements  104
– MRI  106
– natural history  102
– neuromuscular disorders  98
– prevalence  101
– primary curves  99
– progression  102
– risk factors  103
– sagittal balance  105
– secondary curves  99
– skeletal maturity  105
– structural curves  99
– surgery  107
– traumatic  98
– treatment  107
secondary curves  99
secondary neurulation  6
segmental spinal dysgenesis  28
seronegative spondylarthropathy  543, 574
Sharpey’s fi ber  129
shiny corner  549
signal intensity  483
simple dysraphic state  17
simple wedge fracture  293
skeletal maturity  105
somites  7
space available for the cord (SAC)  204
spina bifi da  7
spinal cord
–abscess  527
–injury  249, 316, 336
spinal development  46
spinal dysgenesis
– segmental  28
– classifi cation  8, 9
– closed  9, 10, 13
– open  9, 11
– sacrum  571
spinal epidural infection  62
spinal fusion  398
spinal instability  211
spinal stenosis  185
– achondroplasia  194
– acquired  189
– axial loaded imaging  187, 219
– brachyolmia  194
– cauda equina syndrome  195
– classifi cation  189
– clinical symtoms  203
– congenital  189
– CPPD  199
– craniodiaphyseal dysplasia  194
– degenerative  194
– DISH  199
– epidural lipomatosis  200
– etiology  191
– facet joint  195
– imaging  204
– metabolic disorders  192
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spinal stenosis (Continued)
– mucopolysaccharidosis  192
– neurogenic claudication  203
– Paget’s disease  199
– postoperative  386
– rheumatoid arthritis  199
– space available for the cord (SAC)  204
– spondylolisthesis  192
– surgery  208
– therapy  208
– Torg ratio  204
– trauma  199
split cord malformation  22
spondylarthropathy  543, 574
spondylitis
– children  57
– – nonpyogenic  60
– – pyogenic  57
– – tuberculous  60
spondylodiscitis  378, 561
– bacterial  523
– clinical symptoms  523
– postoperative  378
– tuberculous  529
spondylolisthesis  192
– axial loaded imaging  216
– classifi cation  175
– degenerative  174, 179
– grading  176
– isthmic  176
– traumatic  300
spondylosis deformans  133
Stagnara oblique view  103
stenosis  172, 386
stress fracture  5884
structural curves  99
subcutaneous mass  13, 17
subependymoma  438
supine oblique view  290
supraspinous ligament  161
surgery
– approaches  391
– benefi ts  364
– cages  391
– complications  378
– discectomy  361, 379
– extraforaminal disc herniation  368
– herniectomy  361, 376
– indications  363
– instrumentation  391
– micro-endoscopic discectomy  367
– percutaneous disc decompression  366
– PLIF  392
– prostheses  391
– risks  364
– spinal stenosis  208
– techniques  365
swimmer’s view  290
synchondrosis  50
syndesmophytes  550, 558
synovial cyst  168

T

Tarlov cyst  572
teardrop fracture  294, 301
tectorial membrane  264, 367
teratoma  572
– sacrococcygeal  72
terminal myelocystocele  15
tethered cord  8
textiloma  385
thoracolumbar trauma  325
– anatomy  326
– associated injuries  325
– biomechanics  326
– burst fracture  340
– classifi cation  339
– CT  330
– disc injury  336
– epidural hematoma  336
– fl exion distraction  342
– – injury  347
– fl exion-rotation injury  346
– fracture  339
– – dislocation  327, 346
– hyperfl exion compression fracture  339
– imaging  329
– instability  328
– level of injury  325
– ligaments  334
– MRI  332
– nerve root avulsion  336
– plain fi lm  329
– predisposing conditions  349
– spinal cord injury  336
tight fi lum terminale  8, 19
TLIF (transforaminal lumbar interbody fusion)  402
tonsillar ectopia  32
Torg ratio  204
toxoplasmosis  538
traction  118
transforaminal lumbar interbody fusion (TLIF)  402
transitional vertebra  135, 571
transverse ligament  264, 265
trauma
– cervical, see cervical trauma
– lumbar, see thoracolumbar trauma
– sacrum  583
– thoracic, see thoracolumbar trauma
– whiplash, see whiplash
traumatic scoliosis  98
treatment of low back pain  115
– acute and subacute  117
– chronic  118
trolley-track sign  550
tropism  163
T-score  238
tuberculoma  533
tuberculosis  529
tuberculous spondylitis  60
tumor
– aneurysmal bone cyst  498
– astrocytoma  429
– calcifi cation  480
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– children  69
– – extradural  67
– chordoma  497
– classifi cation  427
– clinical symptoms  418
– density  482
– dermoid  452
– – cyst  444
– differential diagnosis  455, 476
– eosinophilic granuloma  499
– ependymoma  430, 452
– epidermoid  451
– extradural  475
– fl uid-fl uid levels  485
– gangliocytoma  441
– ganglioglioma  440
– giant cell tumor  498
– grading  431
– hemangioblastoma  438, 452
– hemangioma  489
– hemorrhage  419
– hydrocephalus  419
– imaging  419, 476
– intradural  417
– – extramedullary  445
– intramedullary  427, 439
– Langerhans cell histiocytosis  515
– leukaemia  515
– lipoma  444, 451
– lymphoma  444, 512
– meningioma  450
– morphology  480
– multiple myeloma  495, 508
– myxopapillary ependymoma  438
– nerve sheath tumor  444, 445
– neurofi broma  445
– oligodendroglioma  444
– osseous  475
– osteoblastoma  498
– osteoid osteoma  497
– paraganglioma  450
– pattern  483
– periosteal reaction  480
– plasmacytoma  495
– schwannoma  445
– signal intensity  483
– subependymoma  438

U
uncovertebral joint  127

V

VACTERL (vertebral anomalies, anal atresia, cardiac abnor-
malities, tracheoesophageal fi stula, renal agenesis, and limb 
defects)  25

vacuolar myelopathy  534
vacuum phenomenon  129, 135, 163
variegated picture  546
vertebra  89
– ivory  492
– plana  483
vertebral metastases  465
vertical compression injury  305
Volkmann’s canal  236

W

wedge fracture  293
wedging  49
whiplash  257
– alar ligaments  267
– biomechanics  263
– chronic pain  263
– defi nition  257
– degenerative changes  260, 263
– facet joints  262
– grading  259
– high-resolution MRI  265
– imaging  260
– incidence  257
– ligaments  264, 272
– mechanism  258
– outcome  260
– posterior atlanto-occipital membrane  270
– structural correlate  262
– symptoms  259
– tectorial membrane  270
– transverse ligament  267

Y

yellow ligament  161
yellow marrow  48

Z

Z-score  238
zygoapophyseal joint  157
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