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Foreword

During recent years the important role of ultrasound in the diagnosis and management of
musculoskeletal diseases has become well established. The specific strengths of this modal-
ity become quite evident in the examination of children because of the absence of ionising
radiation and the close interaction between examiner and patient.

This volume highlights the role of ultrasound as a primary or adjuvant diagnostic modal-
ity in a range of musculoskeletal disorders and describes its contribution for problem solving
and for better patient management.

The eminently readable text is completed by superb illustrations.

The editor, D. Wilson, is a world-renowned expert in the field with a great dedication and
interest in paediatric ultrasound. The authors of individual chapters were invited to partici-
pate because of their long-standing experience and major contributions to the radiological
literature on the topic.

I would like to thank the editor and the authors and congratulate them most sincerely for
their superb efforts that have resulted in this outstanding volume.

This book will be of great value not only for general and paediatric radiologists but also
for paediatricians and paediatric orthopaedic surgeons. It will provide all of these specialists
with state-of-the-art information on a narrow but fascinating medical field.

I am confident that it will meet the same success with readers as previous volumes in this
series.

Leuven ALBERT L. BAERT



Preface

When I started examining patients with ultrasound for musculoskeletal disorders we were
still using static “B” scanners. CT was a new invention and MRI did not exist. Whilst my
contemporaries were enthusiastically specialising in the use of nuclear medicine and ultra-
sound, I chose to take an interest and eventually a full-time specialisation in a system rather
than a machine. The principal strength of this choice is that I use all imaging methods and
hopefully have insight into their advantages and weaknesses in each potential application. It
does mean that I have little knowledge of what goes on in the abdomen, chest or brain and
that, for better or worse, I will have to work with orthopaedic surgeons and rheumatologists
for the remainder of my career.

Reading textbooks on imaging I am struck by the sometimes tortuous reasoning that
others employ to explain why their preferred technique is useful to make a diagnosis in all
illnesses. They are at times blinkered to the strengths of a rival method and often overlook
the potential for correlation of the signs on more than one technique. My view is that mus-
culoskeletal radiologists should be skilled in the interpretation of plain films, ultrasound,
nuclear medicine, CT and MRI. To miss out one of these is to be like a gardener with a fork
and rake but no spade. There is no place for rivalry as all are needed to carry out an accurate,
safe and effective practice.

I was asked to edit a text on paediatric musculoskeletal imaging. I have chosen to empha-
sise the role of ultrasound, which is very well suited to the examination of children, who
commonly will not lie still, require reassurance by personal contact and need a non-invasive
and comfortable method of examination. We are all aware of the dangers of ionising radia-
tion and the potential for fear and anxiety when inside the bore of an MR system. However,
CT and MRI are powerful means of making a diagnosis, and sedation or anaesthesia are
practical options.

Clinicians, therapists and diagnosticians need to understand the strengths and weak-
nesses of each imaging method with knowledge of the alternative methods.

This book describes a range of practical problems in diagnosis and therapy where ultra-
sound has a significant role to play. In some circumstances ultrasound is the most effective
means of diagnosis, as in the assessment of developmental dysplasia or stress-testing the
integrity of a tendon. We consider the support ultrasound lends to other methods, perhaps
confirming a diagnosis, for example the detection of inflammatory synovitis in juvenile
arthropathy. Lastly, we discuss where ultrasound is a weaker alternative to other more com-
prehensive methods, such as in the detection of periosteal reaction over an area of osteomy-
elitis.

We do not cover those areas of musculoskeletal practice where ultrasound has no current
role. For example, CT and MRI are the most effective means of making a diagnosis of hind-
foot coalition, but ultrasound cannot show us the deep structures.



Ultrasound machines vary widely in their ability to realise images of superficial lesions.
In musculoskeletal applications most lesions are near the surface and care must be taken
to select the best equipment . Even the latest machines may fail in this area, and thorough
knowledge of the technology is important to guide our patients to effective diagnosis and
treatment.

Ultrasound, CT and MRI demand a wide knowledge of anatomy, including variations of
normal. Ultrasound is a dynamic examination, and the examiner must also understand the
biomechanics and function of the regions studied.

The authors of the chapters in this book are all renowned musculoskeletal imaging spe-
cialists. They have been briefed to discuss all the imaging appropriate to a suspected diagno-
sis, and we hope that the reader will gain an understanding of where each method fits into a
modern practice.

Oxford DavID WILSON
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1.1

Introduction

There are a large number of congenital birth defects
that affect the spine and appendicular skeleton. They
range from isolated defects affecting one part of the
body to complex syndromes with several body sys-
tems involved. In practice most patients are atypical
and some may cynically suggest that each case is a
new syndrome. However, there are real reasons for
giving as accurate a description as possible. Prog-
nosis and outcome may be predictable and there is
likely to be concern about the type of inheritance.
Geneticists will look for as precise a diagnosis as
possible and radiology, especially plain films, is part
of that process (Fig. 1.1).

D. WiLson, FRCP, FRCR

R. CHEUNG, FRCR

Department of Radiology, Nuffield Orthopaedic Centre, NHS
Trust, Windmill Road, Headington, Oxford, OX3 7LD, UK

The dysplasias that predominantly involve the
skeleton may be classified in a variety of ways, but
the commonest is to define the part of bone most
affected, epiphysis, metaphysis or diaphysis. Sub-
groups include the region of the skeleton most
affected or other nonskeletal disorders. For exam-
ple, spondyloepiphyseal dysplasia is a condition that
affects the epiphyses and the spine.

There are a good number of texts that compre-
hensively describe syndromes that affect the muscu-
loskeletal system and the reader is referred to them
for the analysis of a particular case. In this chapter,
we deal with those disorders where the imaging has
a particular pivotal role in management and where
ultrasound (US) has a special value.

1.2
Developmental Dysplasia of the Hip

1.21
Clinical Background

Developmental dysplasia of the hip (DDH) is a
diagnosis made when the infant’s hip is either
abnormally shallow or even dislocated at birth
but also when a shallow hip fails to mature to one
that is mechanically stable. Its cause is not fully
understood. Although there is a genetic predispo-
sition, there is also evidence that abnormal stress
on the hip in the later stages of pregnancy may
lead to modelling deformity [1]. If untreated, a full
dislocation will lead to the child failing to walk
normally at around one year of age. A shallow and
potentially unstable hip may not cause any symp-
toms until much later in life when the abnormal
stresses lead to an acetabular labral tear or pre-
mature osteoarthritis. DDH diagnosed in infancy,
by clinical examination and plain film analysis,
is reported to occur between one and three times
per thousand live births; the incidence of shallow
or dysplastic acetabulae is much more frequent



Fig. 1.1 Plain film of the forearm of a child with metaphyseal
chondrodysplasia. This examination is part of a full skeletal
survey.

[2]. It is difficult to identify statistics to support
this comment, but experience suggests that per-
sisting shallow acetabulae are at least ten times
more common. Whilst many of these children will
remodel and spontaneously recover stability, some
will fail to mature properly and require a variety of
complex surgical procedures [3]. It has been argued
that around one-tenth of hip replacements are per-
formed for premature osteoarthritis secondary to
mild or subclinical hip dysplasia.

D. Wilson and R. Cheung

The goals of diagnosis and treatment are to permit
affected children to walk normally and to prevent
premature degeneration. We consider detection and
treatment separately.

1.2.2
Role of Imaging in Detection

Most developed countries have established clinical
screening methods to detect children with dislo-
cated or dislocatable hips and there are advocates of
this as the sole screening test [4]. The manoeuvres
of Ortolani and Barlow are effective in detecting
around 74% of cases of dislocation or subluxation
that may be demonstrated on imaging. The level
of training and experience required to accurately
perform these tests is substantial, and sadly the
task is often placed in the hands of the more junior
members of the team. There are undoubtedly occa-
sions when a child with DDH is overlooked when a
clinical abnormality might have been detected by
a more experienced clinician. Training and audit
of practice are crucial, but even in the best hands
there will be errors, as clinical manoeuvres alone are
not capable of detecting every case. Indeed it is also
likely that some stable hips become unstable, and
if the timing of the clinical examination does not
coincide with this developing problem then a child
may miss the chance of early treatment that could
potentially limit or reverse the process.

The need for early diagnosis is based on the
window of opportunity that exists in the first few
months of life when relatively simple treatment
may be very effective. Methods range from wearing
double nappies to splint therapy and corrective sur-
gery. In general the later the diagnosis is made the
harder the treatment will be, leading to greater risk
of complications and a higher chance of failure [5].
There is a real need for a method of diagnosis that
is simple, cheap, safe and effective, and US arguably
provides such a technique. Unfortunately, the prac-
tice of US screening for DDH has developed with no
randomized control trials to judge its efficacy, and
the only evidence is from observational studies,
albeit with very large numbers of cases [6].

In early infancy plain films will not show the fem-
oral head or much of the acetabulum as these struc-
tures are not ossified until later in the first year of
life. Whenever reasonable, plain film examination
should be deferred until 3 to 6 months of age when
more structures are ossified. Radiographs will dem-
onstrate malalignment of the hips and show anoma-
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lies of the pelvis and sacrum. The initial plain film
examination should be performed without any
gonad shielding as this normally overlaps parts of
the pelvic ring and sacrum. Defects in these areas
such as sacral agenesis may otherwise be masked.
Subsequent examination should use the shields to
minimize radiation dose. Despite these comments,
subtle or even moderate degrees of acetabular dys-
plasia will not be seen on plain films, especially in
early infancy when treatment is more effective.

CT and MRI would be effective ways of exam-
ining the cartilaginous parts of the hips and they
would allow assessment of the three-dimensional
shape of the acetabulum. However, the high radia-
tion burden from CT and the need for anaesthesia or
sedation for most infants undergoing MRI preclude
these as practical screening methods. US is safe, rel-
atively cheap and repeatable with no need to sedate
the infant. Its disadvantages are that it is labour-
intensive and it requires skill and specific training
both to perform and interpret the images. Studies
have shown great sensitivity for US and a number
of national bodies now require routine US screen-
ing of infants for hip dysplasia. Others, including
those of the United Kingdom, recommend that US is
used only in infants at high risk of developing DDH
(Table 1.1).

Fig.1.2 US examination of the hip
images the cartilaginous structures that
are invisible on plain films in a coronal
plane.

Table 1.1 Risk factors for DDH

Female (not a criterion commonly used
in high-risk screening protocols)

First degree relative with hip dysplasia
Premature birth

Breech presentation

Other congenital limb defects

Spinal defects

1.2.2.1
US Methods

1.2.2.1.1
Morphology

The method pioneered and developed by Reinhart
Grafin Austria has gained the widest acceptance [7].
The infant is examined shortly after birth or at least
in the first 6 weeks. The infant is laid in a foam-lined
trough in the lateral decubitus position. The knee
and hip of the uppermost side are flexed. The US
probe is placed in a true coronal plane over the hip
and the angle adjusted to give an image that shows
the maximum depth of the acetabulum (Fig. 1.2).




Care must be taken not to place the probe at an
oblique angle to the coronal plane as the hip may
be made to look erroneously deep or shallow. The
need for a precise plane of imaging is a critical issue
that demands training and audit of the technique.
Measurements are made from the US image to assess
the amount of the bony and cartilaginous cover of
the femoral head by the acetabulum either using
angles or the Morin (Terjesen) method in which the
proportion of femoral head lying within the cavity
is measured (Fig. 1.3) [8, 9], or the Graf technique
(Fig. 1.4). Hips that are shallow in comparison to the
normal population are reassessed at an interval of 1
or 2 weeks and if there is failure to develop normal
acetabular cover then splint therapy is commenced.
Immediate therapy is started without a follow-up
study when the child has already reached an age
where the opportunity to treat would be lost.

1.2.2.1.2
Dynamic Examination

Whilst there is some evidence that treatment may be
based solely on the shape of the acetabulum, others

D. Wilson and R. Cheung

argue that subluxation is a dynamic process and
using the real-time capabilities of US it is possible
to detect abnormal movement predicting dysplasia
with perhaps greater sensitivity. The methods used
vary but in general they are modifications of the
stress tests of Ortolani and Barlow combined with
US examination [10]. Gentle but firm pressure is
placed on the upper part of the leg as if to subluxate
the hip in a posterior and/or lateral direction. Move-
ments of as little as 1 mm may be detected. How
much movement is normal is contentious but some
argue that over 2 mm of displacement on light stress
is significant and requires treatment. It is probably
wise to use both static and dynamic assessment in
each case.

1.2.3
Role of Imaging in Treatment

The rate of splint therapy varies with individual prac-
tices and is said to be higher in those medical envi-
ronments where strict conformity with treatment for
abnormal US grading of acetabular dysplasiais applied.

LA R NN T
I-.l..-.

Fig. 1.3 US of the hip in the coronal plane
with lines drawn to measure the amount
of the head confined within the acetabu-
lum (Morin/Terjesen method). A ratio of
the overall width of the head is used as
reference.
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Fig.1.4 US of the hip in the coronal
plane with lines drawn to measure the
Graf angles. A table of measurements
is used to classify the shape of the hip
[7].

Alternatively, it is argued that US screening may allow
safe reduction in the numbers treated [11, 12].

Once an abnormal hip has been detected (Fig. 1.5)
and treatment established there is a need to follow
progress both of the shape of the acetabulum and the
maturation of the bone. Over-aggressive manipulation
and splint therapy may damage the growing epiphysis
which will lead to deformity and delay in ossification.
The latter is seen best on plain films or MRI. A reason-
able approachisto repeat the US examination at follow-
up appointments every 2 to 4 weeks during splint ther-
apy [13] and then to perform a plain radiograph at the
end of treatment or at 3 months of age (Fig. 1.6) [14].
Delay in ossification of the shallow side is expected but
osteonecrosis will show much more severe retardation
and then fragmentation. If there is doubt an MR study
with coronal and axial T1- and T2-weighted images
will detect or exclude femoral head necrosis.

When surgery is required to relocate a dislocated
hip then imaging with an axial cross-section technique
(CT or MRI) is important to ensure correct reduction
[15-17]. Frontal view plain films may easily lead to pos-
terior dislocation being overlooked. Lateral plain films

are usually uninterpretable in a child with the hips in
a plaster spica. The child is usually sedated and quiet
immediately after surgery and the limbs are held in a
cast; it is therefore relatively simple to acquire cross-
sectional images. MR is the preferred technique to avoid
radiation, although CT is equally effective (Fig. 1.7).

Planning of corrective osteotomies will require
careful imaging. A combination of plain films, CT
with thin low-dose sections and reconstruction, and
MRI may be required [18]. Measurements may be
taken from the workstation. Surface 3D reconstruc-
tion images are sometimes an aid to the surgeon.
Newer software algorithms that give semitranspar-
ent images from multislice CT are especially useful
as they mimic plane films and are better appreciated
by those undertaking surgery.

1.2.4
Potential Developments

US examination is playing a greater role in the
monitoring of suspect dysplastic hips [19] and will
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Fig. 1.5 US of a hip that is severely sub-
luxed and almost dislocated. The “egg”
of the femoral head is not sitting in the
“spoon” of the acetabulum. The ace-
tabular cartilage labrum is echogenic
(bright), a sign seen when the tissue is
stressed mechanically.

Fig.1.6 The plain film appearances of
the infant with hip subluxation seen
at 3 months of age. The right femoral
capital epiphysis has not ossified and
the femur is aligned in a shortened and
laterally placed position. The acetabu-
lum is very shallow.
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Fig.1.7 Axial MRI immediately after
surgical reduction of a dislocated hip
with the pelvis in a plaster spica. The
right femoral head is small and the
acetabulum shallow but they are now
properly aligned.

increasingly be used to determine the type and dura-
tion of treatment [20]. It is likely that our under-
standing of how and when to treat will advance as
we use US to study outcome of therapy.

One area of contention is whether early treat-
ment by splint therapy is effective. Large numbers of
infants have been the subject of routine US screen-
ing and US-guided therapy in central European
countries. Early data suggest that the incidence of
late presentation dislocation of the hip may be much
lower if not abolished [21, 22]. It will be interesting
to see what happens to the rates of hip replacement
in adults in the same population.

Doppler US or MRI with intravenous contrast
agents has been advocated as a means of predicting
osteonecrosis of the treated hip. Technically these
are difficult examinations and these methods have
not gained wide acceptance. It might be argued that
once the damage to the vascular supply has occurred
there is little that can be done to reverse the process,
and the treatment will be salvage of what remains
of the femoral head when the repair processes are
complete.

Universal screening of all infants for DDH using
US may seem a sensible approach but there is no con-
sensus that this is reasonable at present [7, 23-28].

Not least is the doubt that splint treatment is neces-
sary in all abnormal cases [29]. National policies on
screening will in part reflect these awaited outcome
studies but they may also be influenced by resources
and health-care funding [30, 31]. The research will
have to stand up to strict scrutiny before govern-
ments are likely to release the substantial funds
required to establish universal US screening for
DDH ([32].

1.3
Focal Defects

1.31
Clinical Background

Apart from systemic disorders or syndromes there
are infrequent cases of congenital limb deficiency or
malformation. Thalidomide-associated phocomelia
is the best known of this type of lesion (Fig. 1.8).
Sporadic cases of unknown cause are the most fre-
quent now that greater care is taken over prescribing
any drugs during pregnancy. Focal defects include
missing bones, absent joints, single forearm or lower



leg bones, and absence of a segment in a dermato-
mal pattern. There are sometimes associated abnor-
malities of other systems, e.g. Holt-Oram syndrome
where radial deficiency in the forearm is associated
with a cardiac lesion.

Defects of limb formation are now often recog-
nized during pregnancy particularly at the 20-week
“anomaly screening” examination [33-35]. It is
common for the paediatric orthopaedic surgeon to
be asked for advice on how such lesions might be
treated by parents anticipating the need of their
unborn child.

1.3.2
Role of Imaging

Imaging will be required to define the extent of the
defect, predict progressive deformity that may occur
during maturation and to plan surgical correction. In
general the key is to define the anatomy as well as
possible. Technically this is often very difficult. The
infants are small and they move. The bone is not yet
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Fig.1.8 The hand and vestigial upper
limb of a child with phocomelia.

ossified and the structures involved are very abnormal
in shape. A combination of imaging will be required.

Plain films are a prerequisite. They should be
taken in planes as close to frontal and lateral as pos-
sible. Complex projections tend to confuse. MRI is
very effective but the best surface coils and thinnest
sections should be used. Conforming to true sagit-
tal, coronal and axial planes will help. Conventional
spinechoimagesare probablythe easiesttointerpret.
Cortical bone will be of low signal on all sequences
and difficult to see. Cartilage gives high signal on
T2-weighted images. In the immature skeleton it is
difficult to differentiate unossified cartilage from
adjacent soft tissue. In a deformed limb the pattern
and age of ossification is variable and unpredict-
able. A combination of CT and MR is useful as the
bones are much better seen on CT and the cartilage
is easiest to discriminate on T2-weighted images.
US is very effective in showing unossified cartilage
and the dynamic element allows the examiner to
bend joints and demonstrate whether there is an
intact joint or potential joint in an unossified carti-
lage block. US is most productive if performed after
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plain film and cross-sectional examinations. The
examiner should have all previous imaging to hand
before the US study. Rarely, contrast agents may
be needed to demonstrate joint spaces; these may
be introduced by needles guided by US and then
imaged by fluoroscopy.

1.3.3
Potential Developments

Improved resolution of MR and US equipment will
be invaluable in assessing these complex cases. The
optimum timing for surgery and therefore imaging
is not always clear and as experience increases this
question may be answered.

14
Talipes Equinovarus

1.4.1
Clinical Background

Club foot is a condition of unknown cause, although
it has been noted that the incidence is increased
fourfold after amniocentesis. In some cases there is
an association with a neurological defect, but there
are also genetic and perhaps vascular factors [36,
37]. It usually presents at birth but the condition is
increasingly being recognized at prenatal anomaly
screening by US [38, 39]. There are several classifi-
cation systems but none is linked to management
protocols [40]. Treatment has been little changed
for some time. Manipulation, splinting and often
surgical soft tissue release are employed. For late
problems, osteotomy and fusion are occasionally
required [41].

1.4.2
Role of Imaging

Imaging is now often used to make an intrauterine
diagnosis. For postnatal assessment some use MRI to
assess the bony anatomy but the structures are very
small and infants often will require anaesthesia for
effective examination. Ossification of the hind foot
bones is minimal in the infant where surgery is first
considered. For this reason CT has little to offer, but
plain films will help to clarify the overall alignment
of the major bones. Plain radiographs are taken with

an assistant holding a wooden block against the foot
to achieve a “standing” position of the foot. The align-
ment of the hind foot is most important; MR studies
have shown abnormal rotation and equinus of the
calcaneus [42, 43]. The axis of the talus should align
with the first metatarsal and the axis of the calca-
neus should align with the fourth or fifth metatar-
sal (Fig. 1.9a). On a “standing” lateral view the talus
should align with the first metatarsal whilst the cal-
caneus should make an angle of 10-30° with the talus
and align with the first metatarsal (Fig. 1.9b). The
observer should first judge the alignment of the hind
foot as varus, valgus or normal. Then the relative
position of the forefoot on the frontal (a.p.) view may
be assessed. Hind foot valgus usually leads to a com-
pensatory forefoot varus. The talus may be normally
aligned or in a vertical position. The most common
malalignment of the calcaneus is into “equinus” posi-
tion. Named after the position of the horse’s calca-
neus, this implies an abnormal vertical alignment
of the calcaneus with an excessively high arch to the
mid-foot. US has the advantage of being dynamic and
will assess the soft tissues in all but the most agitated
of children [44]. It can also demonstrate the position
of unossified bones [45]. As the aim of imaging is to
define the abnormalities to allow planning of surgery,
there must be close collaboration and understanding
between the ultrasonographer and the surgeon. For
this reason MR is probably the most useful technique
[46].

MR imaging may be technically demanding as
the deformity makes standard planes difficult to
identify and reproduce. It is often easiest to strap the
foot to a plastic or wooden splint to achieve as close
to normal alignment as possible, this being equiva-
lent to the walking position. The three conventional
planes (coronal, sagittal and axial) are then used with
sequences designed to contrast cartilage, muscle and
tendon. T2-weighted fast spin echo is the most useful.
Attention should be paid the number and alignment
of the hind foot bones. Tibialis posterior tendon ten-
sion is often implicated and it is helpful to identify
this tendon. Despite the potential for demonstrating
the static anatomy, many surgeons will rely on clinical
examination and the response to manipulation under
anaesthesia for their diagnosis, classification and
assessment. Postoperative imaging is probably best
achieved with MRI [47, 48] when the position of bone,
unossified cartilage and tendons may be studied.

There are links between lower limb deformity
and spinal lesions so that careful clinical review of
the spine with consideration of specific imaging is
important in all children with foot deformities [49].
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Fig. 1.9a,b. a AP; b lateral. Bilateral talipes equinovarus. Note that the axes of the calcaneus and the talus do not align respectively
with the fourth/fifth metatarsals and the first metatarsal on the AP view. The talus does not align with the first metatarsal on
the lateral view.

1.4.3
Potential Developments

Prenatal diagnosis will lead to prompt treatment.
It may be that more effective management results.
It seems to us that imaging is not being exploited
effectively in the management decision-making,
and there is a need for prospective studies using
both MR and US. US has the potential to assess
tethering and limitation of motion.

1.5
Neural Tube Defects

1.5.1
Clinical Background

Incomplete closure and errors in development of
the neural tube in utero lead to the common clini-
cal syndromes of spina bifida, myelomeningocele
and secondary hydrocephalus. There is now a
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considerable expertise in the prenatal diagnosis of
these lesions by US and this subject is dealt with
in detail in many texts. As a result there is the
option of termination of pregnancy with a reduc-
tion in the number of children born with these
abnormalities. The most common presentation to
imaging departments is now for the assessment of
infants who have a sacral dimple or tuft of hair at
the base of the spine.

Older children who have spinal column abnor-
malities including hemivertebrae, butterfly verte-
brae, spinal cord tethering, diastematomyelia and
syringomyelia may present with a deteriorating sco-
liosis. The management is often surgical with repair
or release of tethered structures and instrumenta-
tion and osteotomy for the bony deformity.

1.5.2
Role of Imaging

Prenatal imaging is particularly important in allow-
ing parents to made decisions regarding the con-
tinuance of pregnancy. US has significant advan-
tages in accuracy over MRI, although both may be
required in borderline or complex cases [50-52]. For
open neural tube defects, closed myelomeningocele
and cranial abnormalities MRI is the technique of
choice [53]. This topic is dealt with in neuroradio-
logical texts [54].

There are a number of disorders where the neural
tube is intact but the bony architecture of the spine
is abnormal. Children and adolescents who pres-
ent with a lordoscoliosis or a kyphoscoliosis may
be divided into those who have a congenital lesion
(Fig. 1.10) such as a hemivertebra or spinal cord
tethering and those who have a progressive struc-
tural change with no vertebral anomalies (idio-
pathic scoliosis and idiopathic kyphosis). Some ado-
lescents may show endplate abnormalities that were
not present in infancy; these include Scheuermann’s
disease and several skeletal dysplasias.

The imaging of vertebral column abnormalities
has several goals:

1. To identify vertebral defects that might lead to
progressive deformity

2.To identify neural tissue lesions that may damage
the spinal cord function as the child matures

3.To measure the degree of deformity

4.To follow the progress of the disease and judge
response to treatment

5.To plan surgery

6.To check for complications of surgery.
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Techniques that are available are:

Plain films:

Show vertebral defects

- Hemivertebrae (Fig. 1.10)

- Butterfly vertebrae (Fig. 1.11)

- Wedged vertebrae

- Fused (block) vertebrae

- Endplate irregularity

Show the overall alignment if taken whilst the

child is standing

- Require long films or detectors

- Measurements are affected significantly by minor
changes in projection

Rotational deformities are difficult to measure

and compare between examinations

Mass neural lesions

- Spinal cord tethering

- Lipoma of the cord

- Closed neural tube defects

- Diastematomyelia (split cord)

- Cord tumours

Substantial radiation dose in young people

- Limits repeat examination

Films taken bending will show correctable (sec-

ondary) curves

Fig. 1.10 Scoliosis with a short curve and vertebral anomalies.
Two pedicles are missing on the left.



12

“Cobb” angle measurement

- Take the endplates of the vertebrae above
and below the lesion that show the maximum
angulation; measure the angle between these two
endplates

- Be aware that minor rotation in subsequent films
will lead to a different result

Back shape photographic methods
(photogrammetry):
No radiation and easy to perform
- Use projected light to image the shape of the
back
- Require the young person to undress
Needs special equipment
- Often bespoke and difficult to replace
Addresses the commonest complaint—cosmetic
deformity of the chest
Does not show the underlying abnormalities
Easy repletion and good reproducibility
Allows for rotation in calculation of spinal curva-
ture and chest wall deformity
Measures the size of the chest wall “hump”

MRI:
No ionizing radiation
Shows all the bone and cord anomalies
Requires a careful and complex series of sequences
for example:
- Cervical sagittal T2 fast spin echo
- Foramen magnum defects
— Chiari malformations (cerebellar tonsil
herniation and fused vertebrae)
- Syringomyelia
- Thoracolumbar coronal T1 spin echo
Scoliosis
- Some vertebral anomalies especially
hemivertebrae and butterfly vertebrae
- Demonstrates kidneys (renal lesions are a
common association with congenital spine
deformity)
- Thoracolumbar sagittal T2 fast spin echo
- Spinal cord tethering
- Fused vertebrae
- Meningocele
- Lipoma of the cord
- Cord tumours
- Thoracolumbar axial T2* gradient echo (wide
coverage)
- Split cord (may be missed on coronal and
sagittal images)
- Diastematomyelia (Fig. 1.12)
- Meningocele

D. Wilson and R. Cheung

Young children may need to be sedated
Cannot be performed standing (except in very
uncommon standing MR units)

US:
No ionizing radiation
Limited to soft tissue changes
Spinal cord masked by the vertebral arch
More useful in infants
Shows CSF pulsation
Sedation not required
Effective in excluding cord tethering and neural
tube defects in infancy

Myelography (with or without CT):
An outdated technique replaced by MR
Rarely needed if MRI is contraindicated, e.g. cra-
nial surgical clips
Invasive and difficult
Cannot show internal lesions of the cord
Radiation dose substantial as a wide area of exam-
ination is important

CT:
A useful adjunct to MR in complex bone defor-
mity
Requires complex multiplane reconstruction
Best viewed on a workstation

Infants with tufts of hair at the base of the spine
and sacral dimples are most often normal. The role
of imaging is to exclude meningoceles, spinal cord
tethering and large bony neural arch defects. Care
should be taken not to alarm the parents and family
when there is an isolated bony arch defect as these
are very common in the normal asymptomatic adult
population. In the newborn infant ossification of the
cartilage bony arch progresses from the region of the
pedicles and it is easy to look at the partial ossifica-
tion margins and regard them as abnormal. The most
effective imaging method is US [55-57]. It is fast and
accurate. The infant may be examined whilst held
against the parent’s chest. A linear array high-reso-
lution probe is required and extended view imaging
assists (Fig. 1.13). The examiner should identify the
conus medullaris which should have its tip ataround
the first lumbar vertebra (Fig. 1.14). The neural arch
is best seen on axial images (Figs. 1.15, 1.16). The
conus moves with respiration. Tethering will reduce
the movement and pull the conus lower down the
canal. Fat is echogenic (white) and a lipoma of the
filum will be clearly differentiated from the echo-
free (black) cerebrospinal fluid (CSF). Meningoceles
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Fig.1.12 MRI of a diastema-
tomyelia.

Fig.1.11 A butterfly vertebra.

SPINE LS|

Fig.1.13 Sagittal extended-
view US image of a normal
cord. The conus finishes at
the arrow.
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will contain CSF and communications will be iden-
tified by the neck or isthmus. Their communication
with the central canal will be demonstrable by pul-
sation of CSF.

MR should be used in doubtful or complex cases
[58, 59] (Figs. 1.17, 1.18). MRI will be needed when
abnormalities are found and treatment is being con-
sidered. It provides a better “road map” for the sur-
geon [60].

We suggest the following protocols:

e vigs
o L i

D. Wilson and R. Cheung

Fig. 1.14 Axial US image
of a normal filum ter-
minale.

T e i A4

Fig.1.15 Axial US image
of an intact neural arch.

Suspected neural tube defect in infancy: US; if
abnormal then MRI

Scoliosis: plain film standing; if smooth curve then
treat; if short radius curve, vertebral defects, pain
or neurological symptoms then MRI

MRI difficult to interpret: CT

MRI contraindicated: CT myelography
Conservative treatment follow-up: photogramme-
try

Surgical follow-up: plain films standing; if diffi-
cult to interpret then CT
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Fig.1.16 Axial US image of a bifid
neural arch.

Fig. 1.17 Sagittal fat-suppressed T2-weighted
MR image of a child with a tethered cord and Fig. 1.18 Sagittal fat-suppressed T2-weighted MR image of a
syringomyelia. child with a myelomeningocele.
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1.5.3
Potential Developments

US assessment of dimples and hair tufts is only
available in a limited number of centres. Training
and experience will expand its use.
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2.1
General Principles

Injury is the response of tissue to kinetic energy
applied to the body. Damage may occur locally or dis-
tant from the site of trauma due to transmitted forces,
and may be acute or chronic arising from repetitive
strains. Chronic overuse injuries are particularly
important in the young athlete. There are funda-
mental differences in the young skeleton and that
of the mature adult, which lead to disparate patterns
of injury from the same degree of force. In order to
understand patterns of skeletal injury one first must
understand their kinetic chain and the effect of force
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upon it. The aim of this chapter is to give the reader
an understanding of the factors affecting the nature
of skeletal injury with specific emphasis on the role
of musculoskeletal ultrasound (US).

2141
Biomechanics

The kinetic chain is the functional unit that allows
us to move the skeleton. The skeleton provides
essential soft tissue support with joints determin-
ing the body’s range of movement. Muscles and ten-
dons provide the forces to actively move and control
the skeleton while also serving as active stabilizers
along with ligaments and capsule giving soft-tissue
stability to joints. The nature of injury to these
structures results from the application of force to
these elements.

Any force if large enough will produce failure in
the skeleton in a predictable way. The site of fail-
ure will usually be at the weakest point within the
structure, this varies with the age of the patient and
obviously differs depending on the forces applied.
In the skeletally immature patient the kinetic chain
differs from adults in that growth plates are pres-
ent around joints and at apophyses (tendon bone
junctions). A large acute force will usually result in
bone injury at its weakest point. This is the junction
between mature and growing bone, i.e. the epiphysis
or apophysis [1]. Fractures in patients of this age are
thus usually either apophyseal avulsions or Salter-
Harris type injuries to the growth plate. Repetitive
strain is a common mechanism for sports-related
injury and occurs as a result of forces large enough
to damage but not cause structural failure of a tissue.
The insult is then reapplied cyclically (i.e. during
training) before complete tissue healing occurs.
With each cycle the tissue weakens until eventu-
ally the force applied is larger than the tissue toler-
ance and complete structural failure ensues. These
forces are usually complex as a result of differing
sports and patient biomechanics, although they will
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have either a predominantly passive compressive or
active distractive nature.

Passive compressive forces result more in damage
to osseous structures and are particularly seen in
associationwithhighimpactcyclicalinjury (i.e.long-
distance running on hard surfaces). In the skeletally
immature patient injury again usually occurs at the
site of growing bone. The very young and in those
patients approaching maturity, failure can occur
elsewhere in the kinetic chain. The diaphysis of long
bones as in the very young can be the site of injury
as the bone itself has differing mechanical proper-
ties making this the weakest point. In older patients
fusing epiphysis similarly no longer represents the
weakest point in the chain and compressive forces
can result in stress injury to the diaphysis. Changes
can be seen within joints and are normally seen in
association with compressive or rotational (twisting
and varus/valgus stress) forces. Within joints osteo-
chondral injury occurs much more commonly than
internal or ligamentous disruption except where
there are pre-existing congenital variants such as
discoid menisci in the knee.

Active forces are related to the contraction of the
muscle tendon unit. Injury most commonly occurs
in muscles crossing two joints as these are inher-
ently subject to greater forces. Common examples of
such muscles are the biceps in the upper limb or the
gastrocnemii, hamstrings and the rectus femoris in
the lower limb. In the musculoskeletally immature
patient the apophysis represents the weakest point
in this chain and is thus the most commonly injured
site in cyclical injuries. As the patient approaches
maturity an increase in incidence of musculotendi-
nous junction injuries will become apparent as the
apophyses begin to fuse.

In general the type of force and the age of the
patient tend to determine the site at which that fail-
ure will occur within the musculoskeletal system,
with the biomechanics of the individual determin-
ing the pattern of injury. For example, patients who
are skeletally mature presenting with calf muscles
tears. The nature of the force will be very similar in
all patients—normal explosive contraction of the
calf muscles. The musculotendinous junction is the
point of structural failure with the biomechanics
determining which muscle will fail. For example,
some patients tear soleus rather than gastrocnemius
and some patients tear the lateral rather than medial
musculotendinous junction. The individual’s bio-
mechanics determine the pattern of injury with the
site of failure determined by the nature of the force
and the age of the patient.

P.J. O’Connor and C. Groves

2.1.2
Imaging

Management of paediatric trauma requires close
communication between the clinician and the inves-
tigating radiologist. The clinical history is vital,
since the mechanism will usually predict the likely
injury. Appropriate imaging may then be requested.
For example, suspected muscle or tendon rupture
is best assessed with US, while stress fractures may
be missed on plain film and require radionuclide
scintigraphy. In the adolescent, osteochondral inju-
ries are commonly encountered and these require
cross-sectional imaging, usually with MR. Special
consideration should be given to the young athlete
who is more likely to suffer from chronic overuse
syndromes. The patterns of injury may be predicted
from the type of sport, with lower limb injuries often
arising from football and basket ball, upper limb
in baseball and swimming, and overuse injuries in
swimming, gymnastics and throwing sports [2].

2.2
Acute Trauma

2.2.1
Acute Fracture Patterns

2.2.1.1
Diaphyseal and Metaphyseal Injuries

The biomechanical properties of growing bone may
lead to incomplete, greenstick fractures, which are
peculiar to children. Immature bone is more porous
and less dense than adult bone due to increased
vascular channels and a lower mineral content.
Increased plasticity and elasticity of young bone
means that it is more likely to bend or buckle than
to snap. The periosteum is thicker, more elastic and
less firmly bound to bone, so it will usually remain
intact over an underlying fracture. Healing and
remodelling is therefore more predictable than in
adults and non-union is rare.

RoGERs [1] classifies these injuries broadly as clas-
sic greenstick, torus and bowing fractures. The clas-
sic greenstick fracture arises from bending forces,
which produce a complete break of the cortex on the
tension side and plastic deformation of the opposite
cortical border. The resulting fracture line may then
extend at right angles to its medial extent, causing
a longitudinal split in the shaft. Classic greenstick
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fractures are seen in the mid-shaft of the radius,
ulna and clavicle. The torus fracture is produced
by compressive forces, which cause the cortex to
buckle, and occurs most commonly in the distal
radius and ulna. Bowing or plastic fractures result
from angulation and compressive forces producing
a gradual curve across the length of the whole bone.
These may be easily overlooked by the unwary, and
occur most frequently in the distal radius and ulna.
Spiral fractures due to torsion may occur in the
lower limbs where they have been termed toddler’s
fractures. Typically these are a non-displaced
oblique fracture of the distal tibia but it is recog-
nized that other bones may be involved, and most
present between the ages of 1 and 3 years [3]. Tod-
dler’s fractures rarely involve the epiphyses, and are
usually solitary injuries with little or no associated
bruising. These are important discriminators when
the possibility of child abuse is being considered.

2.2.1.2
Physeal Injuries

Damage to the physis may lead to temporary or per-
manent disturbance of growth. Growth plate inju-
ries are usually classified according to the Salter-
Harris system where the higher the value assigned
to a fracture pattern the worse the prognosis. Most
of these fractures are apparent on plain radiographs,
which may demonstrate epiphyseal displacement.
Other signs include widening of the physis, and
loss of definition of the opposing surfaces of the
epiphysis and metaphysis [4]. The peak incidence
of growth-plate injury occurs during adolescence,
perhaps due to increased exposure to high-energy
trauma combined with weakening of the growth
plate that occurs with puberty [5]. Epiphyseal inju-
ries are commoner in males, probably due to greater
exposure to trauma and sport, and to the relative
delay in epiphyseal closure [1].

2.2.1.3
Apophyseal Injuries

Anapophysisisagrowthcentrewhereatendonattaches
tobone. Its cartilaginous growth plate remains weaker
than the attached musculotendinous unit until it fuses
atthe time of skeletal maturation (Table 2.1). Applying
the principle of failure at the weakest link, it is pre-
dictable that a sudden forceful muscular contraction
may cause apophyseal separation. Young athletes are
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Table 2.1 Common sites of apophyseal avulsion in the hip
and pelvis with the age of fusion and the responsible avulsing
muscle group [6]

Apophyses Fusion (years) Related muscle group
Anterior inferior ~ 16-18 Quadriceps

iliac spine

Anterior superior 21-25 Sartorius

iliac spine

Lesser trochanter  16-17 Iliopsoas

Greater trochanter 16-17 Gluteal

Ischial tuberosity =~ 20-25 Hamstrings

Iliac crest 21-25 Abdominal obliques,

latissimus dorsi

prone to apophyseal avulsion, particularly in sports
requiring sudden powerful acceleration or change
of direction such as football, dance and gymnastics.
Apophyseal injuries occur most commonly around
the pelvis, with the most frequent sites being the ante-
rior inferior iliac spine, anterior superior iliac spine,
iliac crest and ischial tuberosity [6]. Acute avulsion
injuries are seen on the plain radiograph as crescentic
osseous fragments and may heal with abundant callus
due to associated haematoma (Fig. 2.1) [7]. This may
lead to unusual radiographic appearances, which can
be mistaken for tumour. MR imaging may help to
clarify the diagnosis and avoid a potentially mislead-
ing biopsy [8]. Note that healing fractures may exhibit
cellular change that can be similar to that seen in
aggressive tumours.

Clinically, it is often difficult to distinguish
between a simple muscle strain and an apophyseal
avulsion. The plain radiograph may be unhelpful if
the ossification centre of the apophysis has not yet
formed. However, in young athletes the correct diag-
nosis is necessary to establish the appropriate treat-
ment and rehabilitation programme. Lazovic et al.
[9] described the use of US in 243 cases of suspected
apophyseal avulsion. They found it to be more sensi-
tive than plain radiography, with the advantage that
US allows dynamic examination to elicit an unstable
apophyseal avulsion.

One particular injury of note is the patellar sleeve
fracture. This involves avulsion of the largely unossi-
fied distal pole of the patellar in the form of an osteo-
chondral avulsion. Patients present acutely with lipo-
haemarthrosis and an inability to straight-leg raise.
Theradiographic findings are those of patellar tendon
disruption (high-lying patellar) with an intraarticu-
lar fracture (lipohaemarthrosis) and osteochondral
fragment (Fig. 2.2). This fragment can be difficult to
visualize radiographically although it is well dem-
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Fig.2.1a,b. a Longitudinal extended field of view sonogram of an acute
anterior superior iliac spine (asterisk) by the sartorius muscle (S). The
arrowheads outline haematoma tracking deep to the proximal tendon
(Image courtesy of Dr P. Robinson, Leeds, UK). b Plain radiograph con-
firming the apophyseal avulsion seen in a

Fig.2.2 Patellar sleeve fracture in a 9-year-old girl. The patient
presented acutely following injury while sprinting with pain and
an inability to straight-leg raise. The radiograph shows effusion
(asterisks) and elevation of the patella (P) relative to the femur (F).
The arrows outline faint calcification within an osteochondral frag-
ment
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onstrated at US. This injury is differentiated from
an osteochondral body by the fact that the patellar
tendon remains attached to the fragment (Fig. 2.3).

2.2.1.4
Acute Osteochondral Injuries

Abnormal joint motion leading to shearing, rotatory
or impaction forces may fracture one or both of the
opposing joint surfaces. Resultant fracture fragments
may consist purely of cartilage (chondral fracture) or
cartilage attached to a bony fragment (osteochondral
fracture). These injuries may be difficult to deduce
from the plain radiograph in the acute phase, since
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a chondral fracture is non-radiopaque, and the den-
sity of osteochondral fragments depends on the
proportion of subchondral bone they contain. Frac-
ture fragments may become more apparent as loose
bodies when their cartilage undergoes degenerative
calcification. Osteochondral fragments have char-
acteristic appearances at US with hypoechoic car-
tilage attached to a variable amount of subchondral
bone (Fig. 2.4). Diagnosis of osteochondral fracture
therefore requires a high index of clinical suspicion
based on knowledge of the mechanism of injury. MR
imaging is of value in demonstrating the donor site
of displaced fragment. MR imaging can also estab-
lish the extent of any bone, cartilage and internal
joint disruption, and is useful for planning treatment

Fig. 2.3 Composite image of
the US examination of the
patient described in Fig. 2.2.
US demonstrates a large
cartilaginous component (C)
compared to the subchon-
dral bone avulsion (arrows)
with the diagnosis of patel-
lar sleeve fracture confirmed
by demonstrating attach-
ment of the patellar tendon
(PT) to the osteochondral
fragment

Fig. 2.4 Typical appearance
of a displaced osteochondral
fragment with avulsed sub-
chondral bone (arrows) with
a more sizeable cartilagi-
nous component (asterisk)
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Fig. 2.5a,b. a T2-weighted sagittal MRI scan of the knee showing fluid tracking deep to an osteochondral fragment (asterisk); P
patella, F femur, T tibia. b Fat-suppressed T2 sequence showing differentiation between the cartilaginous and bone components
of the fragment (asterisk) with a fluid track beneath the partially displaced fracture (arrows); P patella, F femur, T tibia

(Fig. 2.5). Most non-displaced lesions in patients with
open physis will heal with conservative management,
but displaced fragments or skeletal maturity often
require surgical intervention [10].

US is becoming increasingly useful in the emer-
gency setting. It is well tolerated by an injured child
who may find positioning for radiographs distress-
ing. Certainly, it is preferable to MR imaging which
may require a general anaesthetic. Emergency physi-
cians have found it to be helpful in guiding the reduc-
tion of difficult paediatric forearm fractures [11].
One emergency department has described the use
of US to demonstrate uncomplicated greenstick and
torus fractures [12]. There has been a case report of
the detection of a radiographically occult fracture of
the radial neck with US [13]. A large study of 224 sus-
pected fractures in children found that US was most
reliable for detection of simple femoral and humeral
diaphyseal fractures and fractures of the forearm. It
was less dependable for compound injuries, non-dis-
placed epiphyseal fractures (Salter-Harris type 1) and
those with a fracture line of less than 1 mm [14].

A particular area of diagnostic difficulty is the
elbow in children. Supracondylar fractures carry a
high rate of complications including neurovascular
compromise. There may be few clues to the presence
of a supracondylar fracture on the plain film, partic-
ularly when the fracture involves the cartilaginous
growth plate. Superior displacement of the coronoid
fat pad is the most sensitive indicator of a traumatic
joint effusion. However, this may be missed if an ade-

quate lateral radiograph is not obtained. Transphy-
seal supracondylar fractures can be clearly shown
with US [15]. Unstable lateral humeral condyle frac-
ture lines involve the cartilaginous trochlea and
cannot be identified on plain films. MRI has been
considered necessary to distinguish between the
conservatively treated stable fracture, and the surgi-
cally treated unstable fracture, which extends to the
joint surface. However, ultrasonography has recently
been shown to be capable of ruling out joint involve-
ment [16]. The diagnosis of fracture in a child’s elbow
is further complicated by the variable ages at which
the ossification centres are visible on plain films.
Inexperienced casualty officers may not be aware
of the order of epiphyseal ossification around the
elbow (Table 2.2), and a displaced medial humeral
epiphysis may be easily overlooked with catastrophic
results. Ultrasonography can be used to study the

Table 2.2 Order and approximate timings of secondary ossifi-
cation site around the elbow

Capitellum 1 year (3-6 months)
Radial head 4 years (2-6 years)
Medial epicondyle* 7 years (4-6 years)
Trochlea 10 years (9-10 years)
Olecranon 10 years (6-10 years)

Lateral epicondyle 11 years (9-12 years)

2Last to fuse
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hypoechoic, unossified epiphysis around the elbow
and to demonstrate physeal separations [17, 18].

2.2.2
Foreign Bodies

Foreign body demonstration is notoriously dif-
ficult with radiographs particularly with wooden
splinters, which are non-radiopaque, and can cause
significant morbidity if they remain undetected.
Wood, plastic and glass splinters are usually highly
echogenic when examined with US. It is possible to
localize foreign bodies as small as 1 to 2 mm using
a high frequency linear transducer [19]. The use of
US to detect and remove foreign bodies by emer-
gency physicians has been described [20] and intra-
operative US by surgeons has been recommended by
LEUNG et al. [21] to ensure complete removal.
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2.2.3
Haematoma

Haematomas are common after a myotendinous
injury or a direct blow and are usually intramuscular
in location. MR findings may vary depending on the
time elapsed since the injury, but usually show char-
acteristics of methaemoglobin with increased signal
on both T1- and T2-weighted sequences [22]. Haema-
tomas tend to resorb over a period of 6 to 8 weeks,
but may occasionally leave serous fluid within a con-
nective tissue sheath. These pseudotumours are seen
mainly in the rectus femoris but also in semimembra-
nosus and semitendinosus muscles. US findings in
haematoma are dependent on the time of imaging fol-
lowing injury. In the acute phase, haematoma may be
echogenic and difficult to discriminate from normal
muscle (Fig. 2.6a) [19]. Later, US may show a com-
plex ovoid mass with internal septations due to clot
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Fig.2.6a,b. a Acute Osgood-Schlatter
disease with acute avulsion of the tibial
tuberosity apophysis (TA) during a
sprinting race. US on the day of injury
shows haematoma (H) in the deep
infrapatellar bursa (PT). The acute hae-
matoma (H) has the classical appearance
of mixed hyper and hypoechogenicity.

b 10 days after injury the haematoma
seen within the deep infrapatellar bursa
in b has an altered appearance having
become anechoic (B) in keeping with
resolving haematoma. Thickening of the
distal patellar tendon (PT) is now present
(arrows); T tibia




26

retraction eventually becoming anechoic (Fig. 2.6b).
There is usually a lack of inflammatory change in the
surrounding subcutaneous soft tissues.

2.2.4
Muscles and Tendons

Muscle and tendon injuries are uncommon in the
immature skeleton since the weakest link in the
muscle-tendon-bone chain is the growth plate. How-
ever, young athletes may incur sprains and tears,
particularly at myotendinous junctions, although
complete tendon rupture is rare. Strains most often
affect muscles that cross two joints since these are
susceptible to greater degrees of stretch [6]. The three
hamstring muscles, particularly the biceps femoris,
are the most commonly injured muscles in jump-
ers and sprinters [22]. Each hamstring myotendi-
nous junction extends almost the full length of the
muscle so that when injury occurs it can be located
at either end of or within the muscle belly. US allows
dynamic assessment of tendon and muscle injury.
Tendon injury is unusual in this age group and will
not be discussed in depth.

The dynamic element of US is vital in the func-
tional assessment of tendon injury helping differ-
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entiate partial from full-thickness injury (Fig. 2.7).
The same is true of myotendinous junction injury
(Fig. 2.8) with active contraction giving an excel-
lent assessment of the degree of disruption present
(Fig. 2.9). It should be remembered that US demon-
strates well any structural disruption of the myoten-
dinous junction but does not demonstrate muscle
oedema to great effect. This in part results from
muscle anisotropy making the assessment of muscle
echotexture difficult. This means that US has a low
sensitivity for grade 1 tears and really only demon-
strates the size of the haematoma and the degree of
structural disruption. MRI, however, has difficulty
separating muscle oedema, haematoma and struc-
tural disruption, and as a result tends to overesti-
mate the severity of the injury (Fig.2.10). These
methods must be used in combination to achieve an
accurate assessment of muscle injury.

2.2.41
Shoulder

Young athletes involved in throwing, swimming
and racquet sports are at risk of shoulder impinge-
ment syndrome and rotator cuff tendinopathy [23].
Tendinopathy is infrequently seen with the major-

Fig.2.7a,b Complete rupture of the
Achilles tendon (AT) with differential
movement seen between the proximal
and distal portions during movement.
The tear (asterisk) is best demon-
strated during plantar flexion; C cal-
caneus
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Fig. 2.8 Extended field of view sono-
gram showing the normal myoten-
dinous junction. Superficial (S) and
deep (D) components feed on the
aponeurosis which gradually thickens
distally to form a tendon

VFX13-5/10.3

Fig.2.9a,b Extended field of view
sonograms of the thigh at rest (a) and
during quadriceps contraction (b)
showing improved demonstration of
the extent of myotendinous disrup-
tion (C) with contraction. The rectus
femoris muscle (RF) is seen to pull
away from the underlying aponeuro-
sis (A)
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ity of patients presenting with bursitis. This is most
commonly seen with overhead sporting activities
such as tennis, swimming (crawl, butterfly and
back stroke) and throwing, and is associated with
hypermobility and relative dysfunction of the static
stabilizers of the shoulder. Both MR and US can be
used to assess the rotator cuff tendons, but US has
the advantage that it allows dynamic assessment
of the shoulder. The typical appearance is that of
fluid trapping in the subacromial bursa either side
if the coracoacromial ligament (Fig. 2.11). US can
also be used to guide needle placement of steroid
into the subacromial bursa during treatment of
impingement. This must be performed with cau-
tion in this age group and steroid should used like
a long-acting local anaesthetic to permit rehabili-
tation. Care should be taken with regard to the
doping regulations of the specific sport as permis-
sion to use steroid and formal notification may be
required. Rest, training modification and physio-
therapy are the mainstays of treatment.

2.3
Chronic Trauma

Overuse injuries are common in young athletes.
They can result in growth arrest, osteochondroses,
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Fig.2.10a,b Coronal

T2 fat-suppressed MR
and US images of the
distal medial head of
gastrocnemius (MG)
performed on the day of
injury. Both demonstrate
the degree of myoten-
dinous disruption and
haematoma formation
(H) with oedema within
the adjacent muscle best
demonstrated with MR
(asterisk). MR however
has difficulty differen-
tiating haematoma and
fluid from oedema and
although more sensitive
than US can overestimate
the degree of injury

or stress fractures, and are therefore potentially seri-
ous diseases with long-term sequelae.

2.3.1
Chronic Fracture Patterns

Young gymnasts who repeatedly stress their wrists
with work on the bars and beam are subject to
chronic Salter-Harris type 1 stress fractures through
the wrist growth plates. These lesions resemble rick-
ets on plain radiographs but they do not occur in the
other joints and the serum biochemistry is normal
[7]. A variant of this wrist injury is seen in skate-
boarders in whom repeated falls preferentially onto
one wrist produce unilateral Salter-Harris type 1
fractures (Fig. 2.12a,b). US is rarely of value in the
diagnosis of Salter-Harris injury but can be of value
where there are borderline plain film abnormalities
present.

Slipped capital femoral epiphysis is the most
important chronic Salter-Harris injury seen. These
patients can be difficult to diagnose and present
with either hip, knee or thigh pain. It is not unusual
for US to be a first-line investigation for hip pain in
young patients. As such, a high index of suspicion
must be maintained for this condition when per-
forming hip examinations in the skeletally imma-
ture (Fig. 2.13).
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. 3.0cm Fig. 2.11a,b. Competitive 11-year-old
2 eg / g swimmer with shoulder pain. Sono-
o grams through the coracoacromial
ligament (B) demonstrate the ligament
(asterisk) with fluid pooling deep
to the ligament (B) in keeping with
impingement. Transverse sonograms
of the supraspinatus (SST) confirm
this bursal thickening present over the
anterior free edge of the SST (arrows)
adjacent to the rotator cuff interval; H
humeral head, L long head of biceps
tendon

Fig. 2.12a-c. Chronic Salter-Harris 1 fracture of the wrist in a gymnast. The classical widening of the growth plate (arrows) with
adjacent sclerosis of the distal radius. Similar though less-marked changes are seen in b in the distal ulna (asterisk). T1-weighted
coronal MR (c) shows widening of the growth plate (asterisks) with sclerotic margins
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Chronic avulsion injuries resulting from repeti-
tive trauma may heal with bubbly sclerosis resem-
bling tumour, particularly around the ischium. The
histology of these lesions can be confusing, and
biopsy should be avoided. Clinical history will nor-
mally point towards chronic repetitive trauma, and
MR imaging is helpful in clarifying the diagnosis
[8].

Overuse injuries to the bone can result in stress
fractures when repetitive mechanical loading over-
comes the body’s healing capacity. One-third of
stress fractures occur in athletes between 16 and
19 years of age. They are more common in female
athletes [24], and most are found in the lower limb,
particularly the proximal tibia [25]. Typically, the
painisrelieved by restand reoccurs with the resump-
tion of activity, although rest pain may be present in
severe injuries [26]. Diagnosis requires a high index
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Fig.2.13a,b. Adolescent
patient presenting with
chronic hip pain. The
initial US (a) demon-
strated an effusion (E)
with a bare metaphysis
(M). Subsequent radio-
graphs (b) demonstrated
the slipped capital femo-
ral epiphysis (arrows);

F femoral metaphysis,

E proximal femoral
epiphysis

of suspicion since the initial radiographs are usually
normal. Films taken 2 to 3 weeks after the onset of
symptoms may show localized periosteal and endos-
teal thickening. The differential at diagnosis at this
stage is wide and includes osteoid osteoma, Ewing’s
sarcoma and eosinophilic granuloma. Sequential
radiographs and a careful clinical history normally
help differentiate stress fractures from other lesions.
Progression to a full-thickness fracture can occur
if the fracture is not allowed to heal with rest. US
can demonstrate periosteal reaction and new bone
formation in stress injury to bone although it is not
a primary diagnostic tool. Plain films are the first
investigation which if negative should be followed
up with either MRI or scintigraphy.

Bone scintigraphy will show increased uptake
2 to 3 days after the onset of symptoms (Fig. 2.14).
The earliest changes of a stress reaction are perios-
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Fig.2.14 Bone scintigraphy demonstrating focal increased
activity (arrow) in a stress fracture on the proximal tibia

teal, muscle and bone marrow oedema, and these
are clearly demonstrated with MR using a STIR
(short tau inversion recovery) or fat-suppressed
T2 sequence (Fig.2.15) [26]. Later, frank stress
fractures are seen as linear bands of low signal on
T1-weighted sequences (Fig. 2.16) [7]. It should be
remembered that scintigraphy is non-specific and
will show increased activity related to periosteal
traction injury and the site of tendon and muscle
insertions as well as in stress injury to the under-
lying bone. Scintigraphy’s lack of specificity means
that in general MRI is of greater diagnostic value
as it differentiates between periosteal, cortical and
medullary disruption (Fig. 2.15).

CT is not generally employed to diagnose stress
fractures of the appendicular skeleton since it is less
sensitive than bone scintigraphy and MR. Occasion-
ally, stress fractures in children may exhibit marked
periosteal proliferation mimicking tumour. The CT
demonstration of endosteal bone formation in these
cases confirms the presence of a stress injury [27].
CT is particularly useful when stress fractures of the
pars interarticularis are suspected. Spondylolysis
occurs in the lumbar spine as a result of repeated
hyperextension, particularly in cricketers, and pres-
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ents with back pain around the time of the adoles-
cent growth spurt. Plain radiographs may show the
fracture through the pars interarticularis. However,
local sclerosis may suggest the possibility of osteoid
osteoma. Bone scintigraphy is of little help as a dis-
criminator since uptake is increased in both condi-
tions. At this point, thin-section “reverse-angle” CT
will demonstrate the bony nidus of osteoid osteoma
or the fracture line of spondylolysis.

Fig.2.15a,b. T2 fat-suppressed axial MR images through the
tibia demonstrating differing degrees of stress injury to the
tibia. a Mainly periosteal oedema (arrows) with little corti-
cal thickening and minor medullary oedema (M). b More
advanced change with periosteal oedema (arrows), cortical
thickening and marked oedema of the medullary cavity (aster-
isk) in keeping with a developing stress fracture
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Fig. 2.16 T1-weighted sagittal MR scan of the tibia dem-
onstrating an established stress fracture (asterisk) with
marked periosteal new bone formation (arrow)

2.4
The Osteochondroses

There are a number of osteochondroses reported in
children and adolescents, many with eponymous
names, and confusing descriptions of disease and aeti-
ologyin theliterature. Kohler’s disease results in osteo-
necrosis of the tarsal navicular while the surrounding
cartilage is preserved. Freiberg’s disease is osteone-
crosis of the metatarsal head following osteochondral
fracture. Sever’s disease is described as an apophysitis
of the posterior calcaneal apophysis [28]. The common
factor appears to be repetitive trauma, and the diag-
nosis can usually be made from the plain radiograph.
Most paediatric osteochondroses heal with conserva-
tive treatment, and little long-term morbidity.
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2.41
Osteochondritis Dissecans

Osteochondritis dissecans (OCD) is a lesion of
unknown cause, which results in an island of abnor-
mal subchondral bone separating from the normal
bone. It may also break away entirely, leading to
an osteochondral loose body which can interfere
with joint function. While the exact aetiology is not
clear, the common denominator appears to be over-
use [23], and it is mainly seen in adolescent athletes.
The common sites are the capitellum, the talus and
the medial femoral condyle. OCD is usually appar-
ent on the plain radiograph, but MR imaging will
show subtle bone oedema at an early stage [8]. Man-
agement of these lesions partly depends on knowing
whether the articular cartilage overlying the sepa-
rated fragment of subchondral bone is intact [7].
MRI showing high-signal oedema on T2-weighted
sequences between the fragment and the underlying
bone indicates fragment instability [29]. TAKAHARA
et al. [30] have demonstrated that sonography can
depict unstable osteochondral lesions in the elbow
as discrete echogenic intra-articular foci. If the frag-
ment can be shown to be loose, then surgical fixation
may be required to reduce the risk of impaired joint
function (Fig. 2.17).

Sinding-Larsen disease is thought to arise from
repetitive traction by the patella tendon leading to
irregular calcification and ossification of the infe-
rior pole of the patella (Fig. 2.18). It is common-
est between the ages of 10 and 12 years. Osgood-
Schlatter disease effects preteen and early teenage
athletes with a slight preponderance in boys, and
seems to be related to repetitive squatting or jump-
ing [5]. It is thought to be due to chronic traction
by the inferior patella tendon on the tibial tuber-
osity. The diagnosis is usually clinical, but radio-
graphs and MRI can be used to exclude other
causes of knee pain. US may show thickening of
the patella tendon, which may appear indistinct,
and partly echogenic. Fragmentation of the tibial
tuberosity and hypoechoic surrounding soft tissue
oedema may also be present [31]. Osgood-Schlat-
ter disease can present either as an acute avulsion
with surrounding haematoma (see Fig. 2.6a) or, as
is more common, as a chronic pain syndrome (see
Fig. 2.6b). In the chronic setting pain can result
either from traction and fragmentation of the
tuberosity or from local soft-tissue change. This is
usually related either to deep infrapatellar bursi-
tis of from pressure effects causing formation of a
superficial adventitial bursa.
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b

Fig.2.17a,b. a T1-weighted coronal MR of the knee showing an osteochondral lesion of the medial femoral condyle (asterisk);
F femur, T tibia. b US examination performed in extreme flexion allows demonstration of the osteochondral lesion seen in
a. This demonstrates the subchondral collapse (arrows) and shows intact overlying cartilage (C) (Image courtesy of Dr. A.J.
Grainger, Leeds, UK)
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Fig. 2.18 Extended field of view sonogram of the proximal patellar tendon in a keen skate-boarder showing thickening (arrows)
of the proximal patellar tendon (PT) with fragmentation and erosion (asterisk) of the lower pole of the patella (P) in keeping
with Sinding-Larsen or jumper’s knee

2.4.2 joint is thought to compromise the blood supply of
Panner’s Disease the subchondral plate causing avascular necrosis of

the capitellum. The appearance of the plain film is
Panner’s disease is a developmental osteochondro- said to be diagnostic with sclerosis and flattening
sis of the capitellum seen in children between 6 of the capitellum, and roughening of its articular
and 12 years of age and almost exclusively in base- surface. MRI may demonstrate fragmentation and
ball pitchers [23]. The repeated throwing action is decreased signal on T1-weighted sequences of the
thought to set up compressive strains in the radio- ossifying capitellum [32]. Loose bodies are unusual
capitellar joint with disruption of the medial epicon- in Panner’s disease [33]. Unlike osteochondritis dis-
dyle growth plate or the ulnar collateral ligament. secans, it resolves with rest, and involves a younger
The repeated compression of the radiocapitellar age group.
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2.4.3
Medial Epicondylitis (Little League Elbow)

Baseball pitchers between 8 and 12 years of age expe-
rience repeated valgus stress to the medial elbow
during the throwing motion, causing breakdown
of the physis attaching the medial epicondyle to
the humerus. This has an association with capi-
tellar osteochondral injury, and the nomenclature
regarding these two conditions can be confusing.
Regardless of what one calls them, they are essen-
tially the same process. This is a true apophysi-
tis, as distinct from the adult golfer’s elbow which
results from flexor-pronator tendonitis [23]. MR
may show marrow oedema and irregularity of the
physis, whilst skeletal scintigraphy demonstrates
asymmetrical increased uptake in the symptomatic
medial epicondyle [33].

2.5
Accessory Ossicles

Accessory ossicles are mostly described as normal
variants, although there is no doubt that some may
become symptomatic. They are joined to normal
bone by fibrous tissue, which can lead to the devel-
opment of a painful pseudarthrosis if disturbed
by frequent, vigorous exercise [7]. The os trigo-
num posterior to the talus is a commonly reported
source of pain, particularly in young gymnasts
and dancers (Fig. 2.19). This is thought to be sec-
ondary to repetitive impaction of the os trigonum
between the calcaneus and posterior tibial mal-
leolus during plantar flexion [33]. The os trigonum
may even develop as a result of impingement with
the posterior portion of the talus more prone to
damage and fragmentation as it is the last por-
tion of the talus to ossify (Fig. 2.20). Radiographs
are usually unhelpful, but bone scintigraphy may
demonstrate increased uptake compared to the
asymptomatic side. MR will show bone oedema
(Fig. 2.21) [34].

Other common symptomatic accessory ossicles
seen in adolescent patients are the os tibiale exter-
num at the site of the tibialis posterior insertion on
the navicular and the bipartite patellar. These syn-
desmoses can become disrupted and symptomatic.
Using US the site of the syndesmosis can be located
and the patient’s symptoms correlated. Final confir-
mation of movement producingbone oedemaaround
the syndesmosis can be achieved using either scin-
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Fig.2.19 Lateral ankle radiograph showing an os trigonum
(asterisk) with some incidental calcification noted in the distal
Achilles tendon (arrows); C calcaneus, T talus

tigraphy or fat-suppressed MRI. US can be used to
perform guided injections of the syndesmosis with
steroid and local anaesthetic either for diagnostic or
therapeutic purposes (Fig. 2.22).

2.6
Bursae

Bursal inflammation can be seen in the adolescent
athlete, although it is normally associated with an
underlying bone or biomechanical abnormality.
Osteocartilaginous exostoses are the commonest
cause of local irritation. They cause compression
and displacement of adjacent structures which, in
association with activity, results in bursa forma-
tion and local pain. The commonest site for this is
around the knee where femoral osteocartilaginous
exostoses cause irritation to the overlying quadri-
ceps (Fig. 2.23) and around the medial tibial meta-
physic where exostoses can produce pes anserinus
irritation (Fig. 2.24)
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Fig.2.20a,b. T1 and T2 fat-suppressed sagittal MR scans of the ankle in an adolescent. These demonstrate that the posterior
talus is the final portion to ossify; E distal tibial epiphysis, T talus, C calcaneus

Fig.2.21 T2-weighted sagittal MR scan of the ankle. There is
symptomatic posterior impingement of the ankle with oedema
present in the posterior talus (asterisk). Fluid is also present
in the posterior recess and retrocalcaneal bursa (arrows); T
talus, C calcaneus

Fig.2.22a,b. Symptomatic os tibiale externum in a footballer. a
The synchondrosis (arrow) is well demonstrated between the
navicular (N) and the ossicle (O) with the tibialis posterior
tendon (TP) lying superficially. b After guided injection the syn-
chondrosis has become filled with echogenic steroid (arrows)
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Fig. 2.23 Extended field of view
sonogram of a distal femoral osteo-
cartilaginous exostosis (O) indent-
ing the deep aspect of the vastus
medialis (VM). The cartilage cap of
the exostosis is well demonstrated
(asterisk)

Fig.2.24a,b Extended field of view
sonograms (a longitudinal, b trans-
verse) of the medial aspect of the
knee in an 8-year-old footballer.
There is pes anserinus bursitis (B)
overlying the distal portion of the
MCL (arrows). The underlying
cause for this is a small exostosis
(asterisk) which is demonstrated
on the longitudinal scans indent-
ing the deep aspect of the bursa; C
cartilage of the femoral and tibial
epiphyses, E tibial epiphysis, M
medial tibial metaphysis, T tibia
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2.7
Summary

There are fundamental differences in injuries sus-
tained during trauma and sport between children
and the skeletally mature adult. The suspected type
of injury dictates imaging needs, and this requires
close communication between the referring clini-
cian and the radiologist. The use of US has expanded
rapidly over the last decade with the advent of high-
resolution transducers, which allow tissues to be
demonstrated in exquisite detail. It is an excellent
tool for assessment of the immature skeleton where
it can easily distinguish cartilage from bone, and
bone from soft tissue. Extended field of view tech-
niques are able to display large continuous sections
of anatomy to show the relationship of diseased to
normal tissues. It is possible to compare appear-
ance with the asymptomatic side, and to observe
the tissues during joint motion. US is well tolerated
by the child, and is readily available in most depart-
ments. Most reports of US deployment in the setting
of paediatric trauma concern abdominal imaging.
It is not in common usage for acute musculoskel-
etal trauma, but the literature suggests that it has
enormous potential, particularly with respect to
elbow injuries. The use of US in sports injuries is
already well established where its ability to perform
dynamic assessment complements, and sometimes
replaces, imaging with MR.
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3.1
Introduction

Magnetic resonance (MR) imaging has become
established as an essential cross-sectional imag-
ing technique for the examination of children with
disorders of the musculoskeletal system. However,
recent advances in ultrasound (US) technology have
substantially enhanced the role of this technique to
detect, localize and characterize a variety of disor-
ders affecting tendons and ligaments in children.
Although only early work is currently available in
the literature on this subject, the applications of this
method are maturing, and sonography is becoming
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the primary imaging technique for the detection,
localization and characterization of a variety of
tendon and ligament disorders in infants, children
and adolescents.

The aim of this chapter is to describe the value
of US and MR imaging in children and adolescents
with a variety of diseases affecting tendons and liga-
ments.

3.2
Normal Anatomy

3.2.1
Tendons

Tendons are structures joining the muscles to bones
that allow joint movement or the maintenance of a
fixed position against a loading force. There are two
types of tendon, type 1 and type 2.

Type 1 tendons are long and cross one or more
joints before reaching their insertions. They can
reflect over bony surfaces (bony grooves or protu-
berances), fibrous bands or osteofibrous tunnels,
and at these locations they are always surrounded
by a synovial sheath made of a combination of vis-
ceral and parietal layers. The visceral layer is tightly
attached to the outer tendon surface and moves
with the tendon during isotonic contraction of the
muscle. The parietal layer is a lax structure that
surrounds the visceral synovium and blends with
it at the periphery of the sheath to form the meso-
tendon. The main functions of the synovial sheath
are to diminish friction between the tendons and
the surrounding structures, thus allowing easy and
smooth gliding in all positions of the adjacent joint.
The sheath also forms the mesotendon that houses
tendon vessels. A thin film of synovial fluid is nor-
mally found inside the tendon sheath and this may
be seen in certain locations using US. For example,
synovial fluid can rarely be demonstrated around
the flexor digitorum tendons of the fingers, while a
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small amount of fluid can usually be detected in the
tendon sheath of the tibialis posterior tendon and
should be regarded as a normal finding.

Tendon sheaths may sometimes communicate
with the adjacent articular synovial cavities. Under
normal conditions a communication is present
between the ankle joint and the medial tendons
(tibialis posterior, flexor digitorum communis and
flexor hallucis longus tendons). Therefore, excess
fluid within these tendon sheaths associated with
an ankle joint effusion is not necessarily the result
of disease of the tendon; it may be due to leakage
of fluid from an abnormal joint to a normal tendon
sheath. On the other hand, some synovial sheaths
do not communicate normally with the adjacent
joints and even a small effusion inside them must be
regarded as abnormal.

Typical examples of type 1 tendons are the flexor
and extensor digitorum tendons of the hand and the
ankle tendons. Due to their anatomy and the tear-
ing forces that can develop during loading, these
tendons are prone to develop friction changes and
eventually partial or complete tears. Because the
sheath of type 1 tendons is covered by synovium,
they are commonly involved by systemic disorders
that produce synovitis such as juvenile rheumatoid
and seronegative arthritides.

Type 2 tendons are thicker, have a straight course
and lack a synovial sheath. The paratendon is an
outer envelope comprising two connective layers
separated by a small amount of loose connective
tissue which surrounds these tendons allowing a
gliding plane with the surrounding tissue. Examples
of type 2 tendons are the Achilles tendon and the
quadriceps tendon.

Both types of tendon are formed by densely
packed bundles of collagen fibres (type I collagen).
These bundles are invested by the endotendineum
and peritendineum, a network of loose connective
tissue septa containing elastic fibres and vessels,
which give some flexibility to the tendons. Endoten-
dineum septa are in continuity with the epitendin-
eum, a dense connective tissue layer tightly bound
to the tendon surface.

3.2.2
Ligaments

Ligaments are flattened or cord-like periarticular
structures which join two or more articular bone
ends. Some ligaments, such as the anterior shoul-
der ligaments, are embedded in the joint capsule
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and cannot be differentiated from it. Other liga-
ments, such as the lateral collateral ligament of the
knee, lie in a more peripheral location and have no
relationship with the capsule. Some ligaments are
formed by a single bundle of fibres, for example the
anterior talofibular ligament. Others, such as the
anterior cruciate ligament of the knee, are composed
of multiple bundles which are subjected to differ-
ent degrees of tension depending on joint position.
The primary function of ligaments is to counteract
excessive articular excursion, thus preventing joint
subluxation and dislocation. They also maintain the
position of the articular ends in the optimum align-
ment during movement, limiting wear and prevent-
ing early osteoarthritis. As ligaments contain a few
elastic fibres scattered amongst the more resilient
collagen fibres, they are slightly elastic and allow
minor stretching.

3.3
Examination Techniques and
Normal Imaging Findings

3.341
us

US examination of tendons and ligaments is best
performed with high-frequency broadband (fre-
quency range 5-15 MHz) linear array transducers
to obtain a very high spatial resolution in the near
field. These structures are mostly located near to
the skin surface and in children they are inevita-
bly smaller than in adults. When available small-
footprint transducers are preferred as a large field-
of-view is rarely required. In addition, small-sized
transducers perform better around the curvature of
joints and during joint or tendon motion. In infants
and smaller children, large amounts of gel or a thin
stand-off pad can be useful to improve the probe
contact with the skin.

The sonographic appearance of tendons in chil-
dren is similar to that described in adults. The main
differences are due to their smaller overall size and
the site of insertion into bone. When examined in
the longitudinal plane, tendons appear as hyper-
echoic structures with well-defined echogenic
(bright) margins and a fibrillar appearance due to
the bundles of tendon fibres. They are anisotro-
pic structures, which means that they may appear
hypoechoic when the US beam is not precisely per-
pendicular to their long axis. This is because the
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incident US will not be reflected back to the probe
unless it is exactly at 90° to the tendon fibrils. In gen-
eral, anisotropy may be corrected by either examin-
ing the tendon in the position of maximal stretching
or changing the orientation of the US beam by rock-
ing the probe back and forth. Nevertheless, where
tendons wind around bony surfaces and joints, for
example around the ankle, anisotropy can be dif-
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ficult to avoid. Its effects may be minimized only by
using a careful scanning technique.

Tendons attach to a layer of hypoechoic cartilage
covering the ossification centre of the bone into
which they insert. The separation between tendon
fibres and the ossified bone decreases with increas-
ing patient age (Fig. 3.1). One should not misinter-
pret the irregular shape of the ossification centre
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Fig. 3.1a-c. Normal US appearance of the Achilles tendon in (a) a 1-year-old infant, (b) a 5-year-old child, and (c) an adult. In
the infant (a), the Achilles tendon appears as a regular hyperechoic structure (arrowheads) that inserts onto the posterior aspect
of the calcaneus (C). Note that the unossified distal epiphysis of the tibia (E), the posterior tuberosity of the talus (T) and the
calcaneus (C) are hypoechoic relative to adjacent soft-tissues, and contain fine-speckled echoes. In the child (b), the developing
ossification centre of the calcaneus (C) can be appreciated as a hyperechoic structure covered by a layer of unossified cartilage
(asterisks). The Achilles tendon is seen as it inserts onto the cartilage. In the adult (c), the Achilles tendon (arrowheads) attaches
directly onto the ossified calcaneus (C). In all sonograms, the tendon has well-defined margins anteriorly and posteriorly and
exhibits the same fibrillar echotexture made up of many parallel hyperechoic lines due to a series of specular reflections at the

boundaries of collagen bundles and endotendineum septa
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with the cartilaginous apophysis or epiphyses that
underlie tendons as disease.

The sonographic appearance of ligaments is simi-
lar to those of tendons. Ligaments appear as hyper-
echoic bands with internal fibrils that join unossified
hypoechoic epiphyses of adjacent bones (Fig. 3.2).
Ligaments are also anisotropic structures and care
should be taken not to confuse a hypoechoic area due
to anisotropy with a partial tear. Bilateral examina-
tion and careful study of the ligament in different
scanning planes may be helpful in avoiding misdi-
agnoses. Examination of ligaments should be per-
formed at rest and during graded application of stress
to the underlying joint. In selected cases, comparison
images of the opposite limb may help confirm the
presence of an abnormality on the symptomatic side.

3.3.2
MR Imaging

MR imaging of tendon and ligaments in children
and adolescents is performed with the same proto-
col of pulse sequences used in adults. T1-weighted
sequences (short TE/short TR) are used to obtain the
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best contrast resolution between tendons and liga-
ments and surrounding fatty tissue. Fat-suppres-
sion techniques, such as fat-saturated fast spin echo
(SE) T2-weighted sequences (long TR/long TE) and
fast short tau inversion recovery (fast-STIR) tech-
niques are more effective at demonstrating struc-
tural changes, tendon sheath effusions and oedema.
Compared to the fat-saturated fast SE T2-weighted
sequence, fast-STIR has the advantage that it not
affected by susceptibility artefacts, thus providing
a more uniform fat suppression. On the other hand,
the fat-suppressed fast SE T2-weighted sequence
gives better anatomic definition and contrast-to-
noise ratio than fast-STIR. As in adult imaging, con-
trast-enhanced sequences are useful in the examina-
tion of inflammatory disorders of tendons.

MR studies should be performed with the small-
est coil that fits tightly around the body part being
studied. In general, a flexible surface coil is better
than an adult head or knee coil for examination of
tendon and ligament lesions in the extremities of
infants and small children. Immobilization of the
limb can be achieved with a combination of tape,
sponges or Velcro straps. Images are obtained in
the two orthogonal planes for the structure to be

Fig. 3.2a,b. The normal US appear-
ance of ligaments. In the knee (a), the
medial collateral ligament (arrow-
heads) appears as a thin anisotropic
band that overlies the internal aspect
of the knee connecting the medial
femoral condyle with the tibial
epiphysis (E). Deep to the ligament the
medial meniscus (arrow) appears as
a hyperechoic triangular structure. In
the ankle (b), the anterior talofibular
ligament (arrowheads) appears as a
tight hyperechoic band that joins the
talus and the fibula
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examined, longitudinal and axial to the tendon or
ligament. High-resolution matrices (512 or 1024)
and thin slices (1 to 3 mm) with minimal interslice
gaps are optimum. For children of 1 year of age or
younger, oral chloral hydrate (50 mg/kg) is used
for sedation. When the child is older than 6 years,
sedation is unnecessary in most cases. Monitoring
the sedated child during the examination by staff
trained in anaesthesia with equipment safe for use
with MR is mandatory.

Due to the absence of internal free water, normal
tendons and ligaments appear as homogeneously
hypointense structures on both T1- and T2-weighted
images. Some tendons with a curvilinear course
may exhibit focal signal changes caused by tissue
anisotropy when their fibres run at 55° with respect
to the magnetic field (magic-angle effect). Examin-
ers should be aware of this artefact to avoid confu-
sion with disease.

3.4
Tendon Abnormalities

A variety of disorders can affect tendons in children,
although they occur less commonly than in adults.
The more common indications for sonography of
tendons are trauma, snapping iliopsoas tendon, and
degenerative, inflammatory and infectious condi-
tions. The weakest point of the muscle-tendon-
bone unit in children is not the musculotendinous
junction or the tendon substance, as seen in adults,
but the attachment of the tendon to the non-ossified
cartilage. Therefore, most tendon disorders in chil-
dren, and especially in school-aged athletes, involve
the tendino-osseous junction whilst degenerative
changes and ruptures in the tendon substance
occur infrequently. Two main types of abnormality
are observed: acute trauma that results in partial or
complete detachment of the apophysis by avulsion at
the site of tendon insertion, and chronic lesions when
repeated microtrauma secondary to overload leads
to osseous or cartilage fragmentation. The latter is
often seen following repetitive activity in sports. In
both circumstances, the diagnosis is based on clini-
cal findings with a history of pain during isomet-
ric muscle contraction. Sonography is increasingly
being used to confirm the clinical suspicion.
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3.4.1
Overuse Injuries

Overuse injuries are the consequence of exceed-
ing the ability of tendon insertion to recover from
submaximal cyclic loading in tension, compression,
shear or torsion, and depend on a variety of factors,
including tissue strength, joint size, and the patient’s
age and skeletal maturity. Chronic traction on the
apophyseal cartilage by a tendon or a ligament may
result in progressive physeal microfracture, widen-
ing, avulsion of fragments of cartilage and bone and
insertional tendinopathy. By far the most common
site involved is the knee, with injury to the inser-
tions of the patellar tendon, either the anterior tibial
apophysis (Osgood-Schlatter disease) or the lower
pole of the patella (Sinding-Larsen-Johansson dis-
ease or jumper’s knee). These conditions occur in
adolescents and may present with pain exacerbated
by activity, local soft-tissue swelling and tenderness.
Osgood-Schlatter disease usually affects boys with a
history of participation in sports and a rapid growth
spurt. Sinding-Larsen-Johansson disease is similar
to jumper’s knee. In both diseases, standard lateral
radiographs can demonstrate a fragmented appear-
ance of the apophysis. High-resolution US is an
accurate means to reveal even small calcified frag-
ments and irregularity in the bony outline result-
ing from the osteochondrosis. It will demonstrate
focal hypoechoic swelling of the physeal cartilage,
hypoechoic changes in the patellar tendon from
tendinosis and fluid collection from infrapatellar
bursitis (Fig.3.3) [1-4]. In the acute phase, local
hyperaemia can be demonstrated with colour and
power Doppler imaging [2]. Similar to the signs
observed in the knee, the posterior apophysis of the
calcaneus can undergo fragmentation (Sever’s dis-
ease) leading to chronic heel pain. In these patients,
US is also suitable for noninvasive follow-up of the
disease. MR imaging findings include increased T2-
weighted signal at the insertion of the tendon, in the
surrounding soft tissue and in the adjacent bone
marrow [5].

3.4.2
Avulsion Injuries

Following substantial trauma, avulsion injuries may
occur. The pelvic girdle is the site most frequently
affected. Around the pelvis, high-resolution US is
able to detect apophyseal avulsion at the ischial
tuberosity (hamstrings muscles), the anterior supe-
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Fig. 3.3a-c Osgood-Schlatter disease. Longitudinal 12-5 MHz grey-scale (a) and colour Doppler (b) images of the patellar tendon
in a 15-year-old boy with focal tenderness and chronic pain over the tibial tuberosity reveal a swollen hypoechoic distal patellar
tendon (arrowheads) and bony irregularity and fragmentation of the anterior tibial surface (asterisk); P patella. In the colour
Doppler image (b), local increased flow signals (arrowheads) reflect intratendinous hyperaemia. A lateral radiograph (c) dem-

onstrates a fragmented irregular apophysis (arrows)

rior iliac spine (sartorius muscle and tensor fascia
lata) and anterior inferior iliac spine (rectus femo-
ris muscle), the iliac crest (abdominal and gluteus
medius muscles), the lesser trochanter (iliopsoas
muscle), the greater trochanter (external rotators)
and the symphysis pubis (adductor muscles). At
these sites, the fracture edge may extend directly
through the physeal cartilage, into the ossifying
apophysis or the underlying bone. US can demon-
strate an irregular bony surface, a thickened physeal
cartilage with fissures, small hyperechoic structures
with posterior acoustic shadowing from avulsed
bone fragments and local haematoma (Fig. 3.4). The
size and amount of displacement of the avulsed frag-
ment is variable. In doubtful or difficult cases, MR
imaging may be a useful adjunct to US. The main

advantages of this technique include better images
of deep-seated tendons or difficult-to-scan regions
(Fig. 3.5).

An injury that occurs at the attachment of ten-
dons to the unossified skeleton is the sleeve fracture
that commonly occurs at the poles of the patella
(proximally, insertion of the quadriceps tendon; dis-
tally, insertion of the patellar tendon), the proximal
olecranon and the medial epicondyle at the elbow.
These injuries are due to failure of the physis follow-
ing excessive traction stresses. US identifies a broad
sleeve of cartilage, often associated with an osseous
fragment pulled away with the tendon (Fig. 3.6) [6].
In more subtle cases of apophyseal irritation with
minimal displacement, high-resolution US may
demonstrate a “double cortical sign” as a result of
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Patella

Fig. 3.4a-d. Traction injury at the lower pole of the patella of a 14-year-old boy following a kick during a soccer game. a Longi-
tudinal 12-5 MHz US image over the proximal insertion of the patellar tendon (arrowheads) demonstrates cortical irregularity
(arrows) of the lower pole of the patella consistent with minimal displacement of a fleck of bone. b Contralateral healthy side.
¢ Radiograph shows a small fragment of bone (arrows) detached from the patella. d Sagittal fat-suppressed T2-weighted MR
image of the patella (P) identifies the bony fragment (arrowhead) in continuity with the patellar tendon, associated with marrow
oedema (curved arrows) at the detachment site

Fig. 3.5a-c. Acute avulsion of the iliac crest in a 15-year-old soccer player. a Radiograph shows a displaced ossification centre
(arrowheads) of the left iliac crest. b Coronal fat-suppressed T2-weighted MR image of the pelvic girdle demonstrates diffuse
oedematous changes in the gluteus medius muscle (arrows) related to the trauma
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Fig. 3.6a-c. Avulsion sleeve fracture of the patella. Longitudinal 12-5 MHz US images obtained over the dorsal aspect of the distal
left (a) and right (b) quadriceps tendon in a 8-year-old child with complete inability to knee extension after an acute injury. In
the left quadriceps tendon (a), the normal contralateral tendon (arrowheads) shows well-defined borders and normal internal
echo texture; P upper pole of the patella. In the right quadriceps tendon (b), the affected quadriceps tendon (arrowheads)
appears swollen and hypoechoic. The tendon attaches to a hyperechoic bony structure (arrows) that lies deep and cranial to
the upper pole of the patella (P). This finding indicates a posttraumatic avulsion injury at the upper pole of the patella. Note
the intra-articular effusion located inside the suprapatellar synovial pouch (asterisk). ¢ A standard radiograph confirms the
presence of an avulsed osseous fragment (arrows) from the patella

elevation of the most superficial layer of the bony
cortex (Fig. 3.7) or a wavy and thickened periosteal
line, separated from the bone by an effusion. When
a traction injury is strongly suspected on clini-
cal grounds and US is negative, MR imaging is the
study of choice to identify the lesion by observing
marrow oedema with widening and irregularity of
the physis. The degree of fragment displacement
is critical in therapeutic planning. Most cases will
require surgery with the possible exception of those
with minimal displacement.

3.4.3
Snapping Hip

A tendon abnormality that may be encountered in
the adolescent is the so-called “snapping hip”. This
diseaseis often bilateral and presents with an audible
snap produced during walking or hip movement. It
is due to snapping of either the iliopsoas tendén over
theiliopectineal eminence or the iliotibial band over
the greater trochanter (Fig. 3.8). The painful snap-
ping hip has been described in adolescents (aver-
age age, 15 years) involved in competitive athletic
activities, and rarely in association with habitual
hip dislocation [7, 8]. Dynamic US is an ideal means
to identify this condition by showing the iliopsoas
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Fig. 3.7. Double cortical sign in a 14-
year-old sprinter with a recent acute
traction trauma and pain over the
tibial tuberosity. Longitudinal 12-

5 MHz US image shows a thickened
patellar tendon (arrowheads) and the
elevation and fragmentation of the
cortical bone of the tibial tuberos-
ity forming two hyperechoic layers
(arrows)

tendon or the iliotibial band which suddenly display
an abrupt abnormal lateral displacement during hip
movement [9, 10]. Conservative treatment with rest
and antiinflammatory drugs is sufficient in most
patients. In cases of instability of the iliopsoas
tendon, surgical lengthening of the tendon may be
needed in cases with persistent pain.

3.4.4
Degenerative and Inflammatory Conditions

Degenerative disorders of tendons are rare in children
and usually follow mechanical stress related to foot
disorders, including clubfoot and flat foot (Fig. 3.9).
In chronic renal failure treated by haemodialysis,
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amyloid deposits can be seen both in the paraarticu-
lar tissues and within the tendon substance. The amy-
loid deposits cause swelling of the involved tendon
and a more heterogeneous appearance of the fibrillar
echo texture. Occasionally, a hyperaemic pattern can
be found at colour and power Doppler examination.

Differing from traumatic and degenerative
lesions, the inflammatory involvement of tendons
invested by synovial sheath is commonly encoun-
tered in patients with juvenile idiopathic arthritis.
The US appearance of the affected tendons varies
depending on the stage of synovial involvement
(acute vs chronic). In the early stages, the tendon has
anormal size and echotexture and is surrounded by
an anechoic area produced by the synovial effusion.
In more advanced disease, synovial hypertrophy

Fig.3.8a,b. Snapping iliopsoas band. Transverse 12-5 MHz US images of the lateral aspect of the right hip. When the hip is
flexed (a), the iliotibial band is present as a hyperechoic stripe (arrows) posterior to the trochanter (asterisk) and superficial to
the gluteus medius tendon (Gm). During extension of the hip (b), an abrupt displacement (dotted arrow) of the iliotibial band
occurs as it gets closer to the trochanter, coinciding with the snapping sensation
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Calcaneus

Calcaneus

Fig. 3.9a-c. Degenerative changes in the Achilles tendon of a 10-year-old boy who was previously operated upon for flat foot.
The patient presented with chronic heel pain. Longitudinal (a) and transverse (b) grey-scale 12-5 MHz US images obtained over
the Achilles tendon demonstrate diffuse fusiform hypoechoic swelling (asterisks) of the tendon extending from its insertion
to approximately 3 cm above the calcaneus due to microtears and mucoid degeneration. The colour Doppler image (c) shows
an increased depiction of intratendinous flow signals. The pattern distribution of flow is characterized by vessel pedicles that

enter the tendon from its anterior surface

can be seen as hypoechoic folds projecting inside
filling the synovial sheath (Fig. 3.10). In active teno-
synovitis, colour and power Doppler imaging and
gadolinium-enhanced MR sequences can aid dif-
ferentiation between pannus and effusion by show-
ing flow signals inside the synovium (Fig. 3.11) or
contrast enhancement. However, one should always
keep in mind that the fibrous pannus does not show
hypervascular changes. A definite advantage of US
is the ability to differentiate tendon involvement
from arthritis of the underlying joints (Fig. 3.12).
These conditions require different treatments
and may be difficult to discriminate on physical
examination. In longstanding disease, the involved
tendons may become swollen and hypoechoic. In
treated juvenile idiopathic arthritis, the occur-
rence of partial and complete tendon tears is rare,
mostly confined to hand and ankle tendons. In par-
tial tendon tears, US demonstrates focal swelling or
thinning of the involved tendon, whereas in com-

plete tears a gap is observed between hypoechoic and
oedematous tendon ends. Although the diagnosis of
complete tears is usually straightforward on clinical
examination, high-resolution US can help the sur-
geon assess the amount of retraction of the proximal
tendon end as well as plan an adequate skin incision.
In specific clinical settings, US can provide an accu-
rate and confident guidance to direct the needle for
synovial biopsy procedures and for the injection of
corticosteroids inside the tendon sheath.

The differential diagnosis of inflammatory teno-
synovitis includes infection. If a synovial sheath
tendon is involved in isolation, the possibility of an
infectious tenosynovitis should be considered, espe-
cially in cases with a history of a penetrating injury.
In patients with juvenile idiopathic arthritis, dis-
tinguishing infectious from arthritic involvement
may be challenging. Most of these patients are being
treated with corticosteroids which may mask the
signs of infection (fever, pain, limitation of move-
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Fig. 3.10a-c. Tenosynovitis of the long head of the biceps tendon in a 5-year-
old child with juvenile idiopathic arthritis. Longitudinal (a) and transverse
(b) 12-5 MHz US images over the anterior aspect of the shoulder demonstrate
thickening of synovial tissue (arrowheads) around the long head of the biceps
tendon (arrows) related to synovial hypertrophy. The patient had also disten-
sion of the anterior recess of the glenohumeral joint. Colour Doppler imaging
(c) shows hypervascularity of the synovial sheath as a sign of active synovial
pannus; H humerus

Fig. 3.11. Flexor tenosynovitis of the wrist in an 8-
year-old female with juvenile rheumatoid arthritis.
Axial gadolinium DTPA-enhanced T1-weighted MR
image of the carpal tunnel demonstrates contrast
uptake of the synovial pannus (asterisks) surround-
ing the flexor tendons (T)
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ment). Sonography does not allow a reliable differ-
entiation between these conditions, but it can guide
the needle aspiration of the sheath fluid for Gram
staining and culture.

3.5
Ligament Abnormalities

Ligament injuries are rare in children. They are
almost exclusively observed in adolescents involved
in competitive sports, but they may be the result
of trauma. There is a paucity of literature on the
application of sonography to ligament imaging in
children. High-resolution US has proved to be able
to reveal injuries of the anterior talofibular and
anterior tibiofibular ligaments in children with
ankle injuries, although unexpectedly, sonogra-
phy identifies more ligament injuries than physeal
injuries in these patients [11]. In partial-thickness
tears, US demonstrates an irregular swelling of the
severed ligament which retains its straight appear-
ance. Focal hypoechoic areas are more often seen at
its proximal and distal attachments. Chronic par-
tial tears may exhibit calcification and scar tissue

M. Valle et al.

Fig. 3.12a,b. Differentiation between
tenosynovitis and joint synovitis.
Longitudinal 12-5 MHz US images
obtained over the dorsal aspect of the
wrist in two different patients affected
by juvenile idiopathic arthritis. a The
extensor tendons (arrows) are thick-
ened and surrounded by hypoechoic
synovial pannus (asterisks). Deep to
these tendons, the dorsal recesses of
the radiocarpal (RC) and mediocar-
pal (MC) joints appear normal. b The
extensor tendons (arrows) are normal,
without any process involving their
sheaths. Instead, a definite effusion

is detected within radiocarpal (small
asterisk) and mediocarpal (large aster-
isk) joints indicating joint synovitis

(Fig. 3.13). In full-thickness tears, the ligament is
interrupted and its ends are separated by either
hypoechoic blood collection (acute) or hyperechoic
fibrosis (chronic). At the medial aspect of the elbow,
the anterior band of the medial collateral ligament
complex may be injured in adolescents who practice
baseball pitching or throwing sports. In a partial
tear of this ligament, high-resolution US reveals a
thickened hypoechoic and irregular ligament sur-
rounded by effusion. In complete rupture, US may
show either a gap or focal hypoechoic areas in the
proximal and distal aspects of the ligament.

In ligament injuries, MR imaging is the method
of choice when the involved structure is inacces-
sible to US examination (for example, the cruciate
ligaments of the knee and other intraarticular or
deeply located structures). The MR features of par-
tial or complete ligament tears are the same as those
described in adults. In particular, a partial tear pro-
duces increased signal intensity within the involved
ligament with some fibres remaining intact, whereas
a complete ligament tear leads to complete discon-
tinuity of the ligament fibres and increased signal
intensity that extends completely across the liga-
ment on T1- and T2-weighted images. Alternatively
there may be complete absence of the ligament.
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Fig. 3.13a,b Partial tear of the right anterior talofibular ligament of the ankle in a 15-year-old girl involved in agonistic athletic
activity. a Longitudinal 12-5 MHz US image over the right anterior talofibular ligament demonstrates discontinuity (curved
arrow) of its deep fibres. b The normal left ligament exhibits a hyperechoic focus (asterisk) reflecting posttraumatic calcifica-
tion; LM lateral malleolus

3.6
Conclusion

Recently improved performance of “small parts”
transducers has enabled US to demonstrate a greater
range of abnormalities that affect tendons and liga-
ments of children and adolescents. Although MR
imaging offers superior soft-tissue contrast resolu-
tion, US is low-cost, noninvasive, of higher spatial
resolution and provides real-time capability for the
assessment of these structures during joint move-
ments and stress manoeuvres. We believe that US
should be regarded as the first-line imaging tech-
nique in the care of patients thought to be suffering
from tendon and ligament disorders. It is our view
that this approach will avoid the need for MR in
many cases. MR examination should be reserved
for patients with complex injuries, such as osteo-
chondral and avulsion injuries where the cartilagi-
nous or bony component is an important part of the
lesion. It is useful to define the extent of the injury,
determine joint involvement and assess fragment
displacement. Radiologists must be able to apply
both imaging methods when investigating tendon
and ligament disorders in children.
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4.1

Introduction

Inflammatory conditions of joints normally present
with pain, swelling and dysfunction. Children over
the age of three to four years of age with joint pain
will usually tell their parents that this is the prob-
lem. However, the diagnosis is not so easy in infants
for whom the presentation may be that the parents
notice that they are not using the limb, have stopped
walking or even, less specifically, have gone off their
food or have altered in mood inexplicably. Careful
physical examination may be required to locate the
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problem. The fractious and unwell child may resist
this examination and it can prove very difficult to
make or exclude acute arthralgia. Other diseases
may mimic joint pain. Muscle injury is a common
mimic and the history is rarely helpful. All young
children are involved in incidents that might pull
muscles regularly and few can relate an injury to a
specific event.

Imaging has a number of potential roles. Princi-
pally these are:

To confirm that a joint is inflamed by detecting an

effusion

To demonstrate that a joint is normal, directing

attention to other possibilities

To define or exclude adjacent bone involvement

To guide aspiration of a joint for diagnostic and

therapeutic purposes

To plot the joints affected by systemic arthropa-

thies

Any joint may be affected by infection, transient
synovitis and systemic arthropathy. However, the
hip is a common site and serves to illustrate the
range of possible diagnoses and the potential assis-
tance afforded by imaging. The same principles
apply to all the other joints of the body.

4.2
Irritable Hip

4,21
Clinical Background

Irritable hip is the clinical syndrome that most com-
monly affects children between the age of four and
ten years. It is most often due to transient syno-
vitis which is a self-limiting condition for which
no cause has been found. However, there are many
other potential causes some of which require urgent
medical attention if serious consequences are to be
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avoided. The list of possible causes of an irritable
hip includes:

Transient synovitis

Muscle or tendon injury

Septic arthritis

Perthes' disease

SUFE

Systemic arthropathy

Crystal synovitis

Haemorrhagic diatheses

There may be clues in the history that assist—for
example, previous episodes, family predisposition or
a tendency to bleed easily. However, there is so much
overlap it is unwise to rely on the clinical presenta-
tion to exclude the more serious causes of joint pain.
Studies have shown that some children with aggres-
sive septic arthritis do not exhibit clinical features
that would discriminate them reliably from transient
synovitis. Fever, intensity of pain, duration of pain,
ESR (erythrocyte sedimentation rate), CRP (C reac-
tive protein) and general malaise have all been studied
and many, if not all, may be normal or absent despite
the presence of a pyogenic organism in the joint. It is
true that these features are more common in septic
arthritis [1] but as we only see one patient at a time it
is potentially dangerous to stop or delay investigation
because the clinician is “sure that it is not infected”.

4.2.2
Role of Imaging in Detection

An effusion in relatively superficial joints such as
the knee is often straightforward to detect clinically.
However, in the shoulder or hip, large effusions may
be occult clinically and in complex joints such as the
wrist it may be difficult to distinguish ganglia from
effusion and synovitis. Indeed, even in the knee a
small collection may be overlooked and it is recog-
nized that the amount of fluid does not predict the
severity. Pyogenic septic arthritis may present with
a small amount of fluid in the joint.

4.2.2.1
Plain Films

Some authors and textbooks suggest that displace-
ment of fat planes may indicate an effusion. This
is true, but potentially misleading. In the knee dis-
placement of the fat and muscle planes around the
suprapatellar pouch is sensitive to small effusions,

D. Wilson

although it is likely that clinical examination is just
as sensitive. In the elbow, provided that the image is
a true lateral, displacement of fat pads is an excel-
lent and reliable means of detecting or excluding an
effusion. However, in the shoulder there a few planes
that help and in the hip the position of the fat/muscle
interfaces is more related to external rotation than
being a true sign of an effusion. In 1966 Kemp and
Boldero described lateral displacement of the femoral
head associated with effusion in the hip of children
with early Perthes’ disease [2]. The authors attributed
the displacement to cartilage oedema and thickening,
but others who misread and misinterpreted the paper
thought that the sign indicated an effusion. Recent
ultrasound (US) evidence and correlation confirms
the original hypothesis, but unfortunately the error
has been transcribed through generations of text-
books. Suffice to say that there are no reliable signs
of an effusion of the hip on plain films [3].

4.2.2.2
Nuclear Medicine

Bone scintigraphy with Tc99m MDP has been pro-
posed as a means of detecting hip disease in children
with an irritable hip. It will show increased activity
on both blood pool (vascular) phase and crystal (late)
phase images in almost all the causes of irritable hip
listed above. There may be areas of photopenia in cer-
tain stages of early Perthes’ disease but is less sensitive
than MRI. Effusions are not directly detected, and
a negative scintigram does not exclude hip disease.
Since the advent of MRI there is now little role for scin-
tigraphy in the management of the irritable hip [4].

4.2.2.3
uUs

Ultrasound is the best, fastest and most accurate
means of detecting joint effusions (Figs.4.1-4.3)
[5, 6]. Most fluid will be echo-free but some effu-
sions contain particulate matter that creates some
internal echoes. When there is doubt, one should
first compare the potential area of fluid with known
areas of fluid at the same depth, such as a vessel or
thebladder. The gain setting should then be adjusted
to make the known fluid appear just echogenic then
turning the gain back to the point at which it appears
just echo-free, and re-examining the suspect areas
with a more accurate means of typing the material
in the joint. Echogenic effusions include very recent



Fig. 4.1 Ultrasound of a normal hip

Fig.4.2 Ultrasound of a hip with an
echo-free (black) joint effusion. Mea-
surements should be from reference
points identifiable in both hips in the
same direction with the limbs in the
same position. A difference of 2 mm is
significant [5]

PA T9% Map1
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Fig. 4.3 Increased blood flowseenaround
the suprapatellar pouch in a knee with
an effusion and joint infection
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haemarthrosis and pus, but also some inflamma-
tory exudates with high protein content. Compari-
son with the normal side is very useful but care
should be taken to place the normal limb in the
same position as the suspect one. There is no need
to straighten both as an effusion will be best seen in
the position that the patient finds most comfortable.
Indeed, in the hip straightening forcibly may push
the fluid deep into the joint and make it less appar-
ent in the anterior capsule. Position the normal side
to match the affected limb.

The most sensitive scanning plane will be along
the long axis of the limb over the area where the
capsule is most slack. In the hip this is along the
anterior femoral neck in an oblique sagittal plane;
in the elbow in the posterior joint with the elbow
flexed and dependent; in the shoulder along the
biceps tendon where the joint is most dependent
and loose.

Unfortunately, although US can accurately detect
effusions and perhaps more importantly exclude
their presence, it cannot determine the nature of the
fluid. The echo pattern, the blood supply to the cap-
sule and the size of any effusion may all be assessed,
but no one feature is specific for blood or pus as
opposed to transudate [7]. This discrimination can
only be made by aspirating the fluid.

Patients with Perthes’ disease commonly have
an effusion but also may show atrophy of the quad-
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riceps muscle when examined by US. This is not a
common feature of transient synovitis [8].

4.2.2.4
CcT

In children CT is best avoided because of the radia-
tion dose that results. Motion of the patient may be
a problem even with modern fast helical machines
and sedation may be required. In the detection of
joint effusions CT has modest value and should be
reserved for those cases where there is bony involve-
ment which must be assessed prior to surgery. Even
then it would be in the rarest of cases where a com-
bination of US and MRI were not the preferred
approach.

4.2.2.5
MRI

Arguably MR is the most sensitive method for
detecting joint effusions but it is impractical for
children as a routine method. T2-weighted images
show high signal with fluid and capsular distension
will be recognized (Fig.4.4). It can demonstrate
the whole joint and not just the areas unmasked
by bone. US has blind areas but fortunately this

Fig. 4.4a,b Fat-suppressed images of a hip with both a joint effusion and muscle haemorrhage/oedema after trauma
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is rarely a practical problem. The major weakness
of MR is that it cannot discriminate solid synovial
hypertrophy from effusion without using intra-
venous or intra-articular contrast agents. The
manoeuvres are expensive, time consuming and
invasive. They should never be used when US is
available.

US cannot image osseous disease and the main
role of MR is to show osteomyelitis, bone oedema
and microfractures. There is evidence that bone
oedema does not occur in transient synovitis but
may be seen in some but not all cases of septic
arthritis [9]. Patients who have symptoms of irri-
table hip and no effusion on US are best examined
by MR. The role of scintigraphy in this context has
been completely replaced. MR is more sensitive,
more specific and does not require venepuncture or
radiation exposure. However, movement of the child
may be a problem and carefully supervised sedation
or anaesthesia may be necessary.

4.2.3
Role of Imaging in Treatment

Many joints may be aspirated without image guid-
ance. However, the hip and shoulder are deep and
US is invaluable in identifying the best point for
puncture. Once found it is usually best to place the
needle without direct US guidance. This is because
US guidance with sterile probe covers takes time and
requires gentle manipulation of the needle approach,
and children are unlikely to tolerate these manoeu-
vres. Aspirate the joint to dry as this will alleviate
the pain and send material for urgent Gram stain-
ing and culture. In selected cases, crystal studies
are appropriate. If a joint is fully aspirated the pain
relief is far better than can be achieved by analgesia,
bed rest or skeletal traction. These measures are
now rarely needed. A clear effusion with a negative
Gram stain would allow the child to be sent home for
outpatient investigation and follow-up, thus saving
admission and psychological trauma. The discom-
fort of a joint aspiration should be little different
to a venepuncture, especially if local anaesthetic
jelly is applied to the potential puncture site at least
90 minutes in advance of the US examination. To
avoid a second visit to the ultrasound room, it is
useful to train the ward staff where the puncture
site normally is and to ask them to apply the local
anaesthetic jelly in advance of the diagnostic pro-
cedure [10].
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4.2.4
Management Protocol

It pays to have a clear and agreed protocol for the
management of a child with an acutely painful
joint. Many clinical teams are involved and a clear
pathway helps all. Whether the referral is via gen-
eral practice, accident and emergency, paediatrics
or orthopaedics, the process should be the same to
avoid doubt, risk and oversight.

The initial assessment is not contentious:

History from child

History from parent or guardian

Clinical examination

Ultrasound of the affected joint with comparison

to the normal side

If neither fluid nor synovitis are found on ultra-
sound then there should be further investigation to
find the source of the symptoms. A plain film should
be the next step followed by a clinical review. Exam-
ples of disease that may mimic hip pain are iliopsoas
abscess, muscle strain or tear, stress fracture and
retrocaecal appendicitis, amongst many others.

If the child is over 8 years of age then plain films
are mandatory to exclude SUFE and Perthes’ dis-
ease. Joint effusion is seen in 74% of patients with
Perthes’ disease and in 50% of those with SUFE.
The film should be taken in “frog lateral” position
as 11% of cases of SUFE would be overlooked on an
ordinary AP (frontal) view.

If there is fluid, then it may be “benign” transu-
date or “aggressive” sepsis. There is only limited
evidence from small numbers and series where
there were no infected cases that the severity of the
symptoms, ESR, CRP, blood count, body tempera-
ture, volume of effusion or the presence of synovial
thickening are predictive of whether the fluid is
pus or transudate [11]. Fortunately septic arthritis
is rare but this makes statistical analysis difficult
when asking whether a sign can exclude the condi-
tion. Indeed, there are examples of children with
small effusions and no synovial reaction who have a
normal blood test and are afebrile and who still have
a septic arthritis. There remains serious doubt that
any combination of US and clinical signs can safely
exclude infection [12]. This is the first argument for
diagnostic aspiration. Should the effusion be free
from infection then the symptoms will resolve after
the aspiration as they are due to the pressure inside
the joint. Early aspiration has been shown to give a
lasting relief of effusion compared to conservative
management [13]. This allows early discharge and
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provides the second argument for early US-guided
joint puncture. Counter to this there is a logistics
problem in providing what must be a 24-hour US and
aspiration service. Some centres elect to admit over-
night for observation and analgesia. This carries the
risk that the septic joint may deteriorate with risk if
irrevocable damage to the articular cartilage. In one
year’s practice we found that 4% of children with
irritable hip were suffering from a septic arthritis
(Nuffield Orthopaedic Centre, internal audit data).

Lastly there will be the occasional case where
there is a sterile effusion that is drained and then
after several days or even weeks that condition
recurs [14, 15]. Initially, the same clinical examina-
tion and US scheme should be used for the second
episode, but it is then wise to arrange an MR study
[4, 16] and serology for inflammatory markers.
Some cases of recurrent transient synovitis will
never be explained but others will be the presenta-
tion of juvenile arthropathies or adjacent bone dis-
ease with secondary joint irritation. Bone diseases
include, osteomyelitis, Perthes’ disease and subar-
ticular tumours including osteoid osteoma. Acute
chondrolysis is rare but will cause similar symptoms
and will only be detected on high resolution MRI,
preferably MR arthrography. It is seen as cartilage
oedema with focal thickening and later as defects
and loss of joint space.

4.2.5
Potential Developments

The increased sensitivity of US to blood flow now
leads to the possibility of assessing the amount of
blood that is flowing in the periosteal supply to the
femoral neck [17]. It may be possible to judge the vas-
cular viability of the femoral head in conditions that
threaten its blood supply, notably SUFE, Perthes’
disease and fractures. However, the method is not
yet reliable as a tool to discriminate septic arthritis
from transient synovitis [18]. There are significant
problems associated with quantification and it may
be that newer microbubble contrast agents may hold
the key

Acquisition of 3D data by US may become a
method of assessing the shape and size of a joint
prior to surgical correction by osteotomy or rota-
tional procedures. Having said this, MR is already
more than capable of providing such data and will
take some dislodging as the method of choice.

Weight-bearing MR is feasible on purpose-made
machines. This should cast better light on the bio-
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mechanics of alterations in joint shape and align-
ment. It may predict those cases liable to early
stress-related degenerative disease.

4.3
Synovitis

4.31
Clinical Background

The above description may be seen as a model for the
investigation and management of children with an
isolated arthropathy. There will be occasions where
multiple joints are involved. The differential diagnosis
includes juvenile arthropathy due to a collagen dis-
order, reactive arthropathy secondary to an infection
(gastrointestinal in particular) and rarely coagulation
disorders. The diagnosis will be made on the basis of
a spectrum of findings from history, clinical examina-
tion, serology and imaging. Of these,imagingis perhaps
the least effective. However, there is a much stronger
role for the radiologist who can determine the severity
of the synovial disease, establish its spread or extent
and demonstrate changes over a period of time.

4.3.2
Role of Imaging

The questions posed of imaging are:
Is there synovitis?
Which joints are affected?
Is there bone or cartilage damage?
How is the disease progressing?

Plain films will demonstrate the destructive
marginal changes of established aggressive synovial
disease but they are usually only positive at a stage
when the opportunity to treat effectively with dis-
ease-limiting drugs has passed or at least reached
a point of considerably diminished return. In chil-
dren, marginal erosions will affect unossified bone
and will be very late to present.

Ultrasound is the undoubted method of choice
in detecting joint effusions. It also is the best way of
differentiating joint fluid form synovial thickening
[19]. These look almost the same on unenhanced MR
images. US with colour flow Doppler, preferably power
Doppler, will show the extent of the vascular supply of
the synovium providing a qualitative representation of
the degree of synovial inflammation. US is particularly
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effective in mapping the number and distribution of
joints involved and has proved to be better than plain
films and clinical examination in grading the involve-
ment of joints [20] with a sensitivity seven times that
of the older methods [21]. The experienced examiner
can achieve a rapid tabulation of involvement of all the
joints of the extremities in less than 20 minutes.

MRI can only be used to differentiate fluid form
synovial hypertrophy if intravenous Gd-DTPA or
intra-articular injection is performed, but it may
well be the most sensitive method that we have to do
this [22] (Fig. 4.5). If the question is whether synovi-
tis is present then conventional unenhanced FSTIR
images may show erosion, avoiding the need for
injection. However, MRI is less useful for plotting
the extent of disease as, although it would work, it
would need multipleimages after contrastand would
take an impractical length of time in patients whose
patience and cooperation will deteriorate rapidly.

4.3.3
Potential Developments

The roles of US and MR in following the progress of
drug treatment have not been fully established but

Fig.4.5 T1-weighted MR after intra-
venous Gd DTPA in early synovitis
(arrows white area) with normal plain
films. Compare the adjacent joints
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there is likely to be an important role both in sys-
temic treatment and intra-articular injection [23].
There are problems in quantifying the degree of
vascular injection using both techniques. Tempera-
ture changes in the room, the position of the patient
and pressure exerted by the imaging devices will
all alter the blood supply. US contrast agents may
give a more reproducible method and MR Gd-DTPA
uptake measurements have potential [24].

4.4
Osteomyelitis and Soft-tissue Infection

441
Clinical Background

Bone infections may result from direct penetration
and implantation in the bone from trauma or surgi-
cal procedures. Less common but potentially serious
bone infection of haematogenous origin presents
with pain, dysfunction and sometimes fever. What-
ever the origin, bone infection is difficult to eradi-
cate and chronic infection often results. A careful
diagnostic work-up, staging by imaging, microbio-
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logical typing and tailored antibiotic and surgical
treatment are essential. All too often bone infection
is poorly or incompletely treated, leading to chronic
and often very long-term disease.

In those cases where there is direct implantation,
the organism will depend on the degree and type of
contamination. Gram-positive cocciare common but
many types of infection are seen. Those infections of
hospital origin may well be resistant to a number of
antibiotics. If the wound is poorly vascularized or
frankly necrotic, different organism abound. Gram-
negative rods and even gas-forming organisms
such as clostridia may be found. An unusual infec-
tion, found in those who keep fish, is tuberculosis
marium, found in fish tanks and caught by handling
the contents with a wound or cut on the hand.

Infections of blood-borne origin are typically due
to Staphylococcus aureus, Streptococcus pyogenes
and Mycobacterium tuberculosis. It can be argued
that tubercular infections tend to be lower grade
clinically with less fever and a subacute presenta-
tion. However, there is so much overlap that it is wise
to assume that any individual case of bone infection
could be due to pyogenic and tubercular infection
whatever the history and signs at presentation.

Chronic recurrent multifocal osteomyelitis in chil-
dren will mimic acute and chronic osteomyelitis clin-
ically and on imaging [25]. The lack of an identifiable
organism, resolution and recurrence at other sites are
later but diagnostic features. There is an association
with pustular skin diseases. Imaging by plain films
and MRI will define the extent but will not allow a
diagnosis. Bone scintigraphy is arguably the easiest
way of searching for other occult or early sites; all the
long bones should be included in the examination.

Soft-tissue infections range from cellulitis to
abscess formation. Again the pyogenic organisms
predominate. There is a strong link with penetrating
injuries. Muscle infection may be secondary to dif-
fuse soft-tissue cellulitis or to osteomyelitis. It may
also occur spontaneously without other compart-
ments involved, especially in immunosuppressed
patients.

4.4.2
Role of Imaging in Detection

Plain films are sometimes diagnostic with evidence
of periosteal reaction and permeative lysis in the
affected areas. Later, repair and necrosis may lead
to sclerosis, new bone formation and even frank
destruction. Unfortunately, in the early stages the
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images are normal and it may take several weeks
for plain films to reveal any signs.

Isotope bone scintigraphy has been used exten-
sively to detect areas of increased bone turn-over
suggesting that infection is a cause. The changes
are nonspecific and there is little to differentiate the
signs resulting from trauma, infection, tumour and
degeneration. The greatest value of scintigraphy is
to declare that the bones are normal having under-
stood that there may be false-negative examina-
tions in the first few days of osteomyelitis. Gallium
citrate scintigraphy and indium chloride-labelled
white cell studies are more specific for infection but
there remains sufficient overlap with other diseases
to require a biopsy for confirmation in most cases.
Therefore as a biopsy is likely in any case where the
imaging is focally abnormal in an area that cannot
be explained by other factors then there is little value
in tests that merely increase the chance that infec-
tion is the cause. The biopsy will do this whatever
the imaging shows.

Ultrasound has a relatively minor role in the
staging and confirmation of osteomyelitis. How-
ever, it may detect periosteal reactions as a thin
layer of fluid alongside the periosteum even in cases
where the plain film is abnormal (Fig. 4.6). This
sign should lead to further investigation, typically
plain films and MRI, usually followed by a biopsy.
The converse significance of this sign is not help-
ful as there are cases of proven osteomyelitis where
there was no periosteal collection seen with US. US
is the technique of choice in differentiating cellulitis
from abscess cavitation and in determining whether
the joints are involved [26]. US is very sensitive and
accurate in detecting pyomyositis but MR may be
needed to exclude osteomyelitis [27].

Bone scintigraphy used to be the investigation
chosen to rule out osteomyelitis when plain films
were normal but it has been supplanted in this
by MRI. There may be rare occasions when MR is
impractical or equivocal when triple-phase bone
scintigraphy has a role [28].

MRI is the most useful investigation for staging
the extent of disease [29-31] (Fig.4.7). A normal
study using T1-weighted and T2-weighted images
with fat suppression (or STIR) will exclude even early
symptomatic osteomyelitis [32]. The only occasion
where infection is likely to be overlooked is when
the disease is not yet producing symptoms. Areas of
oedema (low on T1 and high on T2) are also seen
in microfractures due to trauma. Infection typically
leads to adjacent soft-tissue changes but as these are
common in injuries, this does not help. The history
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Fig.4.6a,b Sagittal and axial US
showing a periosteal reaction due
to proximal femoral acute osteo-
myelitis. Plain films were normal at
this stage

is critical but this may not always be reliable in chil-
dren or for that matter in adults. The extent of infec-
tion including involvement of joints, abscess forma-
tion and necrosis of the affected bone are all seen on
MR (Figs. 4.8,4.9). The areas infected tend to be sur-
rounded by oedema and it is not possible to differ-
entiate this from truly infected regions. Intravenous
contrast may increase the ease of discrimination of
oedema from infected areas but it is not reliable and
rarely makes any impact on management decisions.
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Biopsies should be taken bearing in mind that the
margins may not be representative whilst the centre
of the lesion may be necrotic. It is prudent to take
several samples from different areas. MRI is poor
at discriminating oedema from a fluid-contain-
ing abscess; intravenous contrast helps but may be
confusing. Ultrasound is the best method of show-
ing pus or fluid that could be aspirated or removed
and is the ideal means of guiding needle puncture or
catheter introduction.
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Fig.4.7a~c Plain films and MR (FSTIR) of a case of Brodie’s
abscess (chronic osteomyelitis with sclerosis around an
intraosseous abscess cavity)
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Fig.4.8a,b US and MR of a patient with a small abscess containing echogenic (white) pus adjacent to the calcaneus. FSTIR MRI
shows oedema in the adjacent bone which could be reactive or a sign of early osteomyelitis. Follow-up MR after antibiotic
treatment showed resolution of this issue

Fig. 4.9 Tuberculous abscess on the medial side of the ileum
and pyomyositis of the proximal gluteal muscles on the lateral
side of the bone that is also infected
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4.4.3
Role of Imaging in Treatment

As detailed above, imaging, especially MRI, is impor-
tant in deciding where to biopsy. US will determine if
the mass effect seen on MR or detected clinically is
an abscess. Most will use fluoroscopy or CT guidance
to obtain the specimens and US to aspirate fluid. The
choice depends onlocal facilities and individual skills,
but fluoroscopy is generally faster and less complex
for bone biopsy and US is more suitable for soft-tissue
lesions. CT is essential when there are intervening
gas-filled structures that must be avoided.

MR is the best means of following the response to
treatment; it is best performed on the same equip-
ment with the same protocols for each follow-up
study. Even with extended field of view imaging, US
is poor at providing images that can be compared
in follow-up examinations. It may be used to review
changes in overall dimensions of mass lesions or
cavities. Surgical planning will be based on a combi-
nation of imaging methods, but MR is the principle
method [33].

4.4.4
Potential Developments

Advances in MR techniques including diffusion-
weighted imaging and chemical shift imaging may
increase the precision in deciding which area is
truly infected and which is only reactive oedema.
This may influence borderline decisions to operate,
especially when the area of surgery must be limited
because of adjacent critical structures.
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5.1
Introduction

The finding of a lump by a child or parent is always
met with anxiety. Although a good history and
examination can often go a long way in determin-
ing whether a lesion needs further investigation,
imaging can often completely reassure the patient
and parents that the lesion is benign, permitting
the family to go away “happy”. Whilst soft tissue
tumours in children are rarely malignant, it is
important to make an early diagnosis when they
are!

G. ALLEN, DCH, MRCP, FRCR
The Royal Orthopaedic Hospital NHS Trust, Bristol Road
South, Northfield, Birmingham, B31 2AP, UK

5.2
us

Ultrasound (US) examination should be the first-
line imaging investigation after a soft tissue “lump”
has been discovered. It does not involve radiation
or sedation. The precise area of concern can be
“pointed to” by the patient and identified prior to
imaging. The family is given immediate feedback
and unfounded anxieties may be eased.

US examination can detect whether the swelling
is purely cystic or has solid elements. Sometimes
the location of a mass and its composition can be
diagnostic; for example a popliteal cyst — a purely
cystic lesion behind the knee arising from between
the medial head of the gastrocnemius muscle and
the semimembranosus tendon. Similarly a ganglion
around the wrist may be safely diagnosed using US
alone [1].

In general any lesion that is solid (echogenic) or
partly solid should be investigated further. A possible
exception is in the case of a haematoma. When there
is a clear history of injury and a partly echogenic
lesion is found, then it often may be fully assessed
by US. However, this must only be performed with
considerable caution as there are occasions where a
malignant lesion haemorrhages, hiding the original
neoplasm. As a consequence it is hazardous to make
a definite diagnosis of haematoma from a single US
examination. A haematoma, in the early phases, can
be solid and echogenic but it will liquefy over the next
few weeks and then resolve. This inevitable alteration
in pattern can be used to diagnostic advantage. Fol-
lowing such a lesion by additional US examination
can be invaluable—watching the “swelling” liquefy
over a period of days or weeks until its resolution
(Fig. 5.1). The clinical history is also an aid but again
not definitive. An area of injury that becomes “softer”
and “smaller” is in keeping with a haematoma. A
lump should never be labelled as a haematoma with-
out confirmation of resolution by serial US examina-
tions, thereby avoiding the rare but significant risk
of overlooking a malignant tumour with secondary
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haemorrhage. In addition, a lesion that is getting
larger and “harder” is worrying whatever the imaging
shows. When resolution is not steady and progressive
it is prudent to perform MR and consider biopsy.

On some occasions the US study prompts fur-
ther imaging. For example, if the adjacent bone is
involved or if the “lump” is uniformly solid in nature
and not likely to be a haematoma.

Lipomasare commonand usuallybenign. Itwould
be unreasonable to perform biopsies on all such
lesions. A practical and safe approach is to use US to
define the nature, size and spread. If the lesion is not
growing, lies within a normal fatty layer, does not
invade muscle or other non-fat structure and itis less
than 10 cm in maximum diameter, then a diagnosis
of benign lipoma may be safely made using a com-
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Fig.5.1 a A possible haematoma seen on US
as a mixed solid and cystic lesion. b Three
weeks later the lesion has decreased in size
and has completely liquefied, confirming the
diagnosis of a haematoma

bination of clinical and US features. Any variation
should be investigated with MR and biopsy. Imaging
may help guide the biopsy as heterogeneous tissue
may contain areas that are more or less aggressive.
Features that suggest that the region is more aggres-
sive and therefore the best site for biopsy are a high
interstitial water content (where there is reduction
in echogenicity), focal enlargement and invasion of
normal structures. “Cystic” areas are to be avoided
as these are likely to contain necrotic tissue and will
not render diagnostic material.

US can also detect calcification in its very early
stages often before it is visible on plain films. It
may therefore be useful in some diagnoses such as
phleboliths occurring in a haemangioma and calci-
fication in early myositis ossificans (Fig. 5.2).
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Fig. 5.2 Extended field RT QUAD_
of view US of a liquefied
haematoma with adjacent
calcification in keeping
with myositis ossificans

5.2.1
Plain Radiographs

Conventional radiographic examination is impor-
tant in the assessment of a soft tissue lesion, espe-
cially if the patient also has bony pain or if the mass
appears adherent to the bone on examination. It can
also be useful if the lesion appears hard to touch and
shows some calcification on US. Soft tissue lesions
can be present in primary bone tumours such as
a Ewing’s sarcoma or infection. Here the site and
appearance of the plain films can be diagnostic.
Some soft tissue lesions contain calcium deposits
which may also be seen on the plain film (for exam-
ple, phleboliths and myositis ossificans as discussed
above) (Fig. 5.3). The detection of calcium in soft
tissues may also help in short-listing potential diag-
noses. Early calcification will be seen on US some
time before it casts a radiological shadow.

5.2.2
Magnetic Resonance Imaging

MR examination is essential in locally staging a
soft tissue lesion prior to biopsy. It will answer the
following questions: Is there subtle involvement of
bone? Is this a primary soft tissue or bone lesion?
Are there further lesions in the same limb? (skip

Selly Oak Hospital

Fig.5.3 Plain radiograph of myositis ossificans
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metastasis) (Fig. 5.4). Signal characteristics often
suggest the composition of the mass, whether it is
fluid, fibrous, calcified or contains fat. The main
difficulty with MRI in children is that it may be
necessary to sedate the patient. For this reason this
examination should be performedin a specialist unit
where the radiographers are experienced in examin-
ing children and where monitoring with paediatric
anaesthetic cover is available. Contraindications
to MR are less likely in children, but some cardiac
and intracranial shunts may be a problem. Luckily
claustrophobia is less of a problem in children and
the majority of children will undergo MR imaging
without sedation.

5.3
Computed Tomography

If the lesion arises from bone, CT is sometimes per-
formed, but in children its use should be discour-
aged as the radiation dose is high. MR will almost
always define any bone invasion as well as, if not
better than, CT. CT is principally used for bone-
based lesions such as osteoid osteoma (Fig. 5.5). CT
is sometimes used to measure the limb for custom-
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made prosthetic replacement of bone, prior to
resection of bone tumours. Once the diagnosis of
malignancy is made, body CT (chest and sometimes
abdomen) is important in the staging of sarcomas.
The presence or absence of lung metastasis must be
known before embarking on therapy, and therefore
a CT of the chest is indicated after histological con-
firmation of this diagnosis.

Rarely CT of the primary lesion may be the only
option, for example when MRI is contraindicated.

5.4
Nuclear Medicine

Bone scintigraphy for metastasis screening is per-
formed to ensure that bone-based lesions are soli-
tary. It may also help detect skip metastasis within
the same bone (Fig. 5.6). The presence of multiple
lesions suggests metastasis although infection and
multiple benign lesions may mimic secondary
deposits. Scintigraphy is time consuming and uses
radiation and venepuncture. There may be an argu-
ment for whole-body MR as an alternative screening
tool as MR technology improves and the technique
becomes more available [2].

Fig.5.4a,b MRI showing a
primary Ewing’s sarcoma
with a skip metastasis
more proximally
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Fig.5.5a,b CT of a metatarsal in a 16-year-old boy showing an osteoid

osteoma
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-

Fig. 5.6 Nuclear medicine Tc99m bone scan showing a single
distal femoral lesion and skip metastasis more proximally
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5.5
Disease characteristics

5.5.1
Benign Lesions Seen On US

5.5.1.1
Lymph Nodes

Lymph nodes may be found in a variety of locations
in children especially in the cervical region. Numer-
ous nodes can be present but if they are in a chain
then this is reassuring.

On US, lymph nodes are well-defined, homoge-
neous lesions usually near neurovascular bundles.
They exhibit a characteristic vascular pattern with
a large amount of vascularity centrally (Fig. 5.7) [3,
4], and if they are benign and reactive in nature they
often have a highly echogenic hilum (Fig. 5.8) [5].
Benign nodes are small and are wider than they are
deep. Malignant lymph nodes are rounded, large,
of low echogenicity and rarely have an echogenic
hilum. They are more likely to have identifiable
peripheral vascularity on colour Doppler.

The location of the lesion can be diagnostic. If
there is a primary lesion in the area that drains to
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a lymph node group then the clinical detection may
explain all the signs without any imaging being
necessary. For example, lymph nodes in the groin
are usually the result of disease of the lower leg and
pelvis. Lymph nodes in the axilla drain the upper
limbs and upper trunk. Cervical lymph nodes are
associated with primary disease of the head and
neck region.

G. Allen
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Fig. 5.7 Normal lymph
node seen with US with
an echogenic hilum
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Fig. 5.8 Normal lymph
node seen with US and
showing central vascular-
ity on colour Doppler

In children most lymph node enlargements, espe-
cially widespread lesions, are the result of infection
and therefore signs or symptoms of fever, rashes and
arthralgia should be sought. They can be present in
all the areas mentioned above. Infectious mono-
nucleosis remains a common condition of young
people and can cause significant cervical lymph-
adenopathy. Other important disease processes that
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cause lymph node enlargement are arthritis (Still’s
disease) and lymphomas [6] which are the common-
est malignancy in children in some series [7, 8].

Rare causes of lymphadenopathy include Kawa-
saki’s disease [9]. In the developed world this is
now a more common as a cause of cardiac disease
in childhood than rheumatic fever. In some popu-
lations the possibility of AIDS should also be con-
sidered. Epicondylar lymph nodes may be found in
cat scratch fever which is often a diagnosis that is
overlooked. It is important to take a history of the
patient’s pets [10]!

There is a wide diversity of childhood problems
that cause lymphadenopathy and in which imaging
alone is not diagnostic. The importance of a good
history and clinical examination cannot be over-
emphasized. US takes some time and the discussion
that takes place with the patient and parents is often
as useful in diagnosis as the examination itself. If a
cause for lymphadenopathy is not apparent on imag-
ing, laboratory or clinical grounds then a biopsy or
fine needle aspiration is advisable.

5.5.1.2
Ganglia

These common lesions of joints and tendons most
often occur at the wrist, where they commonly arise
from the scapholunate joint. There is sometimes a
history of trauma but most occur spontaneously.

Fig.5.9 US of a ganglion
on the dorsum of the

finger
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They may be found in many locations related to
joints and tendons. The fingers and feet are the most
common site (Fig. 5.9). The US appearances are of an
anechoic mass with acoustic enhancement behind,
signs that demonstrate its cystic nature. This can,
however, be less obvious as a characteristic in the
near field of the US as they may be very close to the
skin. This is due to the relatively poor performance
of US in the near field. This artefact varies with dif-
ferent machines. Occasionally a ganglion may con-
tain particulate matter [11]. Compression under the
US probe will confirm the fluid nature of the lesion.
It is often helpful to compare the mass with an area
of known fluid at the same depth, for example a vein.
The gain level should be adjusted to a point where
the known fluid is just echo-free and then the lesion
should be re-examined. A solid but hypoechoic mass
will then appear brighter than the known area of
fluid. Doppler imaging can also exclude the pres-
ence of vessels. One pitfall is when a vascular anom-
aly with low flow rates appears “cystic” in nature
and Doppler only shows the vessels when the distal
limb is compressed or exercised.

5.5.1.3
Popliteal Cysts

Popliteal or “Baker’s” cysts occur behind the knee.
They are an anechoic lesion with acoustic enhance-
ment behind arising between the semimembranosus

14:14:21

Fr #234 2.0 cm
0
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tendon and the medial head of the gastrocnemius
muscle. They may be large and can track around
the knee even to the anterior regions. The hallmark
is a neck or isthmus that runs back to the joint
(Fig. 5.10). There is often associated suprapatellar
fluid in children [12]. Baker’s cysts are less common
in children than adults [13] and may contain very
thick, jelly-like fluid that is difficult or impossible
to aspirate. Chronic lesion are often divided by septa
[14, 15].
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5.5.1.4
Lipomas

Benign fatty tumours may exhibit many levels of
echogenicity (Fig.5.11) but most commonly they
show the same echo pattern as adjacent fat [16]. They
should contain fibro-fatty streaks like the adjacent
fat. They are usually well defined and displace the
surrounding tissue or look like an increased depth
of normal fat in comparison to the other side of the

Fig.5.10 US of a popliteal cyst with the
classic “soap bubble” appearance aris-
ing from the knee joint

TIs0.0 MIO0.48
Fr #128 2.4 cm

Fig.5.11 US of a lipoma in the anterior
thigh showing uniform hyperecho-
genicity compared with the surround-
ing fat
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body at the same site. This is an advantage of US
imaging as it is simple to compare sides at the same
examination with minimal time penalty. There is
normally no detectable blood flow in benign lipo-
mas using power Doppler US. Any detectable vas-
cular supply should raise suspicion of malignancy.
If there is any doubt, or the history is one of rapid
growth, then local staging MRI and a tissue biopsy
should be performed [17]. Lipoblastoma is a rare
form of “childhood lipoma” that occurs in infancy
[18].

5.5.1.5
Sebaceous Cysts

These are cystic structures on US, but may contain
some echoes; they are located just underneath the
skin. There is usually a detectable punctum clinically
and the cysts poke up to the surface (Fig. 5.12). They
are avascular which can help the differentiation from
skin metastasis which are rare in children [19].

5.5.1.6
Verrucas

Plantar and palmar verrucas are highly vascular
lesions of low echogenicity extending with a flat
base to the skin surface. They have typical clinical
appearances but may be confusing if they are large
or in unusual locations [20]. Blood flow is typically
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Fig.5.12 US of a sebaceous cyst which
presented as a “lump” showing a punc-
tum extending to the skin
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increased on Doppler imaging in the immediate sur-
rounding tissues.

5.5.1.7
Foreign Bodies

All types of foreign body will be echogenic but they
may be very small. Fortunately, those that are causing
symptoms will have produced a local inflammatory
reaction which is readily seen on US. The appearances
are of an echogenic entity surrounded by an area of
low echogenicity. If the foreign material is located in
the fingers it may induce a tendinopathy (Fig. 5.13).
This occurs within a week or so of the inoculation. The
decreased echogenicity around the lesion looks like a
“halo” and is due to the foreign body granulation reac-
tion [21]. In a finger it may cause an isolated tenosy-
novitis rather than a peripheral reaction. Foreign body
inoculation is not always remembered by the patient
especially in children who may not notice the event as
they are so preoccupied with “playing” outdoors.

Wood splinters are a common occurrence in chil-
dren and will not be demonstrated on plain radio-
graphs. In the initial post-injury phase they may
also not be seen with US. If there is a definite injury
and removal of the whole of the foreign body is not
certain, then it is better to see the child a week after
the injury to look for foreign body inoculation with
US. By then the classic appearance will be apparent
as outlined above. No other method of imaging is as
useful in finding retained foreign bodies.

SIEMENS
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5.5.2
Vascular Anomalies

Vascular anomalies are one of the more common
lesions in children [22]. The classification of these
lesions is complex. They can arise from blood vessels
or lymphatic channels. The elements that proliferate
may arise from the smooth muscle or endothelium
of the vessel. Imaging can determine the flow rate
of such vessels and therefore imaging classifications
are based on slow or fast “flow”.

We divide the abnormalities into (1) haemangio-
mas and (2) vascular malformations.
1)Haemangiomas

These are lined with endothelium and appear
shortly after birth, growing rapidly in their
proliferative phase and involuting over time

(Fig. 5.14).

They are divided histologically into infantile, cap-
illary and cellular types.

Congenital haemangiomas are present at birth

and involute over time [23].

Other rare vascular tumours include infantile

haemangiopericytoma, spindle cell haemangio-
endothelioma and kaposiform haemangioendo-
thelioma.

Kasabach-Merritt syndrome is associated with

the last two lesions and thrombocytopenia and

anaemia with disorders of clotting [24].
2)Vascular anomalies

The vascular endothelium is stable in these lesions

and they are made up of arteries, veins, capillar-

ies, lymphatics and a combination of all of these.

They are usually sporadic in appearance but can

G. Allen

Fig.5.13 A wooden splin-
ter in the palm of the
hand has excited a florid
vascular response in the
adjacent tissues

be associated with genetic disorders. These are
not often present at birth but become apparent as
the child develops. They are often characterized
according to the internal flow rate.

Fast-flowing lesions are arteriovenous malforma-
tions (Fig.5.15) and fistulas, and slow-flowing
lesions are venous, capillary and lymphatic in
composition.

The most well known lymphatic malformation is
the cystic hygroma which occurs most commonly
in the neck and axilla. These show large fluid-
filled spaces that have no flow on US.

Vascular anomalies are associated with a variety of
conditions including: Maffucci’s syndrome which
has venous malformations, lymphangiomas and
multiple exostosis and enchondromas (described
by MaFrrucct in 1881).

Klippel-Trénaunay syndrome which as well as
having a port-wine stain (or capillary malforma-
tion) has lymphatic abnormalities with lymphan-
giomas and lymphatic hypoplasia and varicosities
(described by KL1PPEL and TRENAUNAY in 1900).
Parkes-Weber syndrome has a capillary naevus
with arteriovenous fistulas and varicosities
(described by WEBER in 1918).

Proteus syndrome has a capillary naevus with
lipohaemangiomas, lipomas, epidermal naevi,
lymphangiomas, intraabdominal lipomatosis and
partial gigantism with hypertrophy of the hands
or feet and asymmetric macrocephaly [25].

Blue rubber bleb naevus syndrome has involve-
ment of the gastrointestinal tract and skin with
venous haemangiomas [26].
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Fig.5.14a,b A haemangioma in an 18-month-
old child which was not evident at birth but
is growing “rapidly”: (a) US appearance, (b)
US with colour Doppler showing a little flow.
The patient also had a visible purple skin
blemish

Superficial capillary malformations cannot
be seen on MRI and are just noted as an area of
increased subcutaneous fat. They are also associated
with Sturge-Weber syndrome [27] which has more
significant structural abnormalities of the brain.

Doppler signal on US will be dependent on the
flow of blood within a lesion. It will show an arterial
waveform if of high flow [28]. Sometimes if the blood
flow is low, then compression of the probe on the skin
or of the distal limb may be needed to confirm the
vascularity. Colour Doppler will show the presence of
large feeding vessels and at what depth the lesion lies.
Superficial vascular lesions will give a bluish hue to
the skin. There may be areas of calcification due to
phleboliths and these will be detected on US as highly
reflective areas with a little acoustic shadowing
behind. These are typically seen in haemangiomas.

In small children in whom these lesions are the
most common, US is also the easiest imaging to
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perform, with no need for sedation. If the child
cries during the examination this can be an added
bonus as the flow through a vascular lesion can be
enhanced!

5.5.2.1
Infection

In bone infection a periosteal reaction may be seen
in the early phases of osteomyelitis when little is
visible by other imaging. However, the opposite is
not true; early infection does not always produce a
demonstrable periosteal elevation. An abscess can
identified as a fluid collection. Although the lesion
may contain “solid” echoes, it is well circumscribed
and the contents can be seen to swirl especially if
the area is compressed. A sinus may be seen as a low
echo track between areas of abnormal tissue [29].
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Fig.5.15a,b An AVM (a) seen on MRI to be affecting the bone and (b) on US showing high-flow feeding vessels from the soft
tissue
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5.5.2.2
Muscle Hernias

Muscle hernias present with a lump which is
not always palpable. This often occurs when the
patient has an MRI examination as the patient is
placed in the supine position and the lump disap-
pears. They are much easier to identify with US as
the patient can be examined in the standing posi-
tion and they can show where the lesion is. The
author has even had patients whose lumps are only
visible on standing after a run just prior to the US
study (Fig. 5.16). There is great relief to both the
family and patient when a definite diagnosis can
be made, and for this problem only US will give
the answer [30]!
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Fig. 5.16a,b Muscle hernias: (a) normal
muscle on scanning the patient in the
supine position, (b) muscle hernia on
US scanning the patient in the stand-
ing position, (c) colour Doppler US
showing the fascial hernia to contain a
perforating vein
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5.5.2.3
Malignant Lesions

Malignant soft tissue tumours are rare in child-
hood. There are approximately 100 benign lesions
to 1 malignant lesion. The most common soft tissue
sarcoma is the rhabdomyosarcoma, and second is
the synovial sarcoma (Fig. 5.17) [31].
Rhabdomyosarcomas can arise in any almost
organ other than bone. They are derived from
primitive mesenchymal tissue which probably has
an association with skeletal muscle embryogenesis.
Synovial sarcoma, despite its name, is unrelated to
the synovium of joints and can be found anywhere in
the body, but most commonly in the lower extremi-
ties. These tumours are also derived from primi-

RIGHT

ANT SHIN_

SIEMENS



80

HDI]
S ROYAL ORTHOPAEDIC HOS L12-5 38 Mskel/GA sh

Map 3 &
170dB/C5

Persist Off

2D Opt:FSCT

Fr Rate:Surv

SonoCT™

-
ROYAL ORTHOPAEDIC HOS L12-5 38 Mskel/GA sh

Map 3

170dB/C 4
Persist Med

2D Opt:Gen
Col 76% Map &
WF Low
PRF700 Hz
Flow Opt: Res

tive mesenchymal tissue. The bone lesion that can
cause soft tissue swelling is the soft tissue extension
of a Ewing’s sarcoma. Liposarcomas and malignant
peripheral nerve sheath tumours are rare.

On US malignant lesions are of variable echo-
genicity, usually with bizarre vessels, but the evi-
dence of abnormal vascularity alone cannot deter-
mine whether a lesion is benign or malignant. They
are solid lesions and therefore have a mixed echo
pattern. They may contain calcification and then
they have “bright” echoes within them. They may
also have “cystic” areas which are due to necrosis.
US will show the margins and show neurovascular
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Fig.5.17a,b US with colour Doppler of
a synovial sarcoma recurrence at the

site of previous excision in an 18-year-
old, 5 years after the original resection

invasion [32] but will not be as useful as MR in pro-
viding local staging which is essential for surgical
planning. US is used in the assessment of the carti-
lage cap in osteochondromas especially in the rarer
childhood forms of Ollier’s disease and Maffucci’s
syndrome where there are multiple lesions. When
the cartilage cap is greater than 3 cm in a child then
there is an increased suspicion of malignant trans-
formation into a chondrosarcoma [33].

US can be used to biopsy such a lesion, but once the
staging has been completed. This is not only possible
in soft tissue lesions but in cases with bone tumours
that exhibit extraosseous extension [34, 35].
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Liposarcoma is a rare lesion in childhood. They are
surprisingly avascular onimaging. The history of rapid
growth and a deeper lesion should be more worrying
to the clinician [36]. If a “lipoma” is large, increases in
size, causes pain, invades muscle or is heterogeneous,
then malignancy should be suspected. Any large lesion
on US that does not fulfil all the criteria given in the
lipoma section above should be imaged with MR and a
biopsy guided by US should be undertaken.

Metastasis from endocrine neuroblastoma and
renal nephroblastoma (Wilms’ tumours) are most
common. They are usually in bone but they may
have soft tissues extension. Their appearance vary
and there may be no discriminating features. The
staging should be performed by MR and biopsy.
Image guidance may be by fluoroscopy or CT. When
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there is soft tissue extension or a cortical defect, US
guidance is particularly effective.

Nerve tumours include neurofibromas and
schwannomas. A neurofibroma is a lesion of low echo-
genicity. It may have a characteristic “ring” or target
signwithanareaofhigherechogenicitywithinthelower
echogenicity of the outer ring [37] due to the interface
of the hypoechoic tumour and the hyperechoic nerve
on the inside. The excellent resolution of US can define
the nerve from which these lesions arise. If the gain set-
tings are too low a neural tumour may look like a cyst
(with acoustic enhancement behind). The method of
setting the gain on an area of known fluid as described
above should always be used (Fig. 5.18). Children with
type 1 and less commonly type 2 neurofibromatosis
have multiple neurofibromas.
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Fig.5.18a,b A large neurofibroma in a
6-year-old boy with neurofibromatosis
type L. a Large lesion seen on US with
a separate ulnar nerve. b US of the
median nerve seen longitudinally with
the tumour running around it
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Schwannomas can be very large and then show
areas of “cystic” degeneration which are evident on
US. These are less common in children than adults
and again are associated with neurofibromatosis
[38].

The importance of US in the initial diagnosis of
soft tissue malignancy is to determine whether a
lesion is solid and then to define those solid lesions
where are clear diagnosis is possible using US alone.
US is useful to guide biopsy once staging with MR
has been performed. This chapter illustrates a vari-
ety of lesions that may be assessed and analysed by
imaging and where US has an important role. How-
ever, the list is not exhaustive and there are rare
diagnoses that may benefit from US assessment that
are not covered in this text. The same principles
apply and the above descriptions should assist the
examiner who is confronted by an unusual disease.
For details of such disorders the reader is referred
to texts on soft tissue tumours [39]. An algorithm
for the diagnostic imaging of a soft tissue lump in a
child is presented in Fig. 5.19.

5.6
Potential Developments

One group has reported the potential for looking at
colour Doppler in tumours to assess response to che-
motherapy. They showed a reduction in the colour
Doppler signal in those patients who showed a good
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response to chemotherapy, so perhaps this could be
used to assess chemotherapy preoperatively [40].
The follow-up of sarcomas and lymph node
involvement has always been difficult. The intro-
duction of positron emission tomography is causing
great excitement and may be useful in assessing the
extent of malignant lymph node involvement and
the response to chemotherapy in such patients [41].
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6.1
Introduction

Image-guided interventional techniques have the
great advantages of limiting the extent of tissue
damage, reducing the need for anaesthesia and
shortening the stay in hospital. Whilst most of the
procedureslisted are performedin adults using seda-
tion, it is common practice in children to perform a
light general anaesthetic or at least to administer a
heavy sedative. Sedation in children can be difficult
and hazardous, and we strongly recommend that the
procedure is performed under the supervision of a
specialized paediatric anaesthetist.

6.2
Biopsy

It is inevitable that soft tissue and bone biopsies
will be required in children. The common circum-

D. WiLson, FRCP, FRCR
Department of Radiology, Nuffield Orthopaedic Centre, NHS
Trust, Windmill Road, Headington, Oxford OX3 7LD, UK

stances are in suspected tumours of bone or soft
tissue and when the nature and type of infection is
in doubt. In general, there are no major differences
from biopsies performed for adults, but there will
be many more occasions where a general anaes-
thetic is necessary.

6.2.1
Soft Tissue Masses

A reasonable approach to soft tissue masses is to
determine their nature with ultrasound (US):
Fluid, solid or mixed
Vascular or not
Located in subcutaneous tissues or deeper.

MRI is then important for the lesions that are
solid or mixed when the diagnosis is therefore
in doubt. From the imaging the biopsy may be
planned. There should be formal consultation
with the surgeon who would remove the lesion if
it proves to be malignant and the pathologist who
will interpret the biopsy. Open biopsy will be pre-
ferred when there is risk of sampling errors and
where the lesion is small and an excision for symp-
tomatic reasons is inevitable.

For many lesions a percutaneous image-guided
biopsy will be appropriate. The procedure should
include consent, preparation, guidance and post-
procedure management.

CT or US may be used to place needles next to a
mass that is to be removed surgically. This is espe-
cially useful for a small lesion that might be difficult
to locate during the operation [1].

6.2.1.1
Consent

Parental consent is mandatory, but it is wise to include
the child in the process asking for example “is it alright
if I ask your parents permission to do this?”
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All concerned should be aware that the results of
biopsies often take several days to allow time for labo-
ratory analysis and discussion between specialists.

6.2.1.2
Preparation

Although most children will not be at risk from
coagulation defects, if there is doubt then coagula-
tion studies should be performed. The room should
be quiet and the minimum of staff present. It is wise
to allow a parent to accompany the child but the
parent should be prepared for the nature of the pro-
cedure by discussion separately from their child and
they should be seated. It is wise to ask one member
of the medical team to be aware that the parent may
need support and care.

If general anaesthesia is used then it is still wise
to use local anaesthetic to reduce discomfort after
the procedure.

6.2.1.3
Guidance

Image guidance will depend on the location of the
lesion. It should permit visualization of the area or
abnormality and any structure that should be avoided.
For example, if there is risk of puncturing bowel, CT is
the only safe way of guiding the needle. Most soft tissue
masses will be best biopsied using US guidance.

D. Wilson

6.2.1.3.1
cT

Has the advantage that the needle is clearly seen
and structures to be avoided are apparent [2, 3]. Its
disadvantages are that the needle must enter in the
plane of scanning and oblique approaches are dif-
ficult if not impossible. Also there is a lag between
moving the needle and obtaining the image which
may be a risk and will prolong the procedure. The
radiation dose will mount which may be a particular
problem in children.

6.2.1.3.2
us

US allows the direct visualization of the needle as it
moves [4-6]. If the needle is at 90° to the US beam it
is especially clear. Lesions in limbs are especially easy
to biopsy with US guidance as the needle may enter
on the side of the limb whilst the probe is held on the
top. This means that the probe and jelly do not need to
be sterile. When the needle must be placed alongside
the probe a sterile cover and sterile jelly are used. The
needle tip may be the only part seen as sound reflects
off the obliquely placed needle shaft away from the
imaging area. Moving the needle slightly will show
the tip of the needle as a bright oscillating object.
Care should be take to keep the US plane pointing
along the needle track or the tip may be lost. If sight
of the needle is lost it is best to ignore the screen for
a moment and reposition the probe by looking at the

Fig.6.1 US-guided needle placement
next to a tendon thereby avoiding
damage to the tendon itself. The needle
is introduced at close to 90° to the
ultrasound beam allowing visualiza-
tion of the shaft
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patient and the needle. Returning to look at the screen
the position will be recaptured (Fig. 6.1).

6.2.1.3.3
MRI

MR has the potential attractions of being free from
radiation and allowing the operator to stand next to
the patient although an open system is far preferred
for this purpose [7-11]. Needles can be seen on MR,
although their conspicuousness depends on the align-
ment with respect to the magnetic field. Interven-
tional MR systems will be available where the track of
the needle is predicted by a set of video cameras that
locate the needle in space by white makers placed on a
needle holding extension. Rapid re-imaging with say
1 second refreshing will then allow the needle to be
followed. The needle and all equipment will need to
be MRI-safe. These needles tend to be expensive.
With all imaging a side-cutting needle is most
effective for soft tissue biopsies (Fig. 6.2). It is wise to
practice with the needle beforehand. This also helps
to warn the patient about the click that spring-loaded
systems make. The open side of the needle should be
placedintheareaofinterestand the sheath withdrawn
from the area. This means holding the central part
still and pulling the outer part backwards. Reversing
this action would push the needle beyond the area
and should be avoided. Atleast two specimens should
be taken and preferably several. Specimens should be
sent for histological diagnosis and for microbiologi-
cal culture in all cases. (Look at the cell for infection
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and culture the tumour.) This practice will reduce the
risk of repeat biopsy; however sure you are on imag-
ing, mistakes of classification are common. Check
beforehand what type of specimen bottle is needed
and whether to use fixative; some laboratories prefer
unfixed specimens.

6.2.1.4
Post-procedure

Risks of biopsy include, puncture of vessels and
viscus, infection, allergy to the drugs and haemor-
rhage. The time of post-procedure observation will
depend on how likely these risks are and the nature
of sedation or anaesthesia. Clear written instruc-
tions should be given to the ward or day-case unit
staff and analgesia should be prescribed.

6.2.2
Bone Masses

The principles outlined above for soft tissue masses
all apply to bone lesions. The differences are small
but centre around the nature of guidance. US is less
appropriate and most will use either fluoroscopy or
CT. However, some authors have suggested that cor-
tical defect seen on US will allow effective guidance
with this technique [12, 13]. Again the technique
depends on seeing the lesion and important inter-
vening structures.

Fig.6.2 A variety of soft tissue biopsy needles. The side-cutting type is the easiest to use and the most effective
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6.2.2.1
Needles

There are several commercially available bone
biopsy needles. The two common types are the
tapered needle with a trocar and the cannula with
a central cutting needle.

The tapered needle traps the bone specimen which
must be expelled by pushing from the tip to the hub.
This means the needle must be removed and a second
specimen requires reinsertion and guidance. There is
also the risk of puncturing the operator’s hands with
the needle tip when expelling the specimen. Non
tapered needles have the risk that the specimen may
escape. This risk is reduced by wobbling the needle
before extraction and by applying gentle suction with
a syringe. Strong suction may pull the specimen into
the syringe damaging it en route.

The cannula type of needle allows the cutting
needle to be inserted through a cannula that has
been placed up to the bone surface or the edge
of the lesion. Repeat biopsy specimens are then
safe and easy. A modification of the cannula
allows a drill to be introduced to penetrate hard
bone cortex. The drill point is eccentric and this
causes the hole to be larger than the drill; the can-
nula then may be advanced into the drilled hole
(Fig. 6.3).

Both types of needle can have a smooth cutting
edge or a saw-toothed one. The latter is tougher
and enters hard lesions better but may fragment the
specimen.

6.3
Aspiration

Some joints may be aspirated by puncture guided by
palpation and surface landmarks. This is especially
true for the knee. However, using US improves the
success rate for even the more superficial joints [14,
15]. Deep and complex joints may be difficult to
reach and when effusions are small or complicated
by extensive synovial thickening there are great
advantages in image guidance.

Typical reasons for aspiration are:

o Suspected septic arthritis

o Painful haemarthrosis

o Synovitis

o Symptomatic effusion

o Therapeutic tests for the origin of pain

D. Wilson

Fig. 6.3 A Boneopty bone biopsy system with an eccentric drill
to make a hole larger than the cannula. The outer cannula
enters the bone and allows repeated biopsies

Therapeutic/diagnostic aspiration of collections of
fluid adjacent to bone has been advocated in children
in whom sickle cells infarction cannot be differentiated
from osteomyelitis. All but one of the collections result-
ing from infection were greater than 10 mm in depth
[16]. It has also been advocated for other more common
types of osteomyelitis aspiration/biopsy [17].

Guidance methods include US, fluoroscopy, CT
and MRI. The first two are so effective that the more
complex methods are virtually never required. The
guidance principles are identical to those for soft
tissue mass biopsy plus the following suggestions.

Aspiration of the hip is easiest when the child is
supine [18]. The site of the greatest capsular disten-
sion is marked on the skin vertically above the col-
lection. The US may then be put away as, a direct
vertical puncture with a standard venepuncture
needle pushed down to the bone is a very reliable
method [19].
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The majority of joints are of the ball and socket
configuration. One side is convex and the other
concave. This means that the needle needs to be
directed from the convex side into to the concavity.
Fluoroscopic projection of the joint space may be
misleading as there is often a lip of bone from the
concave side overlapping the joint. However, aiming
the needle to hit the bone that is convex and then
walking it towards the joint gives the desired oblig-
uity to enter. US guidance allows the joint to be seen
including any lip and makes this process easier.

To be certain that the joint has been entered when
there is no effusion it helps to introduce some non-
ionic radiographic contrast agent using fluoroscopy. US
is more difficult if local anaesthetic in a syringe con-
nected to the needle flows into the joint; there will then
be nolocal collection seen on US. The injectate will flow
easily. For retrospective confirmation of intra-articular
injection it is possible to add some radiographic con-
trast and then take a plain radiograph to follow.

6.4
Local Anaesthetic Blocks

Guidance for therapeutic or diagnostic blocks may
be by US, fluoroscopy, CT or MRI depending on
location, intervening structures and the operator’s
expertise. For example, fluoroscopy is most often
used for spinal root blocks and US is ideal for pain-
ful soft tissue lesions.

6.5
Osteoid Osteoma Ablation

Osteoid osteoma is a benign but very painful
tumour of bone that often affects children. It is
fairly uncommon but treatment is very effective.
Typically the pain is at night and responds dra-
matically to prostaglandin-blocking drugs such
as aspirin. Treatment used to be by surgical exci-
sion of the tiny nidus which is a few millimetres
in diameter. It is not necessary to excise the scle-
rotic reaction around the nidus. Recently it has
been realized that radiological techniques are just
as effective, and surgery is now rarely indicated
[20-25]. Methods include the excision of the nidus
by a fairly wide bone biopsy needle and thermal
ablation by a radiofrequency-heated needle tip and
laser ablation (Figs. 6.4, 6.5) [26].
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Fig.6.4 a T1-weighted spin-echo image of the tibia showing
an area of oedema and a nidus below the thickened cortex of
the tibia. b FSTIR image shows a halo of oedema around the
osteoid osteoma. ¢ Axial T1-weighted spin-echo image con-
firms the location of the nidus



Fig. 6.5 CT-guided placement of the bone biopsy needle prior
to radiofrequency ablation

Heatingtechniques maybeariskifthelesionisnear
to a nerve, which is often the case when the lamina of
a vertebral body is affected. This may be overcome
by using saline irrigation of the epidural space or by
relying on the simple biopsy method. Image guidance
is invariably by CT as the lesions are small and diffi-
cult or even impossible to see with other methods.
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spondylolysis 31

stress fracture 28,31
Sturge-Weber syndrome 78
SUFE 54,57

supracondylar fracture 24
synovial biopsy 48
syringomyelia 11,12

T

talipes equinovarus 9
tendino-osseous junction 43
tendon

- injury 26

- MR imaging 42

-typel 39

-type2 40
tenosynovitis 48,49
- infectious type 43
tethered cord 15
thermal ablation 89

torus fracture 20,21,24

transient synovitis 53

U

ultrasound (US)

- biopsy 86

- Graf technique 3,4
- greenstick fracture
—inirritable hip 54
- infection 60

- mass lesions 67

- Morin technique 4
- screening  3,5,6

- torus fracture 24

\Y%

vascular anomaly 76
verruca 75

vertebra

- butterfly 11-13

- fused (block) 11

— hemivertebra 11,12

w
wedged vertebra 11
Wilm’s tumour 81
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