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ologie, Herz- und Gefäss-Klinik GmbH, Salzburger Leite 1, 97616 Bad Neu-

stadt an der Saale, Germany

S. G. Davies Consultant Radiologist, Radiology Department, Royal Gla-

morgan Hospital, Rhondda Cynon Taf, Llantrisant CF72 8XR, UK, e-mail:

Stephen.Davies1@wales.nhs.uk

A. Mark Davies Department of Radiology, Royal Orthopaedic Hospital,

Birmingham B31 2AP, UK, e-mail: wendy.turner1@nhs.net

René de Gautard CIM SA Cabinet Imagerie Medicale, Route de Malagnou 40,

1208 Geneva, Switzerland

Milko C. de Jonge Department of Radiology, Academic Medical Center,

Amsterdam, The Netherlands; Department of Radiology, Zuwe Hofpoort

Ziekenhuis, Woerden, The Netherlands

A. M. De Schepper Department of Radiology, University Hospital Antwerp,

Wilrijkstraat, 10, 2650 Edegem, Belgium

Andrew Dunn Department of Radiology, Royal Liverpool University Hospi-

tals NHS trust, Prescot Street, Liverpool L7 8XP, UK

vii



Ignac Fogelman Consultant Physician in Nuclear Medicine, Department of

Nuclear Medicine, St Thomas’ Hospital Guy’s and St Thomas’ Hospital NHS

Foundation Trust, Lambeth Palace Road, London SE1 7EH, UK

J. L. Gielen Department of Radiology, University Hospital Antwerp, Wil-

rijkstraat, 10, 2650 Edegem, Belgium

Thierry Glauser CH8, Cabinet de Chirurgie de la Main, Rue Charles Humbert

8, Geneva, Switzerland

Gopinath Gnanasegaran Consultant Physician in Nuclear Medicine,

Department of Nuclear Medicine, St Thomas’ Hospital Guy’s and St Thomas’

Hospital NHS Foundation Trust, Lambeth Palace Road, London SE1 7EH,

UK, e-mail: gopinath.gnanasegaran@gstt.nhs.uk

Andrew J. Grainger Department of Musculoskeletal Radiology, Chapel Al-

lerton Orthopaedic Centre, Leeds LS7 4SA, UK, e-mail: Andrew.grainger@

leedsth.nhs.uk

Giuseppe Guglielmi Department of Radiology, University of Foggia, Viale L.

Pinto 1, 71100 Foggia, Italy; Department of Radiology, Hospital ‘‘Casa Solli-

evo della Sofferenza’’, Viale Cappuccini 1, 71013 San Giovanni Rotondo, Italy,

e-mail: g.guglielmi@unifg.it

Greg J. Irwin Consultant Paediatric Radiologist, Diagnostic Imaging, Royal

Hospital for Sick Children, Dalnair Street, Glasgow G3 8SJ, Scotland, UK, e-

mail: Greg.irwin@ggc.scot.nhs.uk

Steven L. James Department of Radiology, Royal Orthopaedic Hospital,

Birmingham B31 2AP, UK

R. Jonges Department of Biomedical Engineering and Physics, Academic

Medical Center, Amsterdam, The Netherlands

James J. R. Kirkpatrick Consultant Plastic and Hand Surgeon, Canniesburn

Plastic Surgery Unit, Glasgow Royal Infirmary and Royal Hospital for Sick

Children, Dalnair Street, Glasgow G3 8SJ, UK

Anand Kirwadi Department of Radiology, Northern General Hospital, Shef-

field Teaching Hospitals NHS Foundation Trust, Herries Road, Sheffield S5

7AU, UK, e-mail: anandkirwadi@doctors.org.uk

Nikhil A. Kotnis 77 Elm Street, Toronto, ONM5G 1H4, Canada; Department

of Radiology, Royal Orthopaedic Hospital, Birmingham B31 2AP, UK, e-mail:

nkotnis@hotmail.com

M. Maas Radiology Room C1-120, Meibergdreef 9, 1105A2 Amsterdam, The

Netherlands ; Department of Radiology, Academic Medical Center, Amster-

dam, The Netherlands, e-mail: m.maas@amc.uva.nl

Stefan Mariacher Chefarzt und stv. Vorsitzender der Klinikleitung, aarReha

Schinznach Badstrasse 55P, 5116 Schinznach-Bad, Switzerland

Lucio Molini Struttura Complessa di Radiodiagnostica, Ospedale Galliera, Via

Volta, 16128 Genoa, Italy

viii Contributors



Nicola J. R. Mulholland Department of Nuclear Medicine and Radiology,

Kings College Hospital, London, UK

Silvana Muscarella Department of Radiology, University of Foggia, Viale L.

Pinto 1, 71100 Foggia, Italy; Department of Radiology, Hospital ‘‘Casa Solli-

evo della Sofferenza’’, Viale Cappuccini 1, 71013 San Giovanni Rotondo, Italy

Tishi Ninan Imaging Directorate, Department of Radiology, Plymouth Hos-

pitals NHS Trust, Derriford Road, Crownhill, Devon, PL, PL6 8DH, UK

Lil-Sofie Ording Müller Section for Paediatric Radiology, Oslo University

Hospital, HF, Ullevål, Oslo, Norway
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Abstract

The main emphasis of this chapter is a descrip-
tion of basic radiography of the wrist and hand
with detailed description of radiographic tech-
nique and evaluation of the different projections.
Static and dynamic carpal instability evaluation is
vital for the assessment of ligamentous disruption.
These techniques are covered in this chapter. There
are a whole variety of measurement techniques
which can be used in the assessment of wrist
pathology. Following distal radial fracture, radial
inclination, radial length and palmar tilt are
important. Ulna variance is also assessed following
distal radial fracture and in the context of ulnar-
sided wrist pain. The scapholunate angle and
capitate lunate angle are assessed when intercalated
instability is suspected. Finally, the carpal height is
a measurement which is applied when there is
evidence of carpal collapse or loss of joint space.
Arthrography still has a place in the modern
assessment of the wrist. Radiocarpal and to a lesser
extent midcarpal injection techniques may be
employed.

1 Introduction

Plain film radiography has a fundamental role in the
evaluation of the hand and wrist following trauma, in
cases of suspected arthropathy, as part of an evalua-
tion for certain systemic disorders with hand mani-
festations and in other miscellaneous situations such
as tumour masses and pain.

S. G. Davies (&)
Consultant Radiologist, Radiology Department,
Royal Glamorgan Hospital, Rhondda Cynon Taf,
Llantrisant, CF72 8XR, UK
e-mail: Stephen.Davies1@wales.nhs.uk

A. M. Davis et al. (eds.), Imaging of the Hand and Wrist, Medical Radiology. Diagnostic Imaging,
DOI: 10.1007/174_2010_136, � Springer-Verlag Berlin Heidelberg 2013
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2 Radiographic Projections

2.1 Radiographic Projections
of the Wrist

The standard wrist projections are postero-anterior
(PA) and lateral (Whitley 2005). Occasionally an
oblique projection is added.

2.1.1 PA and Lateral Projections of the
Wrist

Technique

The PA projection is performed with the patient
seated. The shoulder is 90� abducted and the elbow is
90� flexed. The forearm is held in a neutral position
with the hand flat on the table top. The tabletop
should be at the same height as the forearm. The
centering point is midway between the radial and
ulnar styloid. The field of projection should include
the distal half of the radius and ulna extending dis-
tantly to include the proximal two-thirds of the
metacarpals (Fig. 1).

There are two different methods for obtaining the
lateral projection of the wrist. The simplest method is
to rotate the hand 90� maintaining the elbow in a
flexed position. With this method, the ulna stays in a
fixed position and the radius rotates through 90� along
with the carpus. The second method involves rotation
of both ulna and radius through 90�. This is achieved
by extending the elbow and rotating the humerus

through 90�. This latter method has the benefit of
enabling a second projection at 90� to the first of the
ulna. The centering point for both methods is the
radial styloid (Fig. 2).

Evaluation

The PA projection of the wrist is useful in the eval-
uation of injuries to the distal radius and ulna, carpus
and proximal metacarpals. It is also helpful in the
evaluation of pathology such as erosions to the distal
radius and ulna and carpus. The PA wrist should
profile the extensor carpi ulnaris tendon groove which
should be at the level of, or radial to the base of the
ulnar styloid (Fig. 1) (Goldfarb and Yin 2001).

The positioning of the lateral projection of the
wrist is evaluated with reference to the palmar cortex
of the pisiform (Yang and Mann 1997). A well-
positioned and centered lateral projection results in
the palmar cortex of the pisiform lying between the
palmar cortices of the distal scaphoid and capitate
(Fig. 2).

The PA view of the wrist displays the carpal anatomy
(Fig. 3). The carpal bones are arranged in proximal and
distal rows. The proximal row comprises the scaphoid,
lunate and triquetral, whilst the distal row is made up of
the trapezium, trapezoid, capitate and hamate. The
normal anatomic relationships of the wrist should
demonstrate parallel opposing articular surfaces with
symmetrical width of all intercarpal joints (Resnik
2000). The articular surfaces of the carpal bones should
be normally aligned in three arcs (Fig. 4) (Gilula 1979).
Arc I describes the outer proximal convexities of

Fig. 1 a Patient positioning
for posteroanterior (PA) wrist
radiograph. b PA radiograph
of wrist
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scaphoid, lunate and triquetrum. Arc II describes the
distal concavities of the scaphoid lunate and trique-
trum. Arc III describes the proximal convexities of the
capitate and lunate. For optimal demonstration, the
wrist must be imaged PA in the neutral position. Two
normal anatomical variants of the arcs are recognized
(Loredo and Sorge 2005). The first variant is that the
triquetrum may be shorter in its proximal–distal
dimension than the adjacent lunate. This gives rise to
discontinuity of arc I. The second variant is that the

proximal hamate may be unusually prominent and
rounded thereby creating discontinuity of arc III.
Evaluation of the integrity of the arcs is important when
assessing for fractures, dislocations and instability.

An important feature of the lateral wrist is the
alignment of the radius, lunate and capitate (Fig. 5).
These structures should be within 10� of coaxial
alignment (Gilula 1979). It is noted that they are truly
co-axial in only 11% of cases.

Fig. 3 Carpal anatomy
Fig. 4 Carpal arcs

Fig. 2 a Patient positioning
for lateral wrist radiograph.
b Lateral radiograph of wrist

Radiography and Arthrography 3



2.2 Radiographic Projections
of the Scaphoid Carpus

There are four standard projections for radiography of
the scaphoid. They are the AP with ulnar deviation
(plus or minus tube angulation), anterior oblique
(pronated oblique), posterior oblique (supinated
oblique) and lateral. This series is designed to provide
tangential projections of the carpal bones with par-
ticular emphasis on evaluation of the scaphoid. The
prime indication for these projections is the presence
of trauma to the carpus particularly if there is asso-
ciated tenderness in the region of the scaphoid.

2.2.1 AP with Ulnar Deviation

Technique

The patient sits to the side of the table with a flexed
elbow and pronated forearm. The elbow and wrist are at
the level of the tabletop. The hand is deviated in the
ulnar direction (Fig. 6). The purpose of the deviation is
to reduce the foreshortening of the scaphoid seen on the
standard PA projection. When the wrist is in the normal
neutral position the scaphoid is tilted (Gilula 1979).
Additionally, the X-ray tube may be angled towards the
elbow by 20� (Fig. 7) which further compensates for
the normal scaphoid tilt.

The centering point is midway between the ulna
and radial styloid processes. The film should include
the distal radius and ulna and proximal metacarpals.

Evaluation

The PA projection should produce a good projection of
the length of the scaphoid aiming at visualisation of
clear joint space around the whole of the scaphoid
(Fig. 6). Occasionally, there is some distal overlap. The
radial styloid and ulnar styloid should be clearly seen.

2.2.2 Anterior Oblique (Pronated Oblique)

Technique

The wrist is externally rotated from the PA neutral
position by 45� (Fig. 8). The radial styloid is, therefore,
elevated from the tabletop. The centering point is
midway between the ulnar and radial styloid. The fin-
gers may be slightly flexed with the thumb held in front.

Evaluation

This projection (Fig. 8) gives a good demonstration of
the distal scaphoid and trapezium. It is also a useful
projection for evaluating the trapezoid and bases of
the first and second metacarpals. The radial styloid
and dorsal surface of the triquetrum is visible. Con-
sideration may be given to applying a degree of ulnar
deviation to this projection for better visualisation of
the scaphoid.

2.2.3 Posterior Oblique (Supinated Oblique)

Technique

From the anterior oblique the wrist is externally
rotated a further 90� (Fig. 9). The fingers are held
together. The centering point is the ulnar styloid.

Evaluation

This projection demonstrates the pisiform and the
piso-triquetral joint (Fig. 9). It is also useful for
evaluating the hook of the hamate and bases of the
fourth and fifth metacarpals. The long axis of the
scaphoid lies perpendicular to the cassette.

2.2.4 Lateral

Technique

The technique is as described for the standard lateral
view of the wrist (Sect. 2.1). However, a narrower
field of view is generally used including only the

Fig. 5 Lateral wrist
demonstrating axis for lateral
alignment (not co-axial in this
case)
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distal aspect of the radius and ulna and proximal
metacarpal bases (Fig. 10).

Evaluation

The lateral projection is particularly valuable in
assessing the dorsal surface of distal radius for frac-
ture. This projection enables an evaluation of the
alignment of the distal radius, lunate and capitate
(Fig. 10). This projection is useful when assessing for
dislocation and carpal instability.

2.3 Radiographic Projections
of the Hand

There are two standard projections for the hand which
are the PA and anterior oblique projections. Supple-
mentary projections include the lateral projection and
the posterior oblique projection.

2.3.1 PA Hand

Technique

The forearm is pronated and the hand rests on the
cassette (Fig. 11). The ulnar styloid and radial styloid
should lie equidistant from the tabletop. The centering
point is the third metacarpal head. This projection
should include the whole of the fingers (phalanges),
metacarpals, carpus together with distal ends of the
radius and ulna.

Fig. 7 AP radiograph with ulna deviation and 20� of tube
angulation

Fig. 6 a Patient positioning
for AP carpus with ulna
deviation. b AP radiograph
with ulna deviation of carpus

Radiography and Arthrography 5



Evaluation

The PA hand projection should demonstrate all of the
joints of the hand, carpus and wrist (Fig. 11). The
joint spaces should be symmetrical and parallel. This
projection is used in the evaluation of trauma,
arthropathy and a range of miscellaneous conditions.
The carpo-metacarpal joint may be evaluated with a
line drawn between the distal articular surfaces of the
trapezoid, capitate and hamate and the parallel artic-
ular surfaces of the second-fifth metacarpals (Fig. 12)

(Fisher and Rogers 1983). Discontinuity of this line
should raise a suspicion of fracture and or dislocation.

2.3.2 PA Anterior Oblique Hand

Technique

The hand is externally rotated by 45� from the PA
projection (Fig. 13). The fingers should be extended
and separated. The film is centered over the third
metacarpal head.

Fig. 9 a Patient positioning
for posterior oblique of
carpus. b Posterior oblique
radiograph of carpus

Fig. 8 a Patient positioning
for anterior oblique of the
carpus. b Anterior oblique
radiograph of the carpus
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Evaluation

This projection is very useful for evaluating the shafts
and necks of the metacarpals (Fig. 13). The phalanges
are seen in an oblique plane. The first and second
metacarpals are usually separated whilst there is an
overlap of the fourth and fifth metacarpals.

2.3.3 Lateral Hand

Technique

The hand is placed in the lateral position on the
cassette with the medial border of the wrist and hand
resting on the cassette. The fingers are extended. The
thumb is also extended and placed clear of the rest of
the hand (Fig. 14). The centering point is the head of
the second metacarpal.

Evaluation

This projection (Fig. 14) is useful for evaluating the
carpal metacarpal region for dislocation. It is helpful
in evaluating the fifth metacarpal shaft fractures.
This projection is also used for foreign body
assessment.

2.3.4 Posterior Oblique of Both Hands

Technique

Both hands are placed on the cassette. They should lie
symmetrically. Both forearms are supinated with 45�
of rotation. The radial styloid is elevated from the
cassette on both sides. The centering point is midway
between the hands at the level of the fifth metacarpal
head.

Evaluation

The metacarpal heads should all be clearly seen and
separated (Fig. 15). The purpose of this projection
is to evaluate the metacarpal heads for bone ero-
sion. This projection has also been termed the
Norgaard view or ‘ball catcher’s’ view. The obliq-
uity of the projection enables a different part of the
metacarpal head to be shown in profile. It is con-
sidered that this improves the visualisation of bone
erosions from rheumatoid disease as more of the
beam is tangential to the bare area of the meta-
carpal head, the area susceptible to erosions. This is
when compared with the conventional PA projec-
tion. However, two studies have demonstrated that
there is limited additional information with this
projection (De Smet and Martin 1981; Edwards and
Edwards 1983).

2.4 Radiographic Projections
of the Phalanges

The standard projections are PA and lateral. Sup-
plementary oblique views either of individual
phalanges or as part of a PA oblique hand
examination may also be undertaken. The oblique
projection does not substitute for the lateral view
which is an essential projection when evaluating
trauma.

Fig. 10 Lateral radiograph of carpus

Radiography and Arthrography 7



2.4.1 PA Phalanges

Technique

The phalanges may be X-rayed individually or in
pairs. For example, the second and third phalanges are
imaged together or the fourth and fifth are imaged
together. The fingers are placed on the cassette with a
hand in the neutral PA position (Fig. 16). The cen-
tering is over the PIP joint of the relevant finger. The
X-ray should include the distal third of the metacarpal
as far as the soft tissue of the fingertip.

Evaluation

The joint spaces should be uniform and parallel (Fig. 16).

2.4.2 Lateral Phalanges

Technique

The phalanges may be X-rayed individually or in
pairs. Typically, the second and third are imaged
together or the fourth and fifth phalanges. The pha-
langes are extended and separated so that both are
visible on the film. The centering point is the proximal
interphalangeal joint of the affected finger (Fig. 17).

Evaluation

The lateral view is especially important in the eval-
uation of volar plate injuries and extends or extensor
avulsion injuries. The phalanx must be X-rayed in the
true lateral position (Fig. 17).

2.5 Radiographic Evaluation
of the Thumb

The conventional projections of the thumb are AP and
lateral. They are performed separately from the
examination of the hand. The PA projection may be
substituted for the AP projection when there is pain or
difficulty in achieving the appropriate position.

2.5.1 AP Thumb

Technique

The forearm is over-pronated such that the thumb lies
on the cassette (Fig. 18). The centering point is the
base of the first metacarpal.

Fig. 11 a Patient positioning
for PA hand. b Radiograph of
PA hand

Fig. 12 PA hand radiograph showing level for assessment of
parallelism across carpo–metacarpal joint (white arrow)
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Evaluation

The base of the first metacarpal and the base of the
proximal phalanx of the thumb are well demonstrated
and can be assessed for fracture (Fig. 18).

2.5.2 Lateral Thumb

Technique

The thumb is rested on the cassette in the lateral
position. The palm of the hand is slightly rotated to
bring thumb into it through lateral profile. The cen-
tering point is the metacarpo–phalangeal joint
(Fig. 19).

Evaluation

This projection is important for evaluation of the base
of the first metacarpal for fracture (Fig. 19).

2.5.3 PA Thumb

Technique

The medial border of the hand is rested on the cas-
sette. The hand is rotated forwards with the thumb
extended until a PA view of the thumb is obtained
(Fig. 20). It is important that the thumb is extended,
otherwise there is overlap at the metacarpal phalan-
geal joint. This projection is used when it is not

Fig. 13 a Patient positioning
for PA anterior oblique of
hand. b Radiograph of PA
anterior oblique of hand

Fig. 14 a Patient positioning for lateral radiograph of hand. b Lateral radiograph of hand. c Soft tissue lateral radiograph of hand
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Fig. 16 a Patient positioning for PA second and third fingers. b Patient positioning for PA fourth and fifth fingers. c Radiograph
of PA fingers

Fig. 15 Posterior-oblique (ball-catcher’s) radiograph of the hands
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possible for the patient to achieve the over-pronation
of the forearm required for the AP projection.

Evaluation

Care must be taken to obtain a good PA view and to
assess for parallelism at the metacarpal–phalangeal joint.

3 Radiographic Technique

Film screen technique has been the standard method-
ology used for plain film radiographic examination for
many years. With the advent of digital radiography

and the growth in picture archiving and storage sys-
tems, new techniques have been introduced which are
replacing standard film screen radiography. Computed
radiography (CR) was the first technique, introduced
in the 1980s. Direct digital radiography is a more
recent technique introduced in the 1990s.

Imaging may be thought of in four separate steps:
generation, processing, archiving and presentation.
Image generation commences when X-rays having
passed through the object under examination reach the
detector. In the case offilm screen radiography, this will
be the film. The interaction of X-ray photons with the
film results in a latent image which is then processed to

Fig. 18 a Patient positioning
for AP thumb. b AP
radiograph of thumb

Fig. 17 a Patient positioning for lateral of second and third fingers. b Patient positioning for lateral of fourth and fifth fingers.
c Lateral radiograph of fingers
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produce the real image which is ‘stored’ on the film. In
the case of film-screen radiography, all the four steps
are performed on the film. In the case of digital imag-
ing, these steps are separated. CR differs from direct
radiography (DR) in the content of these steps. Modern

digital imaging produces images of the same quality as
conventional film-screen radiography.

3.1 Computed Radiography (CR)

CR uses a cassette-based detector plate comprising
photostimulable phosphor. Photons interacting with
the phosphor elevate the energy levels of electrons
within the phosphor crystals, and this comprises the
latent image. The cassette is then taken to a processor.
The processor (image plate reader) scans the plate
with a helium–neon laser, releasing the energy from
the excited electrons. Light is emitted which is con-
verted by photomultiplier tubes into an analog signal
which may then be digitised. Specific processing
algorithms are then applied to this information
resulting in the image for transfer and display. Images
are displayed on computers or may be printed out on
laser film. The plate is then exposed to intense light to
completely erase the latent image and enable a further
exposure with the same plate.

The processing algorithms which are used are
specific to the body part and the suspected pathology.
A key strength of digital imaging is its latitude and
ability to display both bone and soft tissue detail with
great clarity. It is necessary to optimise the image
processing to the body part. Therefore, for example,

Fig. 20 Patient positioning for PA thumb

Fig. 19 a Patient positioning
for lateral thumb. b Lateral
radiograph of thumb
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the processing algorithm for a hip X-ray will be dif-
ferent to the knee and different again to the hand. Also
a soft tissue foreign body film will be processed dif-
ferently to a skeletal film for a fracture. The raw data
may be reprocessed as required. A limitation of CR is
that the resolution is of the order of 2.5–5 lines per
mm. This contrasts with film screen radiography of
2.5–15 lines per mm. However, 2.5 lines per mm is
acceptable for standard skeletal radiography.

Whereas overexposure with film screen radio-
graphy produces a black film, the processing of an
overexposed CR phosphor plate can result in an
image which has a normal appearance. The risk of the
overexposure is that the radiographer is less able to
make a judgment regarding standard exposures. It is
easy for there to be an upward creep in exposure
factors over a period of time. Thus, careful quality
control mechanisms are required. A useful but
imperfect guide is the ‘exposure index’. Under-
exposure results in increasing graininess of the image.

For certain applications, high-resolution CR plates
have been produced. In general, they would be limited
to paediatric applications but may also be used for
detailed extremity skeletal work.

3.2 Direct Radiography (DR)

DR produces high-quality digital images. DR has a
major impact upon workflow in the radiology depart-
ment as the image is produced very quickly after expo-
sure. An image is produced 10–40 s after exposure. This
enables a rapid decision with regard to the adequacy of
the image (exposure, positioning and collimation). With
DR the generation and processing occur in the same
device which may be placed in, or replace the standard
Bucky tray. DR is based upon solid-state, flat panel,
digital radiography detectors. These detectors use a very
thin layer of amorphous silicon.

The typical DR detector used in skeletal work uses
indirect conversion. The detector comprises a com-
bination of a layer of X-ray fluorescent material and
the amorphous silicon active matrix read-out array.
X-ray photon energy interacts with thallium-activated
caesium iodide releasing light photons which are
detected in a 2D array of amorphous silicon diodes.
An electronic signal is produced which is then digi-
tised. The caesium thallium is applied onto the
hydrogenated amorphous silicon. Each pixel in the

active matrix array comprises a light-sensitive ele-
ment (photodiode) together with an associated
switching component. The switching component is
either in the form of a thin film diode switch or a thin
film transistor switch. The charge pattern resulting
from the exposure is read out amplified and digitised.

With both CR and DR, an anti-scatter grid is
required. The dynamic range of DR is approaching
10,000:1. As a result of this, DR detectors have wide
dose latitude. As with CR, this enables good quality
images of both bone and soft tissue. DR also suffers
from the potential weakness of incremental exposure
drift or ‘creep’ as described above.

Active development of both DR and CR detectors
continues with the aim of further refinements to pro-
duce improved quality images. In the case of DR,
alternative manufacturing methods for large amor-
phous silicon active matrix arrays are a subject of
research. Improvement in X-ray absorption materials
for both CR and DR is an important area of
development.

Digital imaging has provided the opportunity for
immense workflow improvement and image storage
with picture archiving and communications systems
(PACS). In many centres, PACS has replaced con-
ventional film imaging. The advantages are numerous.
Importantly they include the ability to view images at
multiple locations simultaneously; storage and retrie-
val efficiency; and image manipulation and interro-
gation. Advanced digital imaging techniques take
advantage of the improved processing power leading
to the development of tomosynthesis, dual energies
subtraction and temporal subtraction imaging.

4 Additional Projections
and Fluoroscopy

The radiographic evaluation of carpal instability
includes a static series and dynamic fluoroscopy. The
objective of these examinations is to demonstrate
malalignment of the carpal bones either in a static
position or alternatively as part of a dynamic exami-
nation. The dynamic examination also provides the
opportunity to assess for dysynchronous movement
between the carpal bones. Malalignment or dysyn-
chronous movement is likely to be a consequence of
ligament disruption. Of particular importance in this
regard are the scapholunate and lunotriquetral
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ligaments. Both have strong anterior and posterior
components with a thin ‘membranous’ central portion.

4.1 Carpal Instability Series—Static
Evaluation

4.1.1 Technique
The standard series would include the following
projections (Gilula et al. 1984). Initially, the wrist is
placed in the neutral PA position. From this, the wrist
is deviated in the ulnar and then radial directions
(Fig. 21). Images are taken in all three positions.
Following this, this series is repeated with the fist
clenched. In some cases, the technique may be con-
ducted with the fist clenched around a pencil or a
tennis ball (Schmitt and Froehner 2006). Then three

further views are performed with the wrist in the
lateral position: neutral, full extension and full flexion
(Fig. 22). An additional view which is performed for
evaluation of the piso-triquetral joint is the 30�
supinated view of the wrist.

4.1.2 Evaluation
The integrity of the carpal arcs is assessed. Congru-
ency of the intercarpal joints and the width of these
joints is also assessed. Of particular importance with
regard to the proximal carpal row is the relationship
of the lunate relative to the radius (Schernberg 1990).
The proximal surface of the lunate should not move
more than half of its width on the distal surface of the
radius (Fig. 21).

4.2 Dynamic Evaluation—Fluoroscopy

4.2.1 Technique
A dynamic study (Gilula et al. 1984; Braunstein and
Louis 1985) provides a further opportunity to assess
for carpal instability in the situation where the static
views are negative. Essentially, the static series are
repeated with movement. Therefore, from the PA
neutral position the wrist is deviated in the ulnar
direction and then back through the neutral position to
the radial position. This movement is repeated. From
the lateral position the wrist is fully flexed and then
fully extended. This is also repeated as required.
A further, non-standard part of the study follows
enquiry of the patient with regard to the movement
causing symptoms. The patient undertakes this
movement which is recorded with fluoroscopy. This
study may be recorded and therefore replayed at
normal and reduced speeds.

4.2.2 Evaluation
The alignment of the carpal bones in all the positions
is evaluated. In addition, careful viewing of the rel-
ative movements within each carpal row and then
between carpal rows is important. For the proximal
carpal joint, the movement of the lunate relative to the
distal radius is important. For the metacarpal joint, the
movement of the hamate relative to the lunate is
important.

Fig. 21 Fluoroscopy images of PA wrist a ulna deviation and
b radial deviation
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5 Measurements

There are a number of measurements which are
useful in the assessment of the wrist which can be
performed on plain radiographs (Mann and Wilson
1992; Goldfarb and Yin 2001; Rosner and Zlatkin
2004; Loredo and Sorge 2005). Ulna variance is
useful in a range of conditions including assessment

following fracture and ulna-sided wrist pain. Distal
radial measurements include radial inclination, radial
length, and palmar tilt. These are all useful in the
assessment of distal radial fractures. The scapholunate
and capitate–lunate angles are calculated when carpal
instability is suspected. Finally, carpal height is
measured when collapse of the carpus is suspected,
for example, as a consequence of carpal instability or
previous fracture.

5.1 Ulna Variance

Ulna variance is the difference in length between the
distal radius and the distal ulna. This measurement is
relevant in a number of carpal disorders including
fracture assessment and abnormalities of the proximal
carpal row such as chondromalacia of the lunate. The
wrist is assessed in a neutral PA position. A technique
for the assessment of ulna variance involves first,
identifying the long axis of the radius at 2.0 and 5.0 cm
from the distal radial cortex. A perpendicular running
tangential to the most ulna portion of the distal radial
articular cortex is then drawn to this line. Second, the
line is drawn tangential to the distal ulna and parallel to
the line described above (Mann and Wilson 1992;
Loredo and Sorge 2005) (Fig. 23). In negative ulna vari-
ance (ulna minus), the ulna is shorter than the radius. In
positive ulna variance (ulna plus), the ulna is longer than
the radius. Normally, the radius and ulna are of the same
length or there is mild negative ulna variance.

Fig. 22 Fluoroscopy images
of lateral wrist in a flexion
and b extension

Fig. 23 Measurement of ulna variance. Solid line is ulna
neutral (normal). ? is positive ulna variance and – represents
negative ulna variance
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5.2 Radial Inclination

Radial inclination describes the slope of the radius
between the tip of the radial styloid and the ulnar

border of the radius in the frontal or PA plane.
Its assessment is important following distal radial
fractures (Mann and Wilson 1992; Loredo and Sorge
2005). The technique for obtaining the measurement
is first to identify the long axis of the radius as
described above (Sect. 5.1). Second, a line is drawn
from the tip of the radial styloid to the ulnar border of
the distal radius. The third line is drawn through the
intersection of these lines, perpendicular to the long
axis of the radius (Goldfarb and Yin 2001). The radial
inclination is the angle between the perpendicular and
the line running tangential to the radial styloid and
ulnar border of radius (Fig. 24). The normal inclina-
tion is 23� (21–25�) (Goldfarb and Yin 2001).

5.3 Radial Length (Radial Height)

Radial length (radial height) is a method for assessing
shortening of the radius, for example, following a
fracture. The measurement involves identification of the

Fig. 24 Measurement of radial inclination. Normal inclination
is 21–25�

Fig. 25 Measurement of radial length. Normal measurement
is 10–13 mm

Fig. 26 Measurement of palmar tilt (volar inclination). Normal
value 0–22�
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long axis of the radius. Two lines perpendicular to this
are then constructed. Firstly, tangential to the tip of the
radial styloid and secondly tangential to the ulnar border
of the distal radius (Fig. 25). The distance between
these two lines is the radial length (Goldfarb and Yin
2001). A normal value of 10–13 mm is expected.

5.4 Palmar Tilt (Volar Tilt or Volar
Inclination)

This measurement assesses the tilt of the distal radius
at the radiocarpal joint. The central axis of the radius
is identified in the lateral plane using points at 2 and
5 cm from the midpoint of the distal articular surface.
A perpendicular is drawn to this line at the articular
surface. A third line is drawn from the dorsal lip of
the distal radius to the volar lip of the distal radius.
The palmar tilt is the angle between the third line and
the perpendicular (Fig. 26). It is normally between
0–22� (Mann and Wilson 1992; Goldfarb and Yin
2001). This is an important measurement in the
assessment of distal radial fractures.

5.5 Scapholunate Angle

This angle is calculated when carpal instability is sus-
pected (Goldfarb and Yin 2001). It is particularly
pertinent in the assessment of dorsal intercalated insta-
bility (DISI). The angle is measured from the lateral
view of the wrist. The angle is calculated by drawing
two lines (Timins and Jahnke 1995). A line is drawn
through the proximal and distal volar convexities of the
scaphoid. This defines the scaphoid axis. The lunate
axis is perpendicular to a line drawn between the distal
poles of the lunate. The normal scapholunate angle lies
between 30–60� (Fig. 27).

5.6 Capitate–Lunate Angle

This angle is calculated when the volar instability
pattern (VISI) of carpal instability is suspected. The
angle is measured from the lateral view of the wrist.
The long axis of the lunate is drawn as described
above (Sect. 5.5). The long axis of the capitate is
drawn from the centre of its distal articular surface to
the centre of the proximal articular surface
(Timins and Jahnke 1995). The normal capitate–
lunate angle lies between 0 and 30� (Fig. 28).

5.7 Carpal height

Carpal height provides quantification of the degree of
carpal collapse e.g. in scapholunate advanced collapse

Fig. 27 Scapholunate angle. White lines represent long axis of
scaphoid and lunate. Normal range is 30–60�

Fig. 28 Capitolunate angle. White lines represent long axis of
lunate and capitate. Normal range is 0–30�

Radiography and Arthrography 17



(SLAC). Two methods have been described. The first
method describes a ratio between the distance from
the base of the third metacarpal to the proximal
articular surface of the radius and the length of the
third metacarpal. The line drawn extends from the
long axis of the third metacarpal (Fig. 29a). With this
method, the normal carpal height ratio is 0.54
(Mann and Wilson 1992).

The second method divides the carpal height (dis-
tance from base of the third metacarpal to proximal
articular surface of radius) by the capitate length. The
capitate length is calculated from the distal angular
articular surface of the capitate (between the bases of
the second and third metacarpals) and the centre of the
proximal articular surface of the capitate (Fig. 29).
The normal figure is 1.57 (Mann and Wilson 1992).

A carpal height index is obtained by dividing the
carpal height of the diseased wrist with the

normal wrist (Loredo and Sorge 2005). This index
may be followed with time as a marker of disease
progression.

6 Arthrography

Arthrography of the wrist is performed in the assess-
ment of interosseous wrist ligaments and the triangular
fibrocartilage complex. Specifically, it is performed
for assessment of the scapholunate and luno-triquetral
ligaments in addition to the triangular fibrocartilage
complex. With the advent of cross-sectional imaging
techniques, it is most frequently undertaken now as
part of an MRI or CT arthrographic study. The basic
technique is that of a proximal row or radiocarpal
injection. A more complex study will involve injection
of two or three wrist compartments.

Fig. 29 Measurement of carpal height a method 1 and b method 2
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Unicompartmental injection to the radiocarpal
(Fransson 1993) may be undertaken by injection at two
different points. The first is a dorsal approach to the
junction between the scaphoid and lunate just proximal
to the scapholunate ligament. The second is between
the scaphoid and distal radius. The wrist is gently
flexed and a 22G needle introduced under fluoroscopic
guidance. Care must be taken not to damage the
scapholunate ligament. Note should be taken of
the normal radial inclination and allowance made for
the dorsal lip of the radius when introducing the needle.

Contrast is injected into the radiocarpal space. The
usual filling volume is between 2 and 4 ml. The end
of the injection is signified by gentle resistance to
further filling and distribution of contrast across the
radiocarpal joint. Generally, contrast of 240 IU/l is
sufficient for good radiographic imaging. The mixture
injected will alter for CT arthrography and MRI
arthrography as is described in subsequent chapters.

Contrast should be injected slowly, carefully
observing the filling of the radiocarpal space and
looking for contrast tracking into the scapholunate

space, lunate triquetral space, or distal radio–ulnar
joint. Spot films are taken during injection (Fig. 30).
At the end of the injection when there is good filling
of the radiocarpal space, a further series of films is
taken following gentle exercise of the wrist. A typical
series of films would include PA in the neutral, ulnar
deviation, and radial deviation positions followed by a
lateral view. It is commonplace to have performed a
static and dynamic instability series (as outlined ear-
lier in the chapter) prior to injection of contrast.

Fluoroscopy and videotaping the procedure enabled
further retrospective analysis (Gilula and Totty 1983).

The normal pattern of filling (Fig. 30) outlines the
radiocarpal joint (Resnick 1995). Age-related degen-
erate perforations of the central portion of the
scapholunate and lunate triquetral ligaments are well
recognized (Linkous and Pierce 2000). Similarly age-
related degenerate perforations of the radial side of
the triangular fibrocartilage complex with filling of
the distal radio-ulnar joint may also be observed.
Small volar outpouchings (radial recesses) of the
capsule are well recognized (Fig. 30). On the ulnar

Fig. 30 Fluoroscopy images from radiocarpal arthrogram a needle position b early filling with contrast c mid-filling phase
d late-filling phase (complete) e lateral view post exercise
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side there is a small pre-styloid recess above which
the meniscus homologue and a further collection of
contrast may be identified. Filling of the piso-trique-
tral space is a normal variant.

Midcarpal injection has been described by Tirman
and Weber (1985). The wrist is gently flexed. The
midcarpal joint is injected between the distal scaphoid
and capitate (Linkous and Pierce 2000) (Fig. 31).
Careful injection with fluoroscopic guidance is
undertaken until good filling of the space has been
obtained. Careful observation of the scapholunate and
lunotriquetral spaces is undertaken, looking for evi-
dence of filling of these spaces. Tirman regarded this
as an easier method for establishing the integrity of
the scapholunate and lunotriquetral ligaments. A sta-
tic and dynamic instability series would be obtained.

Triple compartment arthrography (Levinsohn and
Palmer 1987; Levinsohn and Rosen 1991) was
introduced by Levisnohn and regarded as being of
superior diagnostic quality. However, Steinbach and
Palmer (2002) preferred single joint injection into the
radiocarpal space. This has the advantage of single as
opposed to multiple injections, whilst still providing
the opportunity to evaluate the scapholunate ligament,
lunotriquetral ligament, and triangular fibrocartilage
complex. It also avoids the time-consuming wait

between each of the three compartment injections
whilst awaiting absorption of contrast.

However, the diagnostic yield is greater with a
midcarpal injection based on an analysis of unidi-
rectional joint communications (Wilson and Gilula
1991). It was proposed that if a scapholunate or
lunotriquetral ligament disruption was suspected then
a midcarpal injection should be performed first. If a
triangular fibrocartilage complex disruption was
suspected, then a radiocarpal injection should be
performed first.

Full triple compartment arthrography also involves
injecting the distal radio–ulnar joint looking for
communication with the proximal carpal joint.

Digital subtraction imaging was introduced to im-
prove visualisation of scapholunate or lunotriquetral
space filling when multiple compartments were
injected (Quinn and Pittman 1988) without the normal
three-hour delay between injections waiting for the
contrast to be absorbed.

In current radiological practice, the arthrogram is
usually performed in conjunction with an MRI
arthrogram or CT arthrogram. Whilst 3T MR without
arthrography is producing very high-quality images of
the wrist (Saupe 2009) and its associated ligaments,
MRI arthrography is preferred for evaluation of the
ligamentous structures of the wrist (Magee 2009;
Sofka and Pavlov 2009).
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Abstract

The use of computed tomography (CT) in imaging
has expanded radically in the last four decades
since its invention. Aided by advances in comput-
ing and engineering, it has grown from being an
object of curiosity in research institutions to the
main modality of medical imaging across the
world. Although at present, the most common use
of computed tomography with respect to imaging
of the hand and wrist is in trauma; easy availabil-
ity, high spatial resolution and recent innovations
are helping it to break new ground in assessment of
soft tissue structures and dynamic imaging.

1 Introduction

Computed tomography is becoming the mainstay of
medical imaging. Several studies have validated this
claim including the most recent report from National
Council of radiation protection (NRCP) in the USA
which stated that the number of CT studies has
increased by 10 % per year from 1993 to 2006. Easy
availability, very short scanning times and high spa-
tial resolution are currently the main strengths of CT
scanning. Modern advances in computing capability
and digital image processing enabling instantaneous
display of multi-planar reformats has helped to fuel
the increase in demand in CT imaging for acute and
chronic disorders. Moving on from diagnosis, CT is
widely used for treatment planning and assessment of
prognosis. Newer operating techniques and equip-
ment enabling surgeons to operate on more complex
injuries improving patient outcome also contributed
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to increase use of CT for identification of even subtle
injuries.

CT is pivotal in the imaging of hand and wrist. The
unique configuration of the carpus, which involves
complex articulation between multiple bones with
different degrees of rotation and translation between
them, makes accurate diagnosis of fractures and dis-
locations on two-dimensional images provided by
plain radiograph problematic. For timely management
of injuries and patient comfort, CT scan is the primary
imaging modality of the wrist.

Modern multi detector row CT scans have the
ability to produce slices that are a fraction of a mil-
limeter thick thus providing spatial resolution capable
of identifying non displaced fractures and tiny frac-
ture fragments. CT can also be used to diagnose lig-
ament injuries and arthritis especially in patients
where MRI is difficult or contra-indicated.

2 Computed Tomography
Techniques

2.1 Patient Positioning

For CT scans of the wrist and hand, the patient is
asked to lie prone with the affected arm stretched out
above his or her head with the hand and wrist placed
with the palm facing down. This is often described as
the ‘Superman’ position and it helps to reduce the
dose delivered to the more radiosensitive parts of the
body like cornea, breasts, mediastinum and abdomi-
nal organs. It also helps to reduce artifacts due to
beam hardening that can occur if the hand is placed
over the chest or by the side of the body for the scan.

2.2 Technique

Multiple rows of detectors are not essential for CT
imaging of wrist trauma but they afford higher spatial
and temporal resolution. Parameters like kV, mA,
pitch and field of view are adjusted based on factors
such as patient’s body mass index, presence or
absence of cast and the indication for imaging.
Radiation dose will be lower while imaging without a
cast but in cases of unstable comminuted fractures or
open injures, cast and dressing can be left on. The
patient is scanned in the ‘‘superman’’ position with

the wrist is in the middle of the gantry. The upper arm
should be fully extended to counteract radial or ulnar
deviation of the wrist. Excessive dorsal flexion of the
wrist should also be avoided.

Technical parameters are set to achieve the highest
spatial resolution but mindful of the radiation penalty.
Newer dose and noise reduction techniques marketed
by different manufacturers like Adaptive Statistical
Iterative Reconstruction (ASiR) (GE) iDose (Philips),
Adaptive Iterative dose Reduction (AIDR) (Toshiba)
and Iterative Reconstruction in Image Space (IRIS)
(Siemens) can be used according to local protocol.

Isotropic acquisition allows optimal reformation in
multiple planes. Corrected transverse, sagittal, and
coronal reformatted images are routinely obtained
along the axis of the capitate bone.

Maximum bone detail is obtained by using high-
resolution bone algorithms most of which involve
edge enhancement.

2.3 CT Arthrogram

CT scanning of the wrist after injection of contrast is
sometimes performed for better assessment of liga-
ments and joints in certain situations. Techniques and
indications for this are discussed later in this chapter.

3 Clinical Applications

3.1 Acute Trauma

CT is now becoming the primary modality of cross
sectional wrist imaging for trauma in several centres.
Many centres still use MR as the preferred modality.
In this chapter we shall consider the use of CT in
various hand and wrist fractures.

3.1.1 Fractures of Distal Radius and Ulna
Fractures of the distal radius generate a high interest
amongst orthopaedic and hand surgeons probably due
to the fact that it is one of the most frequently
encountered fractures in the emergency department.
Treatment options have come a long way since the
days of Colles’ landmark article on distal radius
fractures where the main advice was to treat most
patients non-operatively (Sternbach 1985). These
days surgeons have more operative options and
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expect information about fracture configuration,
angulation and comminution to make decision about
further management. The imaging parameters to be
considered while evaluating distal radius fractures
include radial inclination, radial shortening, radial tilt,
articular incongruity and degree of comminution of
fragments. Most of these parameters can be better
identified on CT scans compared to plain radiographs.
Although operative management of isolated distal
ulnar fractures is less common, CT scan is occa-
sionally indicated in badly comminuted, shortened
fractures (Fig. 1).

3.2 Fractures of Carpal Bones

Wrist fractures are notoriously difficult to diagnose on
initial radiographs. Various modalities including bone
scintigraphy and MR imaging have been used in
different institutions. There is a wide variation of

practice in the world in imaging of acute wrist injury.
An international survey published in 2006 (Groves
et al. 2006) of hospital practices revealed marked
inconsistency in acute wrist fracture imaging proto-
cols, which the authors believe are likely to be mul-
tifactorial but also probably reflected a deficiency in
scientific evidence regarding the best practice for
imaging occult wrist fractures. Moreover, practices
will vary according to local expertise and availability
of the different modalities operating within the con-
straints of individual healthcare local resources. In our
institution we use CT scan to detect occult fractures if
the second plain radiograph after 10–14 days of
injury has been negative. Criteria for a bone fracture
on CT images are the presence of a sharp lucent line
within the trabecular bone, a break in the continuity of
the cortex, a sharp step in the cortex, or a dislocation
of bone fragments. Trabecular fractures on CT
(without cortical disruption) can be difficult to dif-
ferentiate from nutrient vessel. Soft tissue and

Fig. 1 Radiograph of wrist
demonstrating an intra-
articular fracture at top left
hand corner and clockwise
images show coronal,
transverse and sagittal CT
reconstructions in the same
patient. The degree of
comminution and extent of
articular depression is difficult
to appreciate on the plain
radiograph. Transverse
section also demonstrates
subluxation of the Distal radio
ulnar joint (DRUJ) is difficult
to appreciate on plain
radiograph

Computed Tomography of Hand and Wrist 25



ligamentous injury on non-contrast CT cannot be
accurately diagnosed (Adey et al. 2007). On MR
imaging, one can more reliably identify trabecular
fracture, and differentiation from a vessel can be done
with much more confidence. In addition, bone bruis-
ing and ligamentous injuries can be more reliably
identified on MRI and not CT. A recent meta-analysis
(Yin et al. 2010) examined various studies performed
in detecting occult scaphoid fracture comparing
between bone scintigraphy, CT and MRI. MRI was
shown to be more sensitive (96 %) than CT (93 %).
but the specificity of both modalities remains the
same (99 %). The meta-analysis also acknowledged
that due to low numbers, there was lack of robust
evidence to support one modality over another.
(Fig. 2).

3.2.1 Scaphoid Fractures
The scaphoid is the largest bone of the proximal
carpal row and provides an important link between
the proximal and distal carpal row. It is also the most
commonly fractured carpal bone accounting for about
70 % of wrist bone fractures (Welling et al. 2008).
Waist of the scaphoid is the most common site of
fracture.

Choice of imaging is dependent on local avail-
ability and as explained above, between MRI and CT,
there is no clear winner. MRI is better in the diagnosis
of trabecular fractures but CT is better in diagnosis of
cortical fractures. MRI is more sensitive in early

diagnosis of fractures but there is no clear evidence
that it is significantly better than CT (Yin et al. 2010).

The most commonly reported cause of scaphoid
fracture is a fall on outstretched hand with forced
dorsiflexion of the wrist. Compression or avulsion of
the tuberosity is also seen occasionally. Proximal pole
avulsion fractures can occur due to traction on the
scapho-lunate ligament (Fig. 3).

3.2.2 Lunate Fractures
Lunate fractures account for about 4 % of all carpal
fractures. Lunate occupies a central position in the
proximal carpal row. Like the scaphoid, late diagnosis
or non-diagnosis can result in carpal instability,
nonunion and avascular necrosis. Isolated lunate
fracture is often difficult to diagnose as lunate over-
laps with other carpal bones on radiographs. CT
imaging can demonstrate all patterns of fracture.
Fracture pattern of the lunate is described according
to anatomical location namely body (Fig. 4), dorsal
pole and volar pole and also orientation of fracture
line namely transverse and sagittal. Isolated fractures
in the coronal plane are extremely rare.

3.2.3 Triquetral Fractures
Triquetral fractures are the second most common
carpal fractures with a prevalence of about 20 %.
Dorsal ridge fractures are the commonest and occur at
the dorsal aspect due to impaction of ulnar styloid
process against the dorsal surface during wrist

Fig. 2 Illustrates the relative frequency of fractures in the
different carpal bones quoted by various sources

Fig. 3 a Transverse CT section through scaphoid demonstrat-
ing fracture of the scaphoid waist. b Sagittal CT section through
scaphoid demonstrating fracture of the scaphoid waist

26 Sri P. Suresh and T. Ninan



hyperextension and ulnar deviation. Alternatively,
dorsal ridge fractures may occur in hyperextension
that results in ligamentous avulsion from the dorsal
surface of the triquetrum. These fractures can be
easily picked up on plain radiographs and CT is sel-
dom indicated unless other associated injuries are
present.

Fracture of the triquetral body is not very common
and occurs in conjunction with perilunate dislocation
and CT will be frequently indicated to assess the
extent of the injury (Fig. 5).

3.2.4 Pisiform Fractures
The incidence of Pisiform fractures is about 2 %.
Pisiform fracture results from a direct blow. Presence
of multiple ossification centres and overlap of other
bones can make diagnosis of fracture on plain radio-
graph difficult and CT may be useful to explain the
cause of symptoms (Fig. 6).

3.2.5 Trapezium and Trapezoid Fractures
The trapezium is the most mobile bone of the distal
carpal row. Trapezial ridge, a vertical prominence on
the volar aspect of the trapezium where ligaments and
the flexor retinaculum insert, is the most commonly
fractured part of trapezium. It might be due to direct
blow or avulsion.

Trapezoid is the least commonly fractured carpal
bone and accounts for about 0.5 % of carpal fractures.
Mechanism is usually high energy impact and frac-
tures can be associated with fractures of other bones.
Even though fractures cannot be visualised on plain
radiographs, they are frequently picked up on CT
(Fig. 7).

3.2.6 Capitate Fractures
The capitate is the largest carpal bone. Injuries are
usually caused by high-energy impact. The proximal
third of the capitate is almost completely covered by

Fig. 4 a Plain radiograph
that demonstrates a fracture of
the lunate. b CT transverse
section through the lunate in
the same patient that
demonstrates comminution
that is difficult to appreciate
on the plain radiograph

Fig. 5 CT transverse section through the triquetral demon-
strating a dorsal ridge fracture (arrow) that was occult on the
initial plain radiograph

Fig. 6 CT transverse section demonstrating a minimally
displaced fracture of the pisiform
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articular cartilage and CT is frequently used to assess
the involvement of the articular surface. Due to poor
vascular supply, fractures of the capitate take longer
to heal and CT is used to assess healing and look for
signs of avascular necrosis (Fig. 8).

3.2.7 Hamate Fractures
Hamate fractures are frequently seen in sporting
injuries in individuals using clubs or racquets e.g:
Golf and Tennis. These fractures are usually subtle
(particularly if they are though the hook of hamate)
and are caused by direct trauma from the handle of
the club or racquet and can be missed on the plain
radiograph. Delayed diagnosis or malunion of the
fracture can lead to ulnar nerve palsy and CT is
helpful in this scenario (Fig. 9).

3.3 Fractures of Metacarpals

Although metacarpal shaft fractures are easily diag-
nosed on plain radiographs, fractures and fracture
dislocations of the bases of metacarpals can be easily
missed and lead to delayed diagnoses and increased
morbidity in young patients. Even with views plain

radiographs can underestimate the comminution and
angulation. Hence CT is used in diagnosis and oper-
ative planning of fractures of the metacarpal bones,
especially comminuted fractures and those involving
the articular surface. Fractures of the base of first
metacarpal, even though relatively easier to see on
plain radiographs frequently warrant further imaging
to assess fragmentation and articular surface. These
fractures, if not treated appropriately can lead to early
osteoarthritis and disability (Fig. 10).

3.4 Dislocations

Dislocations of the carpal bones can be grossly clas-
sified into lunate dislocations, perilunate dislocations
or mid-carpal dislocations based on the relative
positions of the distal radius articular surface and the
carpal bones. (Gilula and Minnie 1979).

In lunate dislocations, the lunate is displaced rel-
ative to the distal radius but the rest of the carpal
bones (localized by the capitate) are centered over the
distal radius. In peri-lunate dislocation, the lunate is
centered over the distal radius but the rest of the
carpal bones are displaced. If both lunate and capitate

Fig. 7 a CT transverse
section through the trapezium
demonstrating a flake fracture
(arrow). b CT coronal section
demonstrating an undisplaced
fracture of the trapezoid and a
lucent line through the
capitate representing a
nutrient artery. c CT
transverse section
demonstrating a trapezoid
fracture
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are dislocated relative to the distal radius, the term
mid-carpal dislocation is used.

CT scan is frequently used to assess collateral
damage caused by lunate or perilunate dislocations.
As stated earlier, CT is able to identify small flake
fragments representing avulsion injuries and commi-
nution, especially of articular surfaces although MR
imaging is better at assessing ligament injuries. It is
not uncommon to use both imaging modalities in
conjunction in cases of significant trauma.

The most common dislocation is the perilunate
dislocation. These are caused by high energy impact
resulting in wrist hyper-extension and ulnar devia-
tion. They are a broad continuum of injuries ranging
from minor ligament strains to complete dislocation
of the carpus. Perilunate dislocations are generally
associated with carpal instabilities. On application of

stress, ligamentous failure occurs from ulnar side to
radius (Fig. 11).

3.5 Fracture Union

As early as 1987, Bush et al. (1987) concluded that
CT was much better than plain radiographs in the
assessment of fracture union. CT is better fracture
gaps, bony bridges and callus. Although literature has
described use of MR and Ultrasound in assessing
fracture union CT remains the test of choice in
assessment of fracture healing, malunion and non
union. Newer techniques discussed at the end of this
chapter have improved the visualisation of cortical
and cancellous bone even in the presence of metal
work.

3.5.1 Sequelae of Trauma (Scapho Lunate
Advanced Collapse and Scaphoid Non
Union Advanced Collapse)

Degenerative changes in the joint are the most com-
mon sequelae of trauma.

Scapholunate Advanced collapse (SLAC) is
caused by injury to the scapho lunate (SL) ligament,
especially the dorsal component which is the most
critical scapholunate stabiliser. The ligament can be
injured in isolation or as part of perilunate dislocation.

When the SL ligament is injured, lunate tends to
dorsiflex and scaphoid tends to rotate into a palmar
flexed position. Capitate tends to follow the lunate
into a dorsiflexed position and also migrates proxi-
mally. These spectrum of changes lead to a dorsal
intercalated segmental instability (DISI) which in turn
leads to degenerative changes commonly referred to
as SLAC wrist.

Similar changes can also occur with nonunion of
scaphoid fracture. The scapholunate ligament is usu-
ally intact but the biomechanics are similar to that
described above. The degenerative changes in this case
are usually referred to as Scaphoid Nonunion
Advanced Collapse (SNAC). Pattern of degenerative
changes can help to diagnose these conditions.
Although MR arthrography is the preferred mode of
investigation in several centres for this sort of injury,
CT arthography as described in the next section is
almost as sensitive and can be used in places where MR
arthrography is contraindicated or difficult to access.

Fig. 8 CT sagittal section through the Capitate demonstrating
a fracture line in an oblique plain. (blue arrow) Compared with
Fig. 7b, note that the line passes through two cortices indicating
a fracture as opposed to a nutrient artery which seldom involves
two cortices
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First stage involves degenerative changes in the joint
between radial styloid and the scaphoid. In the second
stage degenerative changes progress to the whole
radio-scaphoid joint. In the third stage, changes are
seen in scaphocapitate or capitolunate joints (Fig. 12).

3.6 Ligament Injury: CT Arthrography

As alluded to before the wrist joint is one of the most
complex joints in the body. For simplification it can
be divided into three compartments. The distal radio-
ulnar joint, the radiocarpal joint and the midcarpal
joint.

The proximal carpal row is very important in the
wrist movements as it acts as the intercalated segment

(Kauer 1980). The carpal bones in the proximal row
are held together by the scapholunate (SL) and the
lunotriquetral (LT) ligaments. Both these ligaments
are horseshoe shaped, with the palmar and dorsal
segments thicker (more important biomechanically)
than the central segment (also known as proximal or
membranous segment) (Boabighi et al. 1993)
(Fig. 13).

They merge anteriorly and posteriorly with the
articular capsule, and seal off the radiocarpal and
midcarpal compartments (Berger 1996). Another

Fig. 9 a and b Transverse
and sagittal reconstructions
demonstrating a fracture of
the hook of the hamate

Fig. 10 Base of metacarpal fracture

Fig. 11 Lunate dislocation with multiple small avulsion
fractures better appreciated on CT scan
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important structure is the Triangular Fibro Cartilage
Complex (TFCC). It includes the extensor carpi
ulnaris tendon sheath, the dorsal radioulnar ligament,
the triangular fibrocartilage proper, the volar radio-
ulnar ligament, the ulnocarpal ligaments, the ulnar
collateral ligament, and the meniscus homologue. The
TFCC is the key stabilizer of the DRUJ and it seals off
the DRUJ from the radiocarpal joint. The capsular
ligaments between the carpal bones form the sec-
ondary stabilizers of the wrist joint. These have been
described in detail in literature. (Viegas 2001).

These intrinsic ligaments of the wrist can be
depicted with several imaging modalities, including
conventional arthrography, MR imaging (with and
without intraarticular contrast agent administration),

and CT arthrography. The development of dynamic
multislice CT studies allows a diagnostic approach
that combines dynamic information and the accurate
assessment of ligaments and the TFC complex.

Technique: Firstly the wrist is positioned hori-
zontally under vertical fluoroscopic guidance. Then
under aseptic conditions, using a 24-gauge needle,
puncture is made on the dorsal aspect of the wrist
(as demonstrated in Fig 14a). On average, a total of
5 mL of iodinated contrast medium is injected. The
concentration should be lower than 300 mg of iodine
per milliliter to avoid beam-hardening artifacts with
MDCT. After the injection the patient is immediately
directed to the MDCT to avoid excessive dilution of
contrast medium.

Fig. 12 a Demonstration of
the normal SL angle(between
30 �–60 �). b DISI deformity
with dorsal tilt of lunate and
SL angle [60 �

Fig. 13 Demonstration of
intrinsic ligaments of the
wrist. Purple: Volar scapho-
lunate and luno triquetral
ligaments. Blue: Proximal
scapho-lunate and luno
triquetral ligaments. Yellow:
Dorsal scapho-lunate and luno
triquetral ligaments
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CT scan is then acquired as described in the pre-
vious section.

Coronal images provide a practical overview of the
wrist joint. The central (proximal) parts of SL and LT
ligaments are best seen on the coronal reformats and
are usually meniscoid and insert onto cartilage. The
transverse images are essential for appreciating
the functionally important dorsal and volar portions of
the SL and LT ligaments which are flat and insert
onto the bones. Sagittal images provide a good anal-
ysis of the TFCC.

Ligament tears: These can be traumatic or degen-
erative. The traumatic tears are usually after fall on an
outstretched hand and may be associated with carpal
bone dislocations or fractures. Classification of liga-
ment tears helps differentiate full-thickness (usually
communicating) tears from partial-thickness (non-
communicating) tears (Fig. 14b). For MDCT
arthrography, a ligament tear is defined as commu-
nication of intraarticular contrast material through any
segment of the ligament. TFCC tears (Fig. 14c) are

routinely classified according to the system developed
by (Palmer 1989).

In the literature the sensitivity and specificity of
CT arthrography has been described as high as 100 %
for detecting SL ligament tears and 85 and 100 %,
respectively, for LT ligament tears (Theumann et al.
2001; Schmid et al. 2005).

The advantages of CT are small field of view,
excellent spatial resolution and quick scan time which
virtually eliminates movement artifact.

3.7 Arthropathies

The commonest site of osteoarthritis (OA) in the
hand is the first carpometacarpal (CMC) joint fol-
lowed by distal interphalangeal joints. OA affecting
the CMC joint is often debilitating, most commonly
affecting postmenopausal women. The first CMC
joint is the most commonly operated site in the hand
for arthritis (Arnett et al. 1988). CT is useful in

Fig. 14 a Image
representing the various joint
capsules and sites for
injection. Purple: mid carpal
joint with injection site
between the carpals Blue:
Radiocarpal joint with
preferred injection site being
over the proximal articular
surface of scaphoid. Pink:
Distal radio-ulnar joint with
preferred injection site over
the distal ulna. b Contrast
injected into radiocarpal joint
was seen within the Distal
radio ulnar joint (DRUJ)
indicating a perforation of the
Triangular fibro cartialge
complex (TFCC). c Contrast
is replacing the normal and
LT ligaments indicating a full
thickness tear in this young
patient who had recent trauma
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operative planning and postoperative follow up if
required.

Rheumatoid arthritis (RA) is a chronic inflamma-
tory arthropathy of unknown etiology affecting a large
cohort of the population. The success of disease
modifying antirheumatic drugs (DMARD) and more
recently the advent of biologic response-modifying
drugs has increased the interest in the imaging
modalities for evaluating the disease progression.
These drugs are not only very expensive but are also
potentially toxic necessitating their judicious use. The
presence of erosions in early disease serves as a
diagnostic marker for RA and is a sign of poor
prognosis, signaling potentially aggressive disease
(Van der Heijde et al. 1992).

Plain Radiographs, Doppler Ultrasound, Comput-
erized Tomography (CT), Magnetic Resonance
Imaging (MRI) and scintigraphy have been used for
evaluation and diagnosis of the erosions. (Østergaard
et al. 2003).

In CT cortical bone, being very dense, is readily
visible, as is the interface with adjacent soft tissues.
Thus, CT is capable of clearly delineating the borders of
erosions and differentiating bone (whether edematous
or not) from inflamed synovium. While plain radiog-
raphy has traditionally been used as the gold standard
for imaging erosions, the main disadvantage is that
there are many regions such as the carpal bones where
complex three-dimensional anatomy is very inade-
quately depicted using a two-dimensional modality.
This problem is circumvented by multi-detector helical
CT (MDCT), which offers the benefits of multiplanar
capability, similar to MRI, with the enhanced cortical

definition intrinsic to plain radiography. Erosions on
CT were defined as focal areas of loss of cortex with
sharply defined margins, seen in two planes, with cor-
tical break seen in at least one plane (Perry et al. 2005).

The main advantages of CT are that it is less
expensive and faster than MR. The quick scan time is
very useful in patients with concurrent shoulder disease,
who have to be lying in the superman position for the
scan. Another disadvantage of MR may be the con-
ventional 3 mm slice thickness which can lead to partial
volume artifacts on MR. This may lead to misinterpre-
tation of small erosions. MDCT has the advantage of
capability of acquiring images of 0.5 mm slice thick-
ness thus reducing this artifact. Bone sclerosis can mask
erosions on the MRI, but MDCT is capable of detecting
erosions in the presence of extensive sclerosis. MRI
does have the advantage that it allows imaging of
inflammatory change within the joint, including syno-
vitis, bone edema, and the ‘‘activity status’’ of erosions.
None of these can be detected using CT (Perry et al.
2005). These modalities should therefore be regarded as
complementary to each other in the detection of disease
activity in rheumatoid patients (Fig. 15).

3.8 Tumor Imaging

Role of CT in evaluation of tumours can be compli-
mentary to MR, which is the main modality used for
local tumor staging. If a lesion is suspected or dis-
covered, the diagnostic work-up should begin with
plain radiographs of the area of interest. If the tumor
characterization with radiography is sufficient and in

Fig. 15 a Cyst within
Capitate. Note the clarity of
the intact cortical outline.
b Erosion, tip of proximal
phalanx. Due to the size of the
erosion, it would have been
difficult to illustrate on MR
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an adult metastatic disease is suspected then a bone
scan to look for multiple metastatic lesions followed
by a CT scan of the thorax, abdomen and pelvis is
usually recommended. But if a primary bone tumor is
suspected then work-up should proceed with MR
imaging to evaluate the intra and extraosseous extent
of tumor. Where it may be difficult to discern the
pattern of bone destruction, it is recommended that
CT be performed following radiography. This will
help determine the pattern of bone destruction and
periosteal new bone formation and to assess for the
presence of matrix mineralization.

Osteoid osteoma is a benign bone tumor repre-
senting approximately 10 % of all benign bone tumors.
It is more common in the lower limbs. Localization in
the hand occurs with an incidence of 8 % of all
reported cases (Allieu and Lussiez 1988). The pha-
langes are the most frequent sites in the hand
(Ambrosia et al. 1987) followed by the carpal bones.
Lesions in the hand may display less reactive sclerosis,
a finding that can be misleading. Because of the
proximity of the bones in the hands and feet, an
inflammatory reaction that originates from one carpal
or tarsal lesion often spreads to adjacent bones and
joints. Moreover, soft-tissue swelling may be promi-
nent in osteoid osteomas of the hands and feet, a finding
that may resemble infection or inflammatory arthritis.

Many studies have shown CT is more useful than
MR in illustrating the nidus. (Assoun et al. 1994) CT
demonstrates the nidus as a round or oval well defined
area with low attenuation. An area of high attenuation
may be seen centrally, a finding that represents min-
eralized osteoid (Gamba et al. 1984) At radiography,
it is very difficult to differentiate an intracortical
abscess with a sequestrum and an osteoid osteoma
with a calcified nidus. However, it is easier to dif-
ferentiate between the two conditions on CT. In
osteoid osteoma, the inner side of the nidus is smooth,
and a round calcification is seen in the center of the
nidus. In an intracortical abscess, the inner margin is
irregular, and an irregularly shaped sequestrum is
seen eccentrically (Chai et al. 2010) (Fig. 16).

4 Modern Advances

The limitations of CT scanning traditionally have
been high radiation dose, low temporal resolution and
artefacts due to metals. Another criticism has been
that the anatomical images produced using a CT
scanner are a ‘snapshot in time’ that do not show the
dynamic interaction between the various structures
which would be useful in guiding treatment. This
is especially true of complex joints like the wrist.

Fig. 16 a Bone scintigraphy demonstrating a ‘hot spot’ which
on subsequent CT. b was shown to be an osteoid osteoma with
smooth round margins and central nidus. Contrast with c where

cortical break and irregularity of margins is demonstrated in
keeping with a more aggressive lesion; in this case
osteomyelitis
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Newer generation scanners have several features that
help to overcome these limitations.

Various dose reduction techniques have been
introduced by different CT manufacturers. With the
increase in computing power, statistical and model
based iterative reconstruction algorithms are being
used for image manipulation. Research work being
carried out in various hospitals including our institu-
tion have shown that extremity CT scans with good
quality diagnostic images can be produced at doses
comparable to plain radiography. If proven to work
safely and accurately in a clinical setting, CT scans
could replace plain radiography in the initial evalua-
tion of trauma.

Modern scanners have high temporal resolution
which can be utilised to perform dynamic imaging.
Dynamic CT scan of the wrist has been performed in
an experimental setting using cadaveric hand by Leng
et al. (2011). This is possible due to the high temporal
resolution offered by newer generation scanners. In
the experimental setting, joint stability and relative
motion of the carpal bones could be assessed. This is
useful in early SLAC and SNAC wrist before the
degenerative changes set in.

Artifacts due to metal can be reduced significantly
by newer noise reduction techniques. Better receptors
and high definition scanning modes also help to reduce
metal artifacts. Another feature that is available in
newer scanners is dual energy tubes. By using X-rays
at two different energies (e.g 80 and 140 kV) metal
prosthesis can be digitally subtracted to assess fracture
healing, periprosthetic fractures and joint integrity.

Dual energy CT scanners have found application in
characterisation of crystals in joints especially in
patients suffering from Gout. Glazebrook et al. (2011)
have demonstrated that Dual energy CT can success-
fully characterize uric acid crystals. Although in most
clinical settings, it is difficult to justify irradiating the
patient rather than aspirating easily accessible joints
like the wrist, it can be used in special circumstances
where aspiration is difficult or contra indicated.

5 Conclusion

In the four decades since its invention, the use of CT
has rocketed. At the same time advances have placed
it at the forefront of medical imaging. This progress
looks set to continue and CT is more likely to become

the modality of choice in the imaging of trauma.
Modern advances look promising and CT could
encroach into the domain of other modalities like MR
imaging and plain radiography.
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Abstract

The complex anatomical nature of the hand and
wrist brings about diagnostic challenges both for
the Clinician and the Radiologist when considering
pathology in this region. MR is a proven, widely
employed imaging modality used in the detection,
assessment and follow-up of disorders of both the
hand and the wrist. Optimisation of both sequences
and protocols are essential in order to provide good
quality images which allow high sensitivity and
specificity for detection of pathology. High field
strength units are usually used in hand and wrist
imaging alongside dedicated extremity coils. Even
then, there are numerous artefacts which may be
encountered including movement, pulsation, trun-
cation, magic angle and chemical shift. These
phenomena will be discussed in this chapter in
addition to a brief outline of sequences and their
potential uses. Pathology relating to osseous
structures, tendons, TFCC and both intrinsic and
extrinsic ligaments are all readily assessed on MR
imaging and the optimal planes for imaging are
discussed alongside common pathologies and
potential pitfalls in image interpretation. MR
arthrography is also discussed with particular
reference to both TFCC and intrinsic ligament
pathology. Recent advances in technology, includ-
ing the advent of 7T units, have led to improve-
ments in the assessment of articular cartilage at the
wrist and techniques of biological imaging, which
continue to evolve.
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1 Introduction

The complex anatomical nature of the hand and wrist
brings about diagnostic challenges both for the
Clinician and the Radiologist when considering
pathology in this region. However, advances in
imaging techniques have allowed increasingly accu-
rate diagnostic performance and MR imaging is a
proven, widely employed imaging modality for the
detection, assessment and follow-up of disorders of
the hand and wrist. The radiologist requires a detailed
knowledge of the anatomy and range of pathological
conditions affecting the hand and wrist. However, a
knowledge of the clinical information and careful
consideration of the available and most appropriate
imaging modalities are essential in determining the
relevant technique and sequence protocols.

There are many potential pitfalls when imaging the
hand and wrist, an incorrect sequence or misinter-
pretation of an anatomical variant may lead to inac-
curate diagnosis particularly of both TFCC and
intrinsic ligament pathology. This chapter will
provide a review of technical considerations and MR
protocols followed by discussion of the most common
and most relevant clinical applications.

2 Technical Considerations

In general terms, the higher the magnetic field strength
used in MR imaging the greater both the signal-to-
noise ratio (SNR) and the contrast-to-noise ratio
(CNR) achieved. An increased SNR allows thinner
slice thickness which in turn allows greater spatial
resolution and also shorter acquisition times, thereby
reducing the likelihood of patient movement. Thin and
contiguous slices are needed in order to accurately
image the intrinsic structures of the wrist many of
which are no greater than a few millimetres thick.

A high field strength magnet (1.0T or higher) is
usually preferred for optimal imaging of the fine
architecture of the hand and wrist; in addition a local
or surface coil is necessary to ensure sufficient signal-
to-noise ratio. However, for applications which rely
on contrast resolution as opposed to spatial resolu-
tion—for example evaluation of radiographically
occult fractures or osteonecrosis of the carpus—lower
field strength extremity units (0.1–0.6T) in either

open or extremity units may suffice to answer a
specific clinical question. However, in this situation
cartilage lesions and subtle pathology of the tendons,
ligaments and fibrocartilage will not be as readily
identified. These low field strength scanners may be
useful where there is limited space available within a
department and for patients who are either claustro-
phobic or obese.

The majority of studies comparing the sensitivity
and specificity of low field strength versus high field
strength units in the upper limb have focussed on
shoulder imaging, often with conflicting outcomes.
Currently, most centres performing regular hand and
wrist imaging will use at least a 1.5T unit and
increasingly 3T units are becoming the norm. Thinner
slices are possible with 3T imaging and CNR may be
increased by a magnitude of 2.0–2.9 times that of 1.5T
if all other parameters are kept constant (Saupe et al.
2005). Studies have shown the higher SNR and CNR
obtained with 3T units allow significantly improved
visualisation of the small anatomical structures of the
hand and wrist including the scapholunate and luno-
triquetral ligaments (Saupe et al. 2005). Although
direct comparisons have not been undertaken, findings
suggest that 3T imaging may have improved sensitivity
and specificity compared to 1.5T imaging for detection
of both TFCC tears and scapholunate tears (Magee
2009). Improved visualisation of the median and ulnar
nerves at high field strengths imaging has also been
documented (Farooki et al. 2002).

Coil selection is also vitally important in hand and
wrist imaging and receiver coils with high signal-to-
noise ratio capability and uniformity are needed.
Surface array coils are used to provide high SNR and
an extended field-of-view (Roemer et al. 1990).
Studies have also shown that phased array coils and
adapted birdcage head coils may be used to provide
both high SNR and image uniformity (Kocharian et al.
2002). Coils continue to improve with greater numbers
of elements, but the optimising coils for hand and wrist
imaging remains an engineering challenge.

2.1 Positioning

In high field strength systems, there are two main
options for patient positioning; the patient may lie
prone within the scanner, with their symptomatic arm
stretched out above the head and the wrist positioned
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within the isocentre of the magnet, thereby allowing for
homogenous fat suppression, or alternatively they may
lie supine with the hand and wrist at the side of the body.
The latter position may prove to be more comfortable
for the patient but can lead to inhomogeneous fat
suppression given the wrist and hand are not central
within the magnet. Motion artefact can be a significant
problem and it may be more important to optimise
patient comfort and accept suboptimal positioning.
Motion artefact is minimised by using restraints such as
foam cushions and wedges. In order that positioning
abnormalities are not incorrectly diagnosed as carpal
instability syndromes it is important to eliminate
significant radial or ulnar deviation at the wrist.
However, even correctly positioned wrists may occa-
sionally simulate a dorsal intercalated segment insta-
bility and correlation with both clinical findings and a
lateral radiograph may be helpful in this situation. It is
also useful to note that the long axis of the capitate will
remain centred on the long axis of the radius when the
lunate undergoes physiological extension, while in a

true DISI deformity there will be dorsal translation of
the long axis of the capitate (Fig. 1).

The degree of pronation and supination of the wrist
will influence the appearances of the distal radioulnar
joint (DRUJ). Ideally, MRI is obtained with the wrist
in a neutral position as pronation and supination can
mimic dorsal and volar subluxation of the ulnar at the
DRUJ. It is important to consider wrist positioning
before diagnosis of DRUJ subluxation is made
(Fig. 2a, b). Pronation and supination also influence
the appearance of the relative length of the radius and
ulnar. The ulnar appears longer relative to the radius
in pronation.

For imaging of the fingers, both supine (with the
arm at the side of the body) and prone (with the arm
above the head) positions are described in the literature
and are accepted techniques for producing good image
quality (Blackband et al. 1994). As with wrist imaging
positioning within the centre of the magnetic field is
vitally important in imaging the fingers. Generally, the
fingers are imaged when fully extended, however the
flexed position (around 45 degrees), may be of value in
evaluating possible pulley lesions as well as collateral
ligament injury (Hauger et al. 2000).

For imaging individual finger joints a surface
microscopy coil may be useful (Tan et al. 2005). If
both hands or both wrists are to be imaged on the
same patient then a larger extremity coil may be used
to image both sides at one time thereby decreasing the
scan time required. The hands and wrists can be
placed palm together with the arms above the head
both within the coil.

2.2 Imaging Planes

Typically protocols for the hand and wrist include
images acquired in all three orthogonal planes.
Imaging the thumb presents particular difficulties for
alignment of planes as it does not lie in an orthogonal
plain relative to the hand and wrist. In this situation,
sagittal and coronal imaging is aligned relative to the
thumb metacarpal from an axial image.

2.2.1 Axial
Axial imaging is usually performed first as these
sequences are then used to set up the coronal and
sagittal sequences. The plane should be determined as

Fig. 1 Sagittal T2W FS image with the wrist in ulnar
deviation. The lunate shows slight dorsal tilt but the long axis
of the capitate remains aligned with the long axis of the
radius—indicating that this appearance is due to physiological
positioning
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being parallel to the distal radius. For imaging of the
wrist coverage should include the region between the
distal radius/ulnar metaphysis proximally, extending
to the proximal metacarpal shafts distally.

2.2.2 Coronal
The correct plane is crucial for coronal imaging and
should be derived from an axial image through the
proximal carpal row. The plane of section should
bisect the scaphoid, lunate and capitate (Fig. 3). The
TFCC is best demonstrated on coronal sequences,
and this plane may also be used to assess both the

intrinsic and extrinsic ligaments of the wrist. For
imaging of the fingers the coronal plane will be
determined as being parallel to the anterior volar
cortex of the metacarpal heads.

2.2.3 Sagittal
The sagittal plane should be perpendicular to the
coronal plane and for wrist imaging should include all
soft tissues to either side of the radius and ulnar.
Sagittal images are useful in determining carpal
alignment and carpal instability and in the fingers the
flexor and extensor tendons are best evaluated in this
plane (Fig. 4).

Fig. 2 a and b—Axial imaging in the same asymptomatic
patient with the wrist in a pronation and b supination. With the
wrist in supination appearances suggest volar subluxation of the
ulnar (asterix) and in pronation there is dorsal subluxation of

the ulnar (asterix). There is also a marked change in position of
the Extensor carpi ulnaris tendon (white arrow) between these
two wrist positions. To eliminate these apparently abnormal
findings it is important to image the wrist in a neutral position

Fig. 3 The coronal plane is determined by a line bisecting the
scaphoid, lunate and capitate (yellow line) on an axial image
through the proximal carpal row

Fig. 4 Sagittal T2 FS image
of the index finger shows both
the flexor and extensor
tendons as low signal
structures inserting into the
distal phalanx. This plane
may be used to assess
continuity of the tendons as
well as alignment within the
digit. The tendon is concave
towards the proximal and
middle phalanges (black
arrow) as a result of the action
of the associated pulleys at
these levels. The volar plate is
also demonstrated in this
plane (white arrows)
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2.3 Sequences

The exact protocols for imaging the hand and wrist
will vary between institutions depending on radiolo-
gist and clinician preferences and on the scanning unit
involved.

2.3.1 T1 Weighted Imaging
T1 weighted imaging is ideal for detecting marrow
infiltration and is also helpful in distinguishing areas
of red marrow reconversion from pathological area
of change and should be included in a routine wrist
protocol in at least one plane without fat saturation.

2.3.2 Fast Spin Echo
Fast Spin Echo (FSE) sequences also referred to as
Turbo Spin Echo (TSE) were originally introduced in
order to speed up image acquisition through the simul-
taneous acquisition of multiple echoes. The advantage
over spin echo sequences (SE) is the reduction in
acquisition time, for long TR sequences. This reduces
examination time but also helps to minimise movement
artefact whilst maintaining the same SNR. FSE imaging
forms the basis of proton density and T2 weighted
imaging widely used in clinical hand and wrist MRI.
Frequency selective fat suppression will be often applied
to these sequences. In addition to improving their sen-
sitivity to water, particularly in fatty bone marrow, fat
suppression will also improve contrast between bone
and articular cartilage. Fat suppressed proton density
FSE imaging is particularly good for imaging articular
cartilage. Recently, 3D fast SE became available from
some manufacturers giving the potential for thin slice
contiguous images and multiplanar reconstructions.
Their use is still being evaluated and evidence would
suggest they are not yet suitable to replace 2D FSE
imaging (Stevens et al. 2011).

2.3.3 Short T1 Inversion Recovery
Short T1 Inversion Recovery (STIR) sequences
provide an alternative means to achieve fat sup-
pression. Where a relatively short inversion time is
used to null the fat signal whilst maintaining water
and soft tissue signal. This technique is particularly
helpful where field inhomogeneities prevent uniform
fat suppression. This can be a particular problem

with hand and wrist imaging if it is not possible to
position the area of interest in the isocentre of the
magnet. STIR sequences are particularly useful in
the detection of bone marrow abnormalities in the
hand and wrist such as occult fractures. In addition
the TFCC and intrinsic ligaments are often well
visualised on STIR sequences. STIR images show
high contrast but suffer from a low signal to noise
ratio. STIR is not specific to fat and tissues with a
similar T1 signal to fat will also be suppressed—this
includes structures which have shown enhancement
following gadolinium administration.

2.3.4 Gradient Echo
Gradient Echo images provide a high degree of spatial
resolution but at the expense of relatively poor
contrast resolution. In addition, 3D T1 weighted
gradient echo images may be used to allow thin slice
multiplanar reconstructions. These sequences show
increased susceptibility artefact and therefore are of
little use in the presence of metalwork, such as
following surgery.

2.3.5 Typical Protocols
As already stated protocols will vary depending on
preference, indication of the examination and MRI
equipment. Typically, a routine wrist MRI protocol
will include axial coronal and sagittal imaging using
a combination of FSE proton density and T2 imag-
ing. Fat suppressed imaging is helpful for demon-
strating cartilage and improving sensitivity to fluid in
bone and will usually be applied in at least two
planes. It is important to include at least one non-fat
suppressed T1 weighted sequence. The authors also
make frequent use of thin slice 3D gradient echo
sequences (GE), particularly for the evaluation of
subtle bony erosions in the wrist and hand joints.

In some situations a far more limited protocol can
be utilised. For instance to identify radiographically
occult bone injury, particularly possible scaphoid
fracture, T1 and T2 imaging in the coronal and
sagittal plane may suffice.

The use of iodinated contrast may be required in
some situations such as the evaluation of scaphoid non-
union/avascular necrosis or for identifying synovitis
(and distinguishing it from effusion) in arthritis
imaging.
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2.4 Artefacts

2.4.1 Motion Artefact
Motion artefact will manifest as blurring or ghosting
of the images. In the hand and wrist patient movement
is a common cause however pulsation artefact from
vessels may also occur.

2.4.2 Pulsation Artefact
Pulsation artefact results from blood flow and can be
minimised by saturation bands perpendicular to blood
vessels. The effect can also be minimised by planning
the phase encoding direction to cast the artefact away
from anatomical structures that need to be evaluated
(Fig. 5).

2.4.3 Chemical Shift Phenomena
Chemical shift phenomena are usually apparent at
water–fat interfaces due to a difference in resonance
frequency between fat and water; fat resonates at a
slightly lower frequency than water (Larmor frequency).
Both SE and GE may demonstrate chemical shift artefact
which appears as a hypointense band, one to several
pixels in width, towards the lower part of the gradient
field, and as a hyperintense band towards the higher part
of the readout gradient field. This phenomenon is more
pronounced at higher field strengths and lower gradient
strength. In MR imaging of the wrist, chemical shift
artefact is most frequently appreciated at the cartilage–
bone marrow interface (Fig. 6), and may lead to over-
estimation or underestimation of the cartilage thickness.

2.4.4 Susceptibility Artefact
Susceptibility artefact is related to the internal
magnetisation induced in tissues by the external
magnetic field and refers to the focal loss of signal
intensity and distortion of the magnetic field
secondary to low proton structures such as air or
metal. This form of artefact is encountered frequently
in musculoskeletal imaging due to the presence of
surgical hardware or clips (Fig. 7). The metallic
objects produce T2 and T2* shortening which results
in signal loss and geometrical distortion. This effect
increases exponentially with high field strength and is
one of the disadvantages when imaging at 3T and
higher. Approaches to reducing susceptibility artefact
include: increasing the band width and/or decreasing
the TE, parallel imaging, decreasing the voxel size, or
lengthening the echo train length.

2.4.5 Truncation Artefacts
Truncation artefacts may occur at interfaces between
high and low signal intensity structures and appear
as rings at boundaries such as bone–tissue interfaces.
This artefact is related to the finite number of steps
used by the Fourier transform to reconstruct an
image and is reduced by utilising more frequency
encoding steps.

Fig. 5 T2 FSE axial image which shows several areas of flow
artefact which manifests as ghosting of the vessels perpendic-
ular to the blood flow in the direction of the phase-encoding
gradient (white arrows)

Fig. 6 Chemical shift artefact—Coronal image of the wrist
which shows chemical shift artefact between the capitate and
hamate. This occurs in the direction of the frequency encoding
gradient and manifests as a low signal intensity band adjacent
to the subchondral plate of the capitate (appearing as a
thickened subchondral plate) (white arrowheads) and a corre-
sponding high intensity band along the subchondral bone of the
opposing articular surface of the hamate (black arrowheads).
The effect is to give an apparent asymmetry to the thickness of
the articular cartilage on the two surfaces
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2.4.6 Magic Angle Effect
Magic angle effect may be seen in any structure con-
taining collagen fibres and is seen as a result of the
dipole interaction between the applied external
magnetic field (Bo) and the collagen fibres. This effect
results in regions of artefactually increased signal
intensity within the structure being imaged on short
TE (T1 and proton density) sequences. The phenom-
enon is maximised when the relative angular orienta-
tion of the collagen fibres to the static magnetic field is
approximately 55 degrees. Tendons, hyaline cartilage
and menisci may all be affected by the magic angle
effect which should not be misinterpreted as tendino-
pathic change or tearing (Fig. 8). Repositioning of the
patient in a different orientation to the applied mag-
netic field or by using sequences with a long echo time
(T2-weighted sequences) will eliminate the artefact.
When magic angle effect is suspected it is useful to
compare the short TE images with the same area on T2
weighted imaging.

2.4.7 Aliasing or Wraparound Artefact
Aliasing or wraparound artefact is seen where an
image of tissue from outside the field-of-view (FOV)
appears superimposed on images of the area of
interest. This may be from a different body part
positioned adjacent to the area of interest or the result
of parts of the hand or wrist outside the field-of-view
being superimposed on the area of interest (Fig. 9).
The former is most usually seen when the hand or
wrist is positioned by the side of the patient while the
latter is particularly common with the small FOV
imaging usually employed in hand and wrist imaging.
In this case, images of adjacent body parts may be
superimposed on the FOV. In both cases the resultant
image resembles a double exposure photograph.

All frequency related artefacts are more pronounced
at 3T imaging compared with 1.5T imaging (Barth
et al. 2007). This includes metal related signal voids
and other types of susceptibility artefact related to
hemosiderin deposition and at air tissue interfaces as
well chemical shift artefact. However, at 3T imaging
the increased SNR can be employed to compensate for
these artefacts more effectively whilst still maintaining
a high degree of spatial resolution.

3 Imaging Findings

3.1 Osseous Structures

T1 weighted images demonstrate osseous anatomy
well and are particularly useful for the detection of
fracture lines and bone marrow oedema (appearing as a
low signal change within the medullary cavity).
However, fat suppressed T2 imaging is also sensitive to
marrow signal change [seen as increased (fluid) signal]
although anatomical definition may be less clearly
shown. In cases of non-specific wrist pain, focal bone
oedema has been shown to be present in approximately
one-third of all cases on MR imaging (Alam et al.
1999); in this study, the causes demonstrated included
arthritis, fracture and avascular necrosis.

MR imaging has been proven to be useful post
trauma in the context of negative radiographs with
particular reference to identifying occult scaphoid
fractures (Breitenseher et al. 1997; Hunter et al.
1997). Early confirmation of the diagnosis is possible

Fig. 7 Susceptibility artefact—Coronal image of the wrist
joint in a patient who had previously undergone scapholunate
ligament repair. A low signal area is seen in the region of the
repair secondary to susceptibility artefact arising from a
metallic anchor
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with MR imaging as opposed to the previously
accepted method of repeating plain radiographs
7–10 days following the initial presentation. MR
imaging is also useful for demonstrating the early

stages of avascular necrosis when plain film images
appear normal. This is most commonly seen follow-
ing fracture to the scaphoid in association with
non-union. An indicator of developing non-union is
sclerosis around the fracture site without evidence of
bridging bone. In the advanced stages of the condition
findings also include articular surface collapse and
fragmentation of the involved bone. Gadolinium
sequences are used to assess for the presence of
vascularity within the scaphoid where there is concern
for avascular necrosis—in this case T1 weighted
images show uniform low signal within a necrotic
segment and there is no enhancement in a non-viable
segment following administration of IV gadolinium.

3.2 Tendons

The extensor tendons situated on the volar aspect of the
wrist are divided into six numbered compartments by
vertical septae and the extensor retinaculum (Table 1).
On the volar aspect of the wrist the eight digital flexor
tendons are divided into superficial and deep groups
which—along with the flexor pollicis longus tendon
which inserts into the distal phalanx of the thumb, pass
through the carpal tunnel. The digital flexors share a

Fig. 8 a T1 axial image of the hand distal to the carpal tunnel.
There is low signal change seen within the Flexor Pollicis
Longus tendon due to magic angle phenomenon (arrow).b axial

image of the same patient but with altered parameters—this
sequence has a long TE value and the magic angle phenomenon
is abolished (arrow)

Fig. 9 Wraparound artefact—Superimposed ghosting of the
splaying flexor tendons is seen at the periphery of the image as
a result of wraparound artefact. In addition, there is a ghost
image of the thumb to the left of the image
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common flexor tendon sheath apart from the flexor
pollicis longus which has its own sheath. At the level
of the carpal tunnel the flexor digitorum superficialis
(FDS) tendons lie superficial to the flexor digitorum
profundus (FDP) tendons. Each superficial tendon
then splits at the level of the proximal phalanx passing
either side of the profundus tendon to insert into the
middle phalanx. The flexor digitorum profundus
continues to insert onto the distal phalanx.

The flexor and extensor tendons of the hand and
wrist are best evaluated in an axial plane; normal
tendons should appear as homogenously low signal
structures regardless of the imaging sequence used
(Fig. 10). Both proton density and T2 weighted
sequences in the axial plane are usually sufficient
to assess the intrinsic signal characteristics of the
tendons and assess for any surrounding fluid. The
tendons are susceptible to magic angle effect and the
T2 sequence is helpful to rule this out where high
signal is seen in tendons on the shorter TE sequence
(Fig. 8). A small amount of fluid may be seen within
the tendon sheath in normal asymptomatic patients
and when seen warrants careful correlation with
clinical findings before it is reported as abnormal.
Tendinopathy is characterised by high signal change
within the tendon. The tendon is frequently also
thickened. Tenosynovitis is characterised by cir-
cumferential high signal fluid within the tendon
sheath (Fig. 11). The tendons which are most fre-
quently affected by tendinosis are those of the first
and sixth extensor compartments, namely the
abductor pollicis longus and the extensor pollicis
brevis (involved in De Quervain’s tenosynovitis) and
the extensor carpi ulnaris respectively. The latter is
particularly frequently affected in rheumatoid arthri-
tis. De Quervain’s tenosynovitis is typically associ-
ated with thickening of the tendons themselves. In
the acute phase fluid may be seen in the tendon

sheath but in the chronic situation thickening of the
soft tissue around the compartment (the extensor
retinaculum) will be seen. Tenosynovitis of the dig-
ital flexors is commonly related to chronic injury,
repetitive microtrauma and inflammatory arthropa-
thy. Flexor tendon tenosynovitis is a common cause
of carpal tunnel syndrome due to the close anatom-
ical proximity of these tendons to the median nerve.

Coronal sequences of the flexor and extensor
tendons are rarely useful owing to partial volume
effects which occur in this plane. Sagittal sequences
are of most value when assessing abnormalities of the
finger flexor and extensor tendons.

3.3 Triangular Fibrocartilage Complex

The TFCC is a fibrocartilage ligament complex
which overlies the distal ulna and is not only an
important stabiliser of the distal radioulnar joint but
also acts as a soft tissue cushion between the distal
ulna and the carpus. This complex comprises five
components: the triangular fibrocartilage, dorsal and
volar radioulnar ligaments, ulnolunate and ulnotri-
quetral ligaments, the meniscal homologue and the
extensor carpi ulnaris (ECU) tendon sheath (Fig. 12).
The thickness of the TFCC varies from 2 to 5 mm
and depends upon the configuration of the joint
space—negative ulnar variance will lead to a thicker
TFCC and conversely positive variance will lead to

Table 1 Extensor tendon compartments

I Abductor pollicis longus, Extensor pollicis brevis

II Extensor carpi radialis longus, Extensor carpi radialis
brevis

III Extensor pollicis longus

IV Extensor digitorum longus

V Extensor digiti minimi

VI Extensor carpi ulnaris

Fig. 10 Axial normal wrist—Axial PD image of the wrist. The
tendons appears as homogenously low signal oval structures.
The six extensor compartments are labelled on the volar aspect
of the wrist. Listers tubercle (asterix) is a useful landmark on
the distal radius which separates compartments II and III
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a thinner structure. Its radial attachment is to the
articular cartilage of the sigmoid notch of the radius.
There are two distinct ulnar attachments, the first to
the ulnar fovea at the styloid base and the second
to the styloid process of the ulnar. Separating these
two areas of insertion is an area of connective tissue
known as the ligamentum subcruentum (Nakamura
et al. 1996). The blood supply to the TFCC comes
from three sources: the ulnar artery and both the
palmar and dorsal branches of the anterior interos-
seous artery. These vessels penetrate the peripheral
aspect of the TFCC however the central and radial
portions are avascular. Consequently, the peripheral
portion has the potential to heal following repair
whereas the central and radial portions do not.

Assessment of the integrity, thickness and signal
characteristics of the TFCC is optimal in the coronal
plane where the articular disc, the meniscal homo-
logue, triangular ligament and ulnotriquetral liga-
ment are all well visualised. The dual attachment of
the TFCC to the ulnar is also best appreciated in this
plane, where insertion into both the ulnar styloid tip
and the fovea are seen. It is important not to mistake
this bifid attachment for a tear. In addition the axial
plane will better demonstrate the volar and dorsal
radioulnar ligaments. The sagittal plane is also
useful in visualising the ulnar foveal attachment
(Amrami and Felmlee 2008).

The articular disc of the TFCC is seen on high reso-
lution MR imaging as a low to intermediate signal

intensity band with slightly higher signal characteristics
seen within the ulnar attachment on proton density and
T2 star weighted images. Perforations or tears of the
TFCC structure are seen as discrete areas of high signal
intensity coursing through the substance of the articular
disc. Degenerative change will manifest as an area of
high signal intensity within the articular disc but without
extension to the articular surface (Fig. 13). The radial
attachment of the triangular fibrocartilage is onto hyaline
cartilage and on conventional MRI this will appear as
relatively high signal between the cortical bone and
fibrocartilage, an important pitfall when diagnosing
radial attachment tears.

Several studies have confirmed the role of MR
imaging in diagnosing TFCC pathology. However,
the performance of standard MRI in the diagnostic
work-up of TFCC tears is highly dependent upon the
location of the lesion. Studies have demonstrated that
for central and radial sided TFCC tears sensitivity
and specificity is in the region of 90 % when com-
pared with arthroscopy. However, for peripheral
attachment tears sensitivity and specificity are much
lower. The relatively low yield of MRI for peripheral
tears is primarily attributed to the false positive
results induced by the high signal of the ligamentum

Fig. 11 Tenosynovitis—Axial T1W imaging post gadolinium
administration in a patient with rheumatoid arthritis shows
circumferential enhancing soft tissue within the flexor tendon
sheath of the little, middle and index fingers separating the deep
and superficial flexor tendons and representing tenosynovitis. In
addition, there is marked enhancing synovitis seen thumb MCP
joint (arrowheads)

Fig. 12 Normal TFCC anatomy—coronal T2 FS image shows
a normal TFCC. The bifid ulnar attachment (white arrows) may
be seen here as well as the radial attachment. At the radial
attachment hyaline cartilage is seen interposed between the
TFCC and the bone (black arrow)—this appearance should not
be misinterpreted as a TFCC tear. In this case, there is a tear of
the scapholunate ligament with consequent widening of the
scapho-lunate distance (arrowheads)
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subcruentum on T2-weighted sequences along with
the abnormal signal that may stem from degenerative
changes of fibrocartilage. Tears affecting the central
portion of the articular disc are generally felt to have
a degenerative aetiology and are often asymptomatic.
Asymptomatic perforations are a frequent finding in
the triangular fibrocartilage even in young patients,
one study reporting 51 % of asymptomatic wrists
showing perforations (Brown et al. 1994). Peripheral
tears tend to be traumatic in nature, often symptom-
atic and necessitate surgical intervention.

In view of the limitations of conventional MRI,
MR arthrography is frequently advocated as the
investigation of choice for the assessment of TFCC
injury (Fig. 14). Proponents of conventional MRI
suggest the use of 3D volumetric acquired gradient
recalled sequences for evaluating the TFCC and
have shown sensitivity of 100 %, specificity of 90 %
and an accuracy of 97 % when using arthroscopy as
the gold standard (Potter et al. 1997).

3.4 Ligaments

3.4.1 The Intrinsic Ligaments
The intrinsic ligaments of the wrist are crucial to the
intrinsic stability of the joint. These ligaments pass
between the carpal bones without attachment to
the radius or ulnar. The scapholunate ligament and the
lunotriquetral ligament are clinically the most
important and imaging is often integral in determining
the extent of pathology related to these structures.
The two ligaments are responsible for the stabilisation
of the bones of the proximal carpal row and their
disruption is an important component of dissociative
carpal instability. Both the ligaments have three
distinct components, namely the dorsal, volar and
proximal. The scapholunate ligament is C shaped
whereas the lunotriquetral ligament appears V shaped.
The proximal portions of both these ligaments are thin
fibrocartilaginous membranes with no stabilizing role.
However, the fibrous volar and dorsal components act
as true ligaments preventing independent flexion and
extension of the proximal carpal bones so the entire
unit at as an intercalated segment (Fig. 15).

Fig. 13 Degenerative TFCC—PD FS coronal image shows.
This case shows a patient with ulnar lunate abutment syndrome.
There is bone oedema seen with the proximal aspect of the
lunate (white arrow) and diffuse intrinsic high signal is seen
within the radial central portion of the TFCC representing
degenerative change within the fibrocartilage (arrowhead).
This high signal does not extend to the articular surface and
should not be misinterpreted as a tear

Fig. 14 Full thickness TFC tear. Coronal T1 fat suppressed
image from MR arthrogram. Iodinated contrast injected into the
radiocarpal joint at the time of the arthrogram was seen on
fluoroscopy to pass into the distal radioulnar joint so only a
single injection was undertaken. MRI shows the full thickness
perforation through the triangular fibrocartilage (arrow) repre-
senting a full thickness tear and the passage through which
contrast has passed between the two compartments. This is
traumatic Palmer type 1A tear
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Although scapholunate ligament injuries are usually
assessed on conventional radiographic imaging in the
first instance, MR imaging, and particularly MR
arthrography plays an increasingly important role
in diagnosing injuries of the intrinsic ligaments.

Conventional radiographs will only show abnormality
where there is either an increased scapholunate gap or
alteration in alignment between bones of the proximal
carpal row.

Both CT and MR arthrography are more sensitive
than standard MR imaging in the detection of
scapholunate tears, particularly for more subtle inju-
ries (Cerezal et al. 2005). The use of MR arthrography
may allow more accurate delineation of the exact
location of a tear allowing differentiation between
lesions which are degenerate in nature and predomi-
nantly affecting the membranous portion of the liga-
ment from acute injuries which involve either or both
of the dorsal or volar components.

3.4.2 The Extrinsic Ligaments
The extrinsic ligaments are classified as either volar or
dorsal; the volar ligaments are considered to be
important stabilisers of the wrist whereas the dorsal
ligaments are thought to be less crucial for stability
(Theumann et al. 2003). The volar ligaments on the
radial aspect of the wrist comprise the radioscapho-
capitate, the radiolunatotriquetral and the radioscaph-
olunate ligaments. On the ulnar aspect of the wrist there
are two main volar ligaments which also form part of
the triangulofibrocartilage (TFCC) complex, namely
the ulnolunate and the ulnotriquetral ligaments. On the
dorsal aspect of the wrist the extrinsic ligaments form a
V shape centred over the dorsal aspect of the trique-
trum. These ligaments are areas of focal thickening
within the joint capsule and are often difficult to visu-
alise with both MR and MR arthrography (Fig. 16).

Fig. 15 Normal Intrinsic
ligaments—T2 FS coronal
image of the wrist shows both
the scapholunate (white
arrow) and lunate-triquetral
(black arrow) ligaments

Fig. 16 Normal Extrinsic Ligaments. Coronal image from an
arthrographic study shows part of the radioscapholunate and
radioscaphocapitate extrinsic ligaments on the volar aspect of
the wrist

48 E. L. Rowbotham and A. J. Grainger



An avulsion injury of these extrinsic ligaments from
their triquetral attachment is the cause of the triquetral
fracture best appreciated on a lateral wrist radiograph.

3.4.3 The Ulnar Collateral Ligament
of the Thumb

The Ulnar Collateral Ligament of the Thumb is also
generally assessed with MRI, although ultrasound can
also usefully image this frequently injured ligament.
Overlying the normal ligament a thin adductor
aponeurosis is identified (Fig. 17a, b). The ulnar
collateral ligament stabilises the thumb metacarpo-
phalangeal joint against radial deviation and its injury
is frequently termed gamekeepers skiers thumb. When
torn the adductor aponeurosis may interpose itself
between the torn ends of the ligament, known as a
Stener lesion, preventing healing without intervention.
Failure of the torn ligament to heal results in instability
and ultimately early osteoarthritis at the joint.

3.5 Hyaline Cartilage

Despite their marked clinical impact, cartilage lesions
of the radiocarpal and intercarpal joints are frequently
underestimated with MRI and MR arthrography
possibly due to their small and subtle nature. High
spatial resolution and tissue contrast is needed to
detect these subtle changes. At 3T, the SNR is

sufficient but interpretation is complicated by the
increased chemical shift artefact at the articular car-
tilage–bone interface (Fig. 6). Arthroscopy has been
shown to be superior to both these imaging methods in
the assessment of cartilage damage (Mutimer et al.
2008).

Much of the work regarding cartilage assessment
has focussed on imaging of the knee. Various different
protocols have been evaluated in this context includ-
ing fat suppressed 3D spoiled GE, fast SE and direct
arthrography (Gold et al. 2003). Three-dimensional
GE are useful in cartilage evaluation as a high signal-
to-noise ratio is afforded and allows thin slices to be
produced, in addition the image may be reconstructed
in different planes. These properties have not been
shown to easily transfer to imaging of the cartilage
within the wrist (Haims et al. 2004). This is thought in
part to be due to the thickness of the cartilage at the
wrist as well as the other potential difficulties with
wrist imaging such as field inhomogeneity and patient
movement. Therefore, an optimum method for carti-
lage evaluation at the wrist remains elusive at present.

4 MR Arthrography

MR arthrography is primarily indicated for the
following suspected pathologies:
• Triangular fibrocartilage complex tears
• Scapho-lunate or lunate-triquetral ligament tears

Fig. 17 Ulnar collateral
ligament of the thumb—a and
b shows axial and coronal
imaging of a normal UCL in
the thumb. Both the ulnar
collateral ligament (white
arrow) itself and the
overlying adductor
aponeurosis are shown
(arrowheads)
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• Suspected cartilage damage/intra-articular body
Communication, and therefore passage of contrast,

between the radiocarpal joint and other compartments
has been described in asymptomatic patients and
findings therefore need to be carefully correlated with
the clinical situation. A communication between the
radiocarpal and midcarpal compartments has been
described in 13–47 % of the population and between
the radiocarpal and distal radioulnar compartments in
7–35 % of the population (Manaster 1991; Wilson
et al. 1991; Cantor et al. 1994).

4.1 Protocols

As is the case with standard MR, imaging protocols for
arthrographic imaging will vary between institutions.
However, T1 weighted imaging will form the basis of
the study showing the gadolinium arthrographic
contrast as high signal. While T1 fat suppressed
imaging has advantages in increasing contrast and also
clarifying high signal due to contrast as opposed to fat,
it is important to include at least one T1 weighted
sequence without fat suppression for bony detail. It is
also helpful to include a water sensitive (T2 fat
suppressed) sequence to look for soft tissue pathology
outside the joint itself and also for demonstrating
oedematous change in bone marrow. The authors
employ this sequence in the coronal plane.

4.2 Injection of Contrast

Since the first description of wrist arthrography by
Kessler and Silberman (1961), many different meth-
ods, protocols and injection techniques have been
described. Intra-articular injection of contrast material
for the purposes of performing an MR arthrogram is
usually performed under fluoroscopic guidance,
although ultrasound guided injection may be used. The
advantage of using fluoroscopic guidance is that a
dynamic assessment for carpal instability can be made
at the same time, and also fluoroscopic screening
during contrast injection may demonstrate passage of
contrast into adjacent compartments through ligament
or fibrocartilage tears.

Single, double and triple compartment injection
techniques have been described (Cerezal et al. 2005;
Malfair 2008). The single compartment technique
involves injection into the radiocarpal joint usually via

a dorsal approach. However, a lateral approach has also
been described (Medverd et al. 2011). Because of the
dorsal lip which overlies the radiocarpal joint on an AP
image slight proximal angulation of the image inten-
sifier will allow improved visualisation of the joint.

When investigating possible TFCC injury a double
compartment technique is useful with a second injec-
tion into the DRUJ to outline the proximal (under-
surface) of the triangular fibrocartilage (Fig. 18). This
technique is useful for demonstrating partial ulnar
attachment tears which are frequently non-communi-
cating and may only be seen at the proximal attach-
ment which may not be visible when contrast is only
injected into the radiocarpal joint (Ruegger et al. 2007;
Burns et al. 2011).

In the normal situation intact scapholunate and
lunatetriquetral ligaments should prevent flow of
contrast passage of contrast into the midcarpal joint
from the radiocarpal joint and such passage will
indicate a perforation or tear (which may be asymp-
tomatic) through one of these ligaments. Conven-
tional arthrographic studies have indicated that flow

Fig. 18 Undersurface Flap tear of the TFCC—In this case the
DRUJ was injected with contrast as well as the radiocarpal
joint. This coronal image shows a partial thickness undersur-
face tear of the TFCC (white arrow) outlined by contrast
injected into the DRUJ. This tear may not have been
appreciated with a single radiocarpal joint injection
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may be one way through tears in these ligaments and
there may be an advantage to injecting the midcarpal
joint (Levinsohn et al. 1987, 1991; Wilson et al.
1991). However, with the direct visualisation of the
intrinsic ligaments afforded by MRI it is not clear that
a midcarpal joint injection offers any advantages
when arthrography is combined with MRI.

4.3 Artefacts

Besides artefacts seen using conventional MRI and
described in 2.4 there are additional artefacts which
need to be considered in arthrography. These primarily
relate to the injectate and injection technique. Injected
air bubbles may mimic intra-articular bodies and care
should be taken to eliminate any air bubbles from the
injected system wherever possible. Injectate or local
anaesthetic which has been inadvertently injected into
muscle or surrounding soft tissue may be confused for
oedematous change or contusion.

4.4 Indirect Arthrography

Indirect arthrography is also advocated to improve the
diagnostic accuracy of standard MR sequences and is
considered less invasive than direct arthrography. In
this technique, intravenous contrast diffuses into the
joint in a concentration high enough that an arthro-
graphic effect may be achieved on T1 weighted
images, although clearly the joint is not distended as
with direct arthrography. Studies have reported the
increased sensitivity in evaluation of the scapholunate
ligament using indirect arthrography when compared
with unenhanced MRI of the wrist but this has not
been shown to be the case in evaluation of the
lunatetriquetral ligament (Haims et al. 2003).

4.5 Alternative Modalities

Other imaging modalities should also of course be
considered and recent studies have shown Multidetector
CT (MDCT) arthrography to be more accurate than both
1.5T MR imaging and MR arthrography for the detec-
tion of partial tears of the scapholunate and lunatotri-
quetral ligaments (Schmid et al. 2005; Moser et al.
2007). CT arthrography offers advantages in terms of
spatial resolution despite the absence of soft tissue
contrast. An extremely small pilot study has shown

similar performance for direct MR arthrography and CT
arthrography for the depiction of the triangular fibro-
cartilage although no attempt was made to evaluate the
accuracy of these techniques for diagnosing tears
(Omlor et al. 2009).

5 7T Imaging

7T imaging is a technique which is potentially
particularly useful in the hand and wrist owing to its
superior signal to noise ratio which allows higher spa-
tial resolution; a quality which would allow even more
detailed imaging of the fine anatomical structures of the
hand and wrist, particularly the TFCC, intrinsic liga-
ments and articular cartilage. At present, this technique
is limited to research purposes and presents many
technical difficulties. These include the need for spec-
ialised RF coils which are currently not commercially
widely available and the increasing chemical shift
artefact encountered with increasing field strength. A
potential future direction will be the opportunities 7T
imaging offers for enhancing biological imaging tech-
niques such as spectroscopy, sodium imaging and
delayed gadolinium-enhanced MRI of cartilage
(dGEMRIC) which will benefit significantly from the
signal-to-noise gains at increased field strengths with
particular advantages when applied to the smaller
structures of the hand and wrist.
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Abstract

Nuclear medicine techniques continue to play a
role in the diagnosis and management of hand, and
wrist disorders, despite the advent of other cross-
sectional imaging techniques such as MRI and CT.
This chapter reviews the techniques available,
concentrating on specific applications in the hand
and wrist.

1 Introduction

Nuclear medicine techniques continue to play a role
in the diagnosis and management of hand, and wrist
disorders, despite the advent of other cross-sectional
imaging techniques such as MRI and CT. This chapter
reviews the techniques available, concentrating on
specific applications in the hand and wrist.

The anatomy of the wrist is complex and the
diagnosis, and management of hand and wrist injuries
is difficult and challenging. In general, radiological
techniques such as plain X-rays, computed tomogra-
phy (CT), magnetic resonance imaging (MRI), and
ultrasound (US) form the basis of investigations, but
additional information may be provided with bone
scintigraphy.

Two phase radionuclide bone scanning with
99 mTc-MDP (Technetium 99 m labelled methylene
diphosphonate) or 99 mTc-HDP (Technetium 99 m
labelled hydroxymethylene diphosphonate) is repor-
ted to be useful in imaging the hand and wrist, in both
acute and chronic conditions. Bone scintigraphy is
sensitive for the detection and diagnosis of occult
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fractures, malunion, and osteonecrosis. In centres
where the availability of MRI or CT is limited,
radionuclide bone scanning has a correspondingly
increased role to play. The advantage of a radionu-
clide bone scan is its high sensitivity; however, its
specificity is relatively low (78%). A significant
problem with bone scintigraphy is the accurate
localization and characterization of lesions which can
be difficult due to the relatively low spatial resolution
of the technique (Hawkes et al. 1991; Mohamed et al.
1997). This is particularly true in the wrist where the
small carpal bones lie close together, and new tech-
niques are evolving to better localize areas of
increased tracer uptake.

2 Techniques

2.1 Bone Scintigraphy

The most common nuclear medicine technique used
for assessing the hand and wrist is bone scintigraphy,
making use of 99 mTc-MDP or similar compound.
This compound binds to bone matrix by poorly
understood mechanisms and emits gamma rays which
can be detected by gamma cameras. A typical
radiation dose following injection of 400 MBq
99 mTc-MDP would be 2.3 mSv. Typical amounts of
activity administered to adults undergoing bone
scintigraphy are in the order of 555–750 MBq.

When imaging the hand and wrist, injection of the
isotope should be undertaken in the contralateral arm
to that being examined or ideally into the foot, so a
direct comparison between the two upper limbs can
be made.

A two-phase bone scan is generally undertaken
with an early blood pool phase (at approximately
5 min) obtained to provide information relating to the
vascular and extra-vascular distribution of the radio-
pharmaceutical. This gives an indication of vascu-
larity. Subsequently bone uptake is assessed 3–4 h
following injection. Here uptake will relate to the
level of bone turnover (Fig. 1).

Generally, both hands/wrists are imaged,
enabling comparison between the two sides to be
made. The hand and wrists are positioned sym-
metrically, with the palms facing down on the
gamma camera.

2.2 Conventional 2 Phase Bone Scan
With X-ray Registration

Wrist registration scintigraphy is used as a method to
overcome the inherent low spatial resolution of the
bone scan by co-registration with a radiograph (Fig. 2)
(Hawkes et al. 1991; Mohamed et al. 1997). The
addition of registration of the bone scan with X-ray
has been shown to improve the localization of lesions
to individual bones or joints (Hawkes et al. 1991;
Mohamed et al. 1997; Vande Streek et al. 1998;
Wraight et al. 1997). The techniques employed for X-
ray registration of bone scans vary and are relatively
cumbersome. This may involve the production of a
custom cast with metallic markers and corresponding
radioisotope markers. The hand is placed in the cast

Fig. 1 Normal two-phase bone scintigraphy with a early
(vascular) and b late phases. Note the poor spatial resolution of
the study
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for conventional radiography and scintigraphy, and
the two images are registered by means of the markers.

2.3 Multislice SPECT/CT

The integration of SPECT and CT provides precise
localization and may enable characterization of abnor-
malities, identified on planar or SPECT imaging by
providing additional structural information from CT.

The wrist multislice SPECT/CT offers the
advantage of distinguishing individual carpal bones
unlike conventional bone scans, which traditionally
do not have sufficient spatial resolution to localize and
characterize the site of abnormality, accurately.

The principle of SPECT/CT is to integrate/fuse
SPECT and CT images accurately, and provide precise
localization and characterization of metabolically active
abnormalities, identified either on a planar or SPECT
imaging by providing structural information from CT.

2.3.1 SPECT/CT Imaging Protocol
Dual-phase bone scans are obtained following injec-
tion of 750 MBq 99 m Tc-MDP, followed by CT, and
finally SPECT imaging.

2.3.1.1 Two Phase Planar Wrist Scintigraphy

Following injection, both hands are positioned (palm
down) on the camera face and static image for 5 min
are acquired using a 256 9 256 matrix. Delayed
imaging is performed at 3–4 h post injection with both
the hands placed on the camera face, palms down, and
static images in the anterior position are acquired.

2.3.1.2 Patient Positioning for SPECT/CT

The patient lies prone with one or both arms stretched
out above their head towards the centre of the couch
(Superman position). It is important to get the patient
as comfortable, as possible. Supporting polycarbonate
blocks are placed under the hands and wrists, which
are taped firmly to the blocks. If needed, pillows or
foam blocks are placed under the arms to provide
further support. The patient’s head is turned towards
one side, so that they lie as flat as possible, allowing
minimal distance from the gamma head.

2.3.1.3 CT Imaging

Once the patient is comfortably placed in the required
position, a scout view is carried out to define the CT
field. A low dose CT is used for both hands. Locali-
zation CT is then carried out with voltage settings of
120 keV, current setting of 100 mAs/slice, with slice
thickness of 1.5 mm and increment of 0.75 mm. (CT
imaging takes approximately 40–60 s).

For single wrist, a diagnostic CT is carried out
using the following setting of 140 keV, 150 mAs/
slice, slice thickness of 0.8 mm and increment of
0.4 mm. Diagnostic CT of a single wrist is performed
because the single wrist is placed in the center of the
couch, and hence in the center of the FOV.

2.3.1.4 SPECT Imaging

Once the CT scan is completed, a SPECT study is
performed using the following parameters; Low
energy high-resolution, parallel hole collimator,
number of projections; 128 with 20 s time per

Fig. 2 Avascular necrosis
of lunate: a registered bone
scan and b X-ray of the hand:
The region of interest is
drawn around the intense
bone scan lesion, and the
tracer uptake is located in the
region of the metabolically
active avascular necrosis of
lunate bone
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projection and matrix size equivalent to 128 9 128.
The SPECT procedure is the same for both wrists, as
well as for single wrist.

2.3.1.5 Image Processing

The raw data from the SPECT study is processed
and transaxial slices are co-registered with the CT
(Fig. 3).

2.4 Other Nuclear Medicine Techniques

Although 99 mTc-MDP scintigraphy is the common
nuclear medicine investigation undertaken for the
hand and wrist, other techniques exist. These include
the use of labelled leucocytes for the investigation of
infection. 111In-Chloride and 67Ga-Citrate have also
been used as markers for inflammation. However, not
commonly used for the evaluation of the peripheral
small joints (Tumeh 1996).

Labelled antibodies can be used in the investigation
of arthritis. Techniques include the labelling of human
polyclonal immunoglobulin G (IgG) with 111In or
99 mTc, or labelled anti-E-selectin monoclonal

antibody (Tumeh 1996; Jamar et al. 1995, 1997). More
recently it has been shown possible to label anti-TNF
monoclonal antibodies with 99 mTc, demonstrating
activity in synovitis in patients with rheumatoid
arthritis which shows a close relationship to disease
activity (Barrera et al. 2003).

Currently, increasing roles for the use of 18F-
fluorodeoxyglucose positron emission tomography
(FDG-PET) are being found in nuclear medicine.
Although specific clinical applications for the tech-
nique in the hand and wrist are yet to evolve, there is
evidence that disease activity of rheumatoid arthritis
can be assessed using the FDG-PET scanning of the
wrist (Palmer et al. 1995).

3 Clinical Applications

3.1 Acute Fractures

Radionuclide bone scintigraphy is highly sensitive in
the assessment of carpal fractures when radiographs
are normal in the clinical context of trauma. Fractures
of any of the carpal bones may be detected, although

Fig. 3 Triquetral fracture: on
dual-phase planar bone scan,
there is increased blood pool
(a) and increased tracer
uptake (b) in the carpal bones
on the ulnar side of the left
hand. On the SPECT/CT
images, the tracer uptake
localizes to the triquetral
fragment (fracture), and
triquetral-Pisiform
articulation (c–e)
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scaphoid fractures are the most common (Maurer
1991; Patel et al. 1992) (Figs. 3, 4 and 5). In general,
radionuclide wrist registration with X-ray combines
the sensitivity of scintigraphy to detect fractures, with
a rapid and inexpensive method to aid fracture
localization. Such registration techniques have been
shown to improve reporter confidence and influence
management (Mohamed et al. 1997; Wraight et al.
1997). When assessing fractures, it is suggested that
scintigraphy is more reliable if delayed at least 48 h
following trauma (Rolfe et al. 1981). However, in
practical terms most wrist and hand fractures are hot
essentially immediately. Importantly, scintigraphic
uptake often precedes radiological changes in occult
fractures, the latter may still be equivocal at
2–3 weeks (Dias et al. 1990). A recent study by
Groves evaluated the use of 16 slicemultislice CT
versus skeletal scintigraphy in suspected scaphoid
injuries. They recorded 23 scintigraphically positive
bone scans for fracture with only 16 fractures visible
on CT the same day (Groves et al. 2005a, b). In their
study, all patients with discordant CT findings had
significantly lower MDP uptake to background
activity ratios, than those with CT proven fracture.
They postulate that the scintigraphic findings of
fracture may be mimicked by bone bruising (micro-
fractures of the trabeculae) and this should be con-
sidered when reporting. Such trabecular bone injury
does not have the same deleterious sequelae seen with
fractures, such as avascular necrosis.

SPECT/CT may be helpful in the assessment of
complicated fractures, where the injury may be rela-
tively difficult to localize and characterize (Figs. 3
and 6). SPECT/CT scanning has a further advantage
that it can be performed in a single sitting, providing
early, and accurate diagnosis.

3.2 Fractures of Uncertain Age

The most common carpal fracture is that of the sca-
phoid. It is also the most common fracture to be
misdiagnosed as a simple sprain and may become
surprisingly pain free despite absence of union in the
fracture. A number of such non-unions will later
present with secondary degenerative arthritis. The
wrist may then become symptomatic after an acute
re-injury. A relatively common diagnostic problem is
establishing why there is now persistent pain,

particularly if only the non-union is visible on the
radiograph, without obvious degenerative change. In
these situations, the choice may be to undertake MRI
or even wrist arthroscopy, to establish whether or not
there has been a loss of articular cartilage at the radio-
scaphoid facet. This will help determine whether
surgical treatment of the non-union is likely to
improve the patient’s symptoms. SPECT/CT may also
clarify this in a non-invasive manner, at the same
time, identifying any other carpal fracture, which may
be difficult to localize on the conventional planar bone
scan.

Fig. 4 Scaphoid fracture: a early and b delayed phase
scanning, shows intense uptake in the scaphoid at the site of
fracture. Courtesy of Dr. R. Bury, Department of Radiology,
Leeds Teaching Hospitals, Leeds, UK
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3.3 Arthritis

3.3.1 Osteoarthritis
While bone scanning alone is sensitive, its lack of
resolution may prevent precise localization of arthritic
change. Furthermore, its inherent lack of specificity
means it has a limited role in the diagnosis and
management of the disease. Bone scintigraphy is not a
routine investigation in osteoarthritis (OA), but it
should be recognized that the condition is a cause of
increased radiopharmaceutical uptake, which may be
important when interpreting studies undertaken for
other indications. OA is a common condition which

may be frequently encountered either as a primary
disease process, typically affecting the proximal and
distal interphalangeal joints and thumb base (first
carpometacarpal and scaphoid–trapezial–trapezoid
(STT) joints) or as a secondary condition, such as may
be seen in the wrist as a consequence of trauma. The
improved localization and characterisation of SPECT/
CT, pin points the site of uptake and may help in
clarifying the cause of uptake by localizing the dis-
ease process (Figs. 7 and 8).

3.3.2 Inflammatory Arthritis
The inflammatory arthritides are commonly associ-
ated with synovitis and show increased uptake on
both, the blood pool and delayed images of the dual-
phase bone scintigraph. The appearance of increased
activity is non-specific, but the distribution, for
instance wrist, MCP, and PIP joint involvement in
rheumatoid arthritis or DIP involvement in psoriatic
arthritis may be helpful in identifying the underlying
arthritis (Fig. 9). The accuracy of US and MRI in
identifying synovitis and erosions, in the hand and
wrist, means isolated hand and wrist scintigraphy has
only a minor role to play in investigating inflamma-
tory arthritis. However, whole-body scintigraphy may
still be undertaken (to include the hands and wrists) in
a technique to identify sites of inflammation
throughout the body. The technique of scintigraphy
may also be helpful in identifying a monoarthritis
from a polyarthritis, thereby changing the differential
diagnosis. As has been outlined in Sect. 2.4, other
nuclear medicine techniques have become available
for the assessment of inflammatory arthritis. Tech-
niques such as scanning with 111In-Chloride show
good specificity for the disease, and disease activity in
some joints, but uptake in the small joints of the hand
is relatively weak with lower accuracy, than was seen
in large joints (Sewell et al. 1993). Work using
labelled IgG found the intensity of uptake, correlates
well with clinical markers of inflammatory activity
(de Bois et al. 1992). This study showed no correla-
tion with radiographic measures of joint destruction.

Intraosseous cysts and erosions may be seen in
combination with arthritides, or degeneration. Such
processes may include intraosseous ganglion forma-
tion, typically within the lunate. Inflammatory change
associated with such bony lesions may be seen as
areas of increased uptake on the bone scan. The
findings on the bone scan are non-specific and may

Fig. 5 Radial Fracture. This patient with normal plain films
was suspected of having a scaphoid fracture. However, a early
and b delayed phase scanning shows intense uptake in the distal
radius representing a distal radius fracture. Courtesy of Dr.
R. Bury, Department of Radiology, Leeds Teaching Hospitals,
Leeds, UK
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include multiple differentials. However, with locali-
zation techniques such as SPECT/CT the area of
increased tracer uptake can be identified and charac-
terized on the CT component of the study (Fig. 10).

3.3.3 Infection
Early differentiation of soft tissue infection from
osteomyelitis is critical to ensure appropriate man-
agement. Osteomyelitis will commonly require a
protracted course of antibiotics and sometimes
debridement. Plain radiographic changes of osteo-
myelitis are often not present in early disease, and
scintigraphy can be used to determine bony involve-
ment. Typically, the bone scan is hyperaemic in the
blood pool and delayed-phase within 48–72 h of onset
(Maurer et al. 1981). Although an uncommon
appearance, a photon deficiency may also be appre-
ciated at a site of osteomyelitis (Barron and Dhekne
1984). The use of 111In labelled white cells or
67Ga-Citrate improves specificity for infection
assessment, but there is a corresponding increase in
radiation dose, and resolution is generally poorer. The
use of SPECT/CT aids localization and characteriza-
tion. SPECT/CT may be useful in differentiating soft

tissue and bone infection, and can be useful to assess
the extent of disease particularly when planning
debridement (Fig. 11).

3.3.4 Avascular Necrosis
Avascular necrosis is a serious and frequent complica-
tion of carpal fractures, especially of the scaphoid and
lunate. Idiopathic avascular necrosis may also be seen in
the carpal bones as in Keinboch’s disease, affecting the
lunate. Bone scintigraphy can be used to identify
established AVN. In its early stages, AVN may show a
photon deficiency and this may be seen at a stage where
the plain radiographs are unremarkable. With time, an
osteoblastic response develops in the bone leading to
increased uptake of tracer on delayed scanning (Fig. 2).
Typically, scintigraphy is undertaken in the subacute
phase by which time the hypervascular response
has occurred along with the osteoblastic response.
By this stage, changes may be evident on the conven-
tional radiographs. MRI will detect the changes at
both stages. In more advanced stages of avascular
necrosis, there may be involvement of other
carpal bones; with degenerative changes developing
in the mid-carpal joints (Bain and Begg 2006).

Fig. 6 Non-union scaphoid
fracture: The delayed phase
planar image shows, increased
tracer uptake within the lateral
aspect of the left wrist joint
(b) with very subtle, increased
blood on the early blood pool
images (a). On the SPECT/CT
images, the increased uptake
localizes to the non-united
fracture of the Scaphoid (c–e)
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The improved localization using SPECT/CT may
provide valuable information not only regarding
vascular supply, but also the degree of surrounding

secondary OA, when evaluating avascular necrosis of
the lunate, which we have found, can be used to guide
the hand surgeon to the most appropriate surgery.

Fig. 7 Degenerative first
carpo-metacarpal joint: Dual-
phase bone scan shows
increased vascularity (a) and
tracer uptake (b) in the distal
carpal bones of the radial side
of the wrist bilaterally. On
SPECT/CT images, the area
of increased uptake localises
to the first carpo-metacarpal
joint (c–e)

Fig. 8 Lunate-triquetral osteoarthritis: a planar scintigraphy
shows increased tracer uptake associated with the proximal
carpal row and b SPECT-CT identifies the site of activity as the
lunate-triquetral joint. Courtesy of Drs. R. Cooper and S.
Allwright, Department of Nuclear Medicine, Mater Hospital
and Dee Why Nuclear Medicine, Sydney, Australia

Fig. 9 Rheumatoid arthritis. Late-phase scintigram shows
uptake at the MCP joints on the right hand and both thumb
interphalangeal joints. The MCP involvement is typical for
rheumatoid arthritis
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3.3.5 Miscellaneous

3.3.5.1 Wrist Impaction Syndromes

There are a various causes for impaction syndromes
associated with ulnar-sided wrist pain with the com-
monest being the ulnar impaction syndrome (Cerezal
et al. 2002; Friedman and Palmer 1991). Less common
causes include conditions such as ulnar impingement
syndrome, ulnar styloid impaction syndrome, ulno-
carpal impaction, and hamatolunate impingement
syndrome. Ulnar impaction syndrome is also known as
ulnar abutment, and is reported to be a degenerative
condition characterized by ulnar wrist pain associated
with swelling, and limitation of movement across the
ulnar aspect of the wrist (Cerezal et al. 2002; Friedman
and Palmer 1991; Escobedo et al. 1995; Hodge et al.
1996; Imaeda et al. 1996). MRI is a useful investigation
to assess the structural abnormalities that contribute to
ulnocarpal instability and pain. Scintigraphy can be
useful to localize the site of intense metabolic activity
and guide MRI, but localization is most accurately

achieved using registration techniques such as CT/
SPECT.

3.3.5.2 Bone Tumours

Isolated peripheral skeletal metastases in the hand/
wrist are relatively unusual but may occur, particularly
from bronchogenic, thyroid, renal cell or malignant
melanoma primaries. Hypertrophic pulmonary osteo-
arthropathy (HPOA) may also be detected with bone
scintigraphy as increased uptake at the wrists.

Benign bone tumours include osteoid osteoma,
and one study would suggest around 8% of these
lesions occur in the hand and wrist (Cohen et al. 1983).
When these lesions do occur in this location they seem
to be most frequently seen in the proximal phalanges,
and metacarpals, with a relatively low incidence in the
intermediate and terminal phalanges and the carpal
bones (Carroll 1953). Bone scintigraphy will
classically show a double density sign with increased
uptake in the surrounding sclerotic bone, but very
intense uptake at the site of the nidus (Helms 1987).

Fig. 10 Lunate cyst with
degenerative disease. The
dual-phase planar imaging
shows increased tracer uptake
(b) in the distal ulnar region.
The early blood pool images
are unmarkable (a). On the
SPECT/CT image, the
increased tracer uptake is
localized to the lunate cyst
(c–e)
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Fig. 11 Septic arthritis and
osteomyelitis. The planar
images show increased blood
pool (a) and increased tracer
uptake around the distal
phalanx of the middle finger
(b). On the SPECT/CT
images the increased tracer
uptake localizes to the distal
inter-phalangeal joint of the
middle finger consistent with
known infection at this site
(c–e)

Fig. 12 Reflex sympathetic dystrophy. There is increased
tracer activity in the right hand and wrist, on early phase
scanning (a). Late phase scanning (b) shows increased activity
in a typical periarticular distribution throughout the hand and

wrist. Courtesy of Drs R Cooper and S Allwright, Department
of Nuclear Medicine, Mater Hospital and Dee Why Nuclear
Medicine, Sydney, Australia
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Increasingly these lesions are being treated with per-
cutaneous ablation, but the use of an intraoperative
nuclear medicine probe, following administration of
radioactive tracer can be used by surgeon to help
localize osteoid osteoma and ensure excision of the
nidus. The most common benign bone tumour seen in
the hand is an enchondroma which shows relatively
low uptake on bone scanning (Vande Streek et al.
1994). Bone scintigraphy cannot reliably distinguish
between benign and malignant chondroid tumours.

3.3.5.3 Reflex Sympathetic Dystrophy

Reflex sympathetic dystrophy is a poorly understood
condition presenting with severe limb pain. The
syndrome comprises intense pain, soft tissue swelling
and discolouration, alteration in skin temperature, and
limitation of movement. In many cases there is no
antecedent event, but there is frequently a history of
minor trauma or recent surgery. While the diagnosis
may be obvious on clinical examination, it can be
difficult. Bone scintigraphy typically shows abnor-
mality on both vascular and delayed phase imaging
with increased uptake, classically a periarticular dis-
tribution (Fig. 12). Clearly this pattern of uptake is
not specific and must be viewed in the clinical con-
text. Published studies show variable sensitivity and
specificity for the diagnosis using Bone scintigraphy
(Genant et al. 1975; Holder and Mackinnon 1984;
Kozin et al. 1981).

4 Conclusion

Inevitably, newer cross-sectional imaging modalities
such as MRI and CT are useful in the diagnosis of
hand and wrist disorders. However, new registration
techniques such as CT/SPECT have improved the
ability of bone scintigraphy to accurately localize the
site pathology. While bone scintigraphy has many
applications it continues to play an important role in
many centres for the identification of occult fractures.
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Abstract

The role of ultrasound (US) in the assessment of
musculoskeletal disorders is persistently increas-
ing. Recent developments in hardware and soft-
ware of US equipments and in particular use of
small-size, high-frequency transducers have
allowed accurate assessment of a wide variety of
hand and wrist disorders.

1 Introduction

The role of ultrasound (US) in the assessment of
musculoskeletal disorders is persistently increasing
(Van Holsbeeck and Introcaso 2001; Mc Nally 2004;
Brasseur and Tardieu 2006; Bianchi and Martinoli
2007). Recent developments in hardware and software
of US equipments and in particular use of small-size,
high-frequency transducers have allowed accurate
assessment of a wide variety of hand and wrist disor-
ders. The main advantages of US are its low cost,
readiness, non invasivity and possibility to perform a
dynamic examination. The main disadvantage is the
impossibility to detect and assess deep structures,
located behind bones. In addition, US is a highly
operator-dependent technique and has a long learning
curve. US has been used in the assessment of wrist and
hand traumatic, degenerative and infective disorders,
as well as in evaluating local masses (Read et al. 1996;
Ferrara and Marcelis 1997; Bianchi et al. 1999, 2001,
2003; Teefey et al. 2000; Milbradt et al. 1990; Chiou
et al. 2001; Moschilla and Breidahl 2002). Additional
studies have stressed its role in the evaluation of
inflammatory arthritis (Koski 1992; Grassi et al. 1993).
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Quantification of inflammation and of structural
damage is mandatory in the assessment, management
and monitoring of rheumatoid arthritis (RA). Without
appropriate treatment (e.g. DMARD’s, biologics), RA
inflammation can progress and result in joint dys-
function and deformity. An early diagnosis can
lead to early instauration of a successful treatment.
Standard radiographs have an important role to
identify changes such as osteopenia, joint space
reduction or erosions in patients with advanced
arthritis. US is a useful tool in the assessment and
follow-up of early to established RA (Wakefield et al.
2000, Szkudlarek et al. Szkudlarek et al. 2004a, b)
and can efficiently guide local procedures such as
aspiration of effusions or therapeutic injection (Karim
et al. 2001). In RA US can detect different pathologic
changes including synovitis, cartilage and bone
changes, tenosynovitis and tendon tears, bursitis,
rheumatoid nodules or secondary nerve entrapment
(e.g. carpal tunnel syndrome). Clinical studies have
shown that US is as effective or even more effective in
detecting inflammatory changes as clinical examina-
tion. Sensitivity and specificity of US in assessment of
joints changes in RA is comparable to MR imaging
(Backhaus et al. 1999; Backhaus et al. 2002; Szkud-
larek et al. 2004a, b; Scheel et al. 2006). Power
Doppler and Colour Doppler US detects active
synovial inflammation associated with hypervascu-
larisation and neoangiogenesis. In the presence of an
active synovitis, there is an increase in signal activity,
which is correlated to the degree of inflammatory
activity. Therefore, the use of color and power
Doppler US facilitates a differentiation between
active and inactive synovitis. Furthermore, numerous
studies have shown a good correlation between
activity of synovitis at power Doppler and inflam-
matory changes evident at MRI and at histopathology
studies (Walther et al. 2001; Terslev et al. 2003).
Echo-contrast-enhanced US has shown an improve-
ment in the measurement of synovial thickness and
activity of synovial processes in patients with rheu-
matoid arthritis and allows better differentiation
between effusion and synovial proliferation (Goldberg
et al. 1994; Blomley et al. 2001). Besides assessment of
the synovium, US can evaluate pathological changes of
cartilages and bones if performed using high-resolution
ultrasound probes. Bone erosions are a pathophysio-
logical hallmark of RA. US can provide a more accurate
and comprehensive assessment of bone erosions than

plain radiography. The size of erosions can be moni-
tored to evaluate disease progression.

Accurate knowledge of the normal anatomy, tech-
nique of US examination and of the US appearance of
the hand and wrist are definite pre-requisites for a
successful US examination. The target of this chapter is
to present the technique of the US examination and the
normal US anatomy of the hand and wrist.

2 Technique of Examination
and Normal US Appearance

Before starting the US examination, any previous
imaging studies and blood tests, if available, are
reviewed. Every effort must be made to obtain a recent
radiographic examination, in at least two perpendicular
views, since this allows a good analysis of joints and
bones and is complementary to US that permit an
excellent assessment of most soft tissues. A brief
clinical evaluation is always obtained since it helps in
pointing the attention of the examiner to a specific area,
thus shortening the time of examination and allowing a
more detailed local assessment. The patient is asked for
duration of symptoms, type and rhythm of pain
(mechanic or inflammatory), presence of tingling,
numbness or morning stiffness. If pain is the main
symptom, its location and modification during muscle
contraction or joint movements can often orient toward
the correct diagnosis. In De Quervain tenosynovitis, for
example, a sharp, acute pain located over the radial
styloid and worsened by ulnar deviation of the wrist
with the thumb flexed is highly suggestive of the
diagnosis. The distribution of peripheral tingling can
indicate the injured nerve (radial, ulnar or median). A
brief regional physical examination including assess-
ment of any local or diffuse swelling, warm or reddens
follows. The joint range of motion and local tenderness
are also briefly assessed.

Schematically, there are two main kinds of per-
forming a US examination of the wrist and hand. A
focused examination generally performed in patients
suffering from disorders affecting the periarticular tis-
sues and a systemic examination mostly directed to the
joints. The first is a shorter examination concentrated
on a specific region, selected by the sonologist
according to the data available from the physician’s US
request, type of symptoms and results of the brief
clinical examination described earlier. We perform this
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type of examination in the vast majority of our patients.
To give an example in a patient presenting with a
painless lump at the dorsum of the wrist suspected to be
a ganglion by the referring physician, the US exami-
nation can be limited to the dorsal aspect of the wrist. A
time-consuming, detailed examination of all metacar-
pophalangeal and interphalangeal joints is not neces-
sary and useless in such a patient. The second type of
US examination is a more time-consuming, systematic
examination usually obtained only in patients with a
clinical suspicion or diagnosis of systemic arthritis. In
both cases, a scrupulous technique of realization of the
US examination, including images obtained in several
planes and dynamic test, must be deployed (Creteur and
Peetrons 2000; Middleton et al. 2001; Lee and Healy
2005; Tagliafico et al. 2007).

For didactic purposes, we first describe the basic
anatomy of the main structures amenable to US
assessment followed by description of the US tech-
nique of examination and of the normal US anatomy.
We will follow an anatomic pattern, starting with the
dorsal aspect of the wrist and the hand followed by
the palmar aspect.

For optimal US examination of the wrist and hand,
the patient sat facing the examiner with the forearm
resting on the examination bed. We routinely start the
examination by scanning the dorsal aspect of the wrist
followed by the hand through transverse and sagittal
sonograms. Then, the patient is asked to supinate the
hand that now lies on its dorsal aspect, to allow
examination of its palmar aspect. Again transverse
sonograms are followed by longitudinal images. Color
Doppler is routinely obtained. Dynamic scanning
allows identification of each extensor and flexor ten-
don of the fingers and, most importantly, allows
optimal judgement of tendons’ gliding and eventual
impingement inside osteofibrous tunnels. This is very
useful in judging presence of tendons adhesions.
Application of variable pressure with the transducer
permits obtaining additional data. A firm pressure
helps in eliciting local pain and thus in focalizing the
examination. It also assists in judging consistency of
masses facilitating for example the diagnosis of soft
tissue lipoma. On the contrary, large amount of gel
must be used in assessing fluid collections in order to
lessen local pressure trough the probe and avoid
inadvertent displacement of the fluid that can result in
a negative examination. In assessing presence of
vessels with color Doppler, excessive pressure can

result in squeezing of vessels resulting in impossibility
to accurately detect local hypervascular changes. In
testing the permeability of subcutaneous veins, color
Doppler is obtained during squeezing of the soft tis-
sues distal to the site of examination performed with
the contralateral hand of the examiner. This allows a
temporary increase in venous blood velocity and its
easier detection at color Doppler. On the contrary,
blocking the venous drainage at the forearm causes
dilatation of the distal vein and results in stagnation of
blood inside venous masses. As previously discussed,
palpation under US guidance can be realized through
the transducer when a large mass is evaluated. When
the mass is small, US-guided palpation is better per-
formed by using an opened paper clip. Once placed
between the transducer and the skin, this can be fol-
lowed under real-time scanning thanks to its typical
posterior comet tail artifact. This technique works well
in cutaneous marking of soft tissue foreign bodies as
well as in accurate localization of small neuromas.

3 Dorsal Aspect

US allows an accurate evaluation of the dorsal aspect of
wrist and hand (Figs. 1, 2, 3, 4, 5, 6, 7, 8). Accessory
muscles can be found at the dorsal face of the wrist
(Muncibì et al. 2008) as anatomic variants mimicking
local tumors. They show at US the typical internal
muscle structure made by alternating hypoechoic
(muscle fibers) and hyperechoic (fibroadipose septa)
bands. Dynamic examination during resisted contrac-
tion shows contraction of the accessory muscle thus
confirming the diagnosis. Located under the skin and
subcutaneous tissues, a thin fascia covers the extensor
tendons (ET). These tendons origin from the mioten-
dineous junctions, located in the forearm at different
level for each muscle, run distally between the joint
plane and the subcutaneous tissue, to finally insert into
the bone of the wrist and hand. Since all ET change
their course before joining their insertion, they are
prone to instability during changes of position of the
wrist and hand joints. To avoid instability, the ET run
inside fibrosseous tunnels. These are made by the sur-
face of bones covered by periosteum (the floor) and by
superficial fibrous bands named retinacula (the ceiling).
To further increase tendons stability, the bone surface is
not flat but made by grooves, sulci or protuberances.
A synovial sheath composed by a visceral and parietal
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layer, gliding one over the other, surrounds the tendons
and reduces local frictions during gliding. The visceral
layer is adherent to the tendon and moves with it, while
the parietal layer is lax and blends with the retinacula

and other peritendineous structures. The layers are
separated by a thin amount of synovial fluid. At the
level of the distal radius and wrist, the twelve ET run
inside six tunnels. The tunnels are numbered from the

Fig. 1 Dorsal aspect. a, c Probe positioning for transverse
examination. b Sonogram obtained as shown in a. US shows the
crossing of the tendon of the first extensor compartment (black
arrowhead) over those of the second compartment (white
arrowhead). Asterisk distal part of the muscle of the first
extensor compartment. d Sonogram obtained as shown in c.

US shows the miotendineous junctions of the extensor pollicis
longus (small star) and extensor indicis proprius (large star).
The extensor digitorum communis tendons (white arrow) are
located more superficially. Note the interosseous membrane
(black arrow) appearing as a hyrechogenic structure connecting
the ulna and the radius

Fig. 2 Dorsal aspect. a, c,
e Probe positioning for
transverse examination. b, d,
f corresponding sonograms.
b White arrowhead extensor
digitorum communis tendons,
black arrowhead extensor
pollicis longus tendon.
d White arrowhead extensor
digitorum communis tendons,
arrow extensor carpi ulnaris
tendon. f Black arrowhead
extensor pollicis longus
tendon, stars extensor carpi
radialis tendons
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Fig. 3 Dorsal aspect. a Probe positioning for transverse
examination b corresponding sonogram. White arrowheads
extensor digitorum communis tendons, void arrowhead reti-
naculum of the 4th compartment of the extensor tendons.

White arrow extrinsic dorsal carpal ligaments and radiocarpal
synovial space, black arrow dorsal band of the scapho-lunate
ligament

Fig. 4 Dorsal aspect. a,
c Probe positioning for
transverse examination.
b Sonogram obtained as
shown in a. Met metacarpals,
DIM dorsal interosseous
muscles, black arrowheads
extensor tendons. d Sonogram
obtained as shown in c. White
arrowheads extensor indicis
proprius and extensor
digitorum communis tendon
of the index

Fig. 5 Dorsal aspect. a,
c Probe positioning for
transverse examination.
b Sonogram obtained as
shown in a. Met metacarpal,
white arrowhead extensor
digitorum tendon, asterisks
subcutaneous veins.
d Sonogram obtained as
shown in c. White arrowheads
extensor digitorum communis
tendons, black arrowheads
sagittal bands
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most radial to the most ulnar. The first tunnel is located
over the radial styloid while the sixth is found at the
level of the cubital head. Table 1 resumes the
arrangement of the tendons inside the six tunnels.

US shows the ET as hyperechoic, homogeneous
structures showing a typical fibrillar structure in the
longitudinal sonograms. The borders of normal ten-
dons are regular and well defined. The normal

synovial sheath and the tiny amount of fluid contained
inside it can’t be detected even if high-resolution
transducers are used. Retinacula are imaged at US as
hyper or hypoechoic structures depending on the
incidence of the US bean. They present different
thickness depending of the fibroosseous tunnel
examined. The retinaculum of the fourth compart-
ment is the thicker and, since it appears mostly

Fig. 6 Dorsal aspect. a, c,
e Probe positioning for
longitudinal examination. b,
d, f corresponding sonograms.
b Asterisk triangular
fibrocartilage complex, white
arrowhead extensor carpi
ulnaris tendon, star base of
the fifth metacarpal. d Black
arrowhead extensor digitorum
communis tendons, 1
radiocarpal joint, 2
mediocarpal joint. f Arrow
extensor tendons of the first
compartments, RA radial
artery

Fig. 7 Dorsal aspect. a Probe
positioning for longitudinal
examination. b Sonogram
obtained as shown in
a. b Arrows extensor
digitorum communis tendon,
P1 proximal phalanx.
c Sonogram obtained with
90� of flexion of the
metacarpophalangeal joint.
White arrowheads articular
cartilage, black arrowhead
subchondral bone plate
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hypoechoic, can simulate an effusion to unexperi-
enced examiners (Robertson et al. 2007). The mean
value or retinaculas’ thickness in other tunnels is
around 0.3-0.5 mm. In case of suspicion of mild
thickening of retinacula, the contralateral side can be
scanned to improve diagnostic confidence. In normal
conditions, color Doppler does not allow detecting the
normal vascularisation of tendons, sheath or retina-
cula. Any Doppler signals inside these structures must
be retained as pathologic. Axial images allow a good
analysis of details of different ET. To give an exam-
ple, the APL is almost always made by multiple thin
tendons rather then by a single tendon (De Maeseneer
et al. 2009). This normal variation seems to facilitate
impingement inside the first osteofibrous tunnel.

Deep to the ET of the third compartment, located
close to the lateral aspect of the Lister’s tubercle, the
distal sensitive branch of the posterior interosseous
nerve can be seen running from the forearm to the
dorsal aspect of the wrist. At its distal portion, the

normal nerve can present a bulbous swelling (Acrel’s
ganglion) that must not be interpreted as a pathologic
neuroma or as evidence of chronic compression. The
origin of this fusiform swelling is unknown. Histo-
logically, it is made by normal peripheral nerve
structures without any neuronal cell bodies (Tubbs
et al. 2007). The term pseudoganglion seems then
more appropriate then that of ganglion. In younger
subjects, a small artery (distal anterior interosseous
artery) can be detected running close to the nerve. The
distal radio-ulnar, radiocarpal, mediocarpal and
carpo-metacarpal joints can be well imaged and
changes related to degenerative or erosive arthropathy
detected. US can efficiently guide intraarticular
injections (Lohman et al. 2007) under real time con-
trol. This helps in avoiding injury to adjacent struc-
tures such as nerves and vessels and in confirming the
correct site of injection. US allows detection and
assessment of several extrinsic articular ligaments as
well as of the scapho-lunate ligament (Griffith et al.
2001; Jacobson et al. 2002; Finlay et al. 2004; Boutry
et al. 2005; Taljanovic et al. 2008; Bihan et al. 2009;
Renoux et al. 2009).

At the level of the dorsum of the hand and of the
fingers, the ET can be followed till their distal
insertion by US. The EPB is one of the thinnest ten-
dons and inserts into the base of the proximal phalanx
of the thumb. The two extensor carpi tendons (ECRB
and ECRL) can be followed till their insertion into the
base of the second and third metacarpals. The EPL

Fig. 8 Dorsal aspect. a,
c Probe positioning for
longitudinal and transverse
examination. b Sonogram
obtained as shown in a. 1 Met
first metacarpal, white
arrowheads aponeurosys of
the adductor pollicis brevis
muscle, asterisk ulnar
collateral ligament.
d Sonogram obtained as
shown in c. 1 Met first
metacarpal, white arrowheads
aponeurosys of the adductor
pollicis brevis muscle,
asterisk ulnar collateral
ligament, arrow extensor
pollicis longus tendon

Table 1 Extensor tendons

1 Tunnel = abductor pollicis longus

2 Tunnel = extensor pollicis brevis

3 Tunnel = extensor pollicis longus

4 Tunnel = extensor digitorum communis and extensor
indicis proprius

5 Tunnel = extensor digiti minimi

6 Tunnel = extensor carpi ulnaris
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has a more complex course. At the distal radius, it
reflects on the medial aspect of the Lister’s tubercle, a
bony ridge separating the third and the second com-
partment of the ET. Then, it points to the base of the
thumb and overlies the ECRB and ECRL tendons.
Finally, it joins the EPB at the level of the head of the
first metacarpal to then insert into the base of the
distal phalanx of the thumb. The EPL is then subject
to local friction at two levels: at the Lister tubercle
and when it crosses with the two extensor carpi ten-
dons (De Maeseneer et al. 2005). The index has two
extensor tendons, the communis and the indicis
proprius, which runs medial to the communis. They
have similar size and course. The EIP can be har-
vested and used as a tendon graft in several surgical
procedures. The extensor digitorum communis ten-
dons present a high variable organization at the dor-
sum of the hand related to presence of the so-called
tendinous junctions. These are thin tendons directed
obliquely and joining adjacent ET. The dorsal inter-
ossei muscles can be seen appreciated lying among
the hyperechoic metatarsals.

At the level of the metacarpophalangeal joints, the
ET are retained over the dorsal aspect of the joint by
the sagittal bands, thin ligaments that prevent palmar
displacement of the tendons during flexion of the fin-
gers. These bands appear as thin hyperechoic laminae
covering the tendons and inserting into the periphery of
the capsule. At the level of the proximal phalanx, the
ET of the 2–5 fingers split into a central band and two
lateral bands. The central band inserts into the base of
the middle phalanx while the lateral bands join into the
midline to insert into the distal phalanx. The ET are
well assessed by US at the level of the MCP joint. Their
distal splitting is sometimes difficult to be appreciated
at transverse images. Longitudinal images allow
visualization of the insertion of the central band as well
as of the distal insertion into the distal phalanx. Details
of the insertion of the intrinsic muscles are not detected
at US. The metacarpophalangeal and interphalangeal
joints can be imaged in the sagittal and axial plane. US
allows an accurate assessment of erosive articular
changes (McNally 2008). The cartilage of the meta-
carpal and phalanx head can be judged by using a
dorsal and palmar approach in the extended and flexed
joint while the cartilage of the bases of the phalanges
are not detectable at US. US examination performed
during gentle stress of the fingers’ joints can help in
judging the capsuloligamteous complex. This is most

often performed at the level of the MCP of the thumb in
the evaluation of tears of the ulnar collateral ligament.

4 Palmar Aspect

The palmar aspect of the wrist houses several tendons,
nerves, and vessels (Figs. 9, 10, 11, 12, 13, 14, 15).
Abbreviations for these structures are listed in Table 2.
The most superficial and thinnest tendon is the PG that
runs in the midline of the wrist within the subcutaneous
tissue. The PG presents a high anatomic variability. It
can be absent or be replaced by a muscle (palmaris
inversus). In a deeper position, the flexor tendons of the
fingers (FDS, FDP, FPL) run inside the carpal tunnel
(CT), a fibroosseous tunnel made by the carpal bones
(the floor) and a palmar thick ligament, the transverse
carpal ligament (TCL) (the ceiling). Inside the CT, the
tendons are surrounded by a common synovial sheath
enveloping the FDS and FDP of the 2–5 fingers. This
common sheath generally communicates with the
digital sheath of the fifth finger. The 2–4 fingers have
separate digital sheaths. The FPL has a separate long
sheath extending from the CT till to the proximal
phalanx of the thumb. The FCR, a strong tendon sur-
rounded by its own synovial sheath, is also located
inside the CT but runs in a separate lateral channel. In
its distal portion, the FCR overlies the tubercle of the
scaphoid and reflects over the palmar aspect of scapho-
trapezio-trapezoid joint to deepen and reach its distal
insertion into the base of the 2 and 3 metacarpals. The
FCU is a straight tendon located at the medial aspect of
the anterior face of the wrist that inserts into the prox-
imal pole of the pisiform. Since it has a straight course
this tendon is not surrounded by a synovial sheath but
by its peritenon, a thin connective tissue lamina that
facilitates its gliding. Besides several tendons, the CT
houses also the MN, a flat nerve located just under the
TCL at the radial aspect of the tunnel. The nerve has a
close relation with the FDP and FDS of the index. It
innervates the muscles of the thenar eminence as well
as the 1st and 2nd lumbrical muscles. The MN is
responsible for sensitivity of the first three fingers and
radial aspect of the fourth finger. Details of its anatomy
and anatomic variations will be discussed in more
details in Nerve Entrapment Syndromes. The Guyon’s
tunnel is a small fibrooseeous tunnel located superfi-
cially and medially to the CT. It is delimited by the TCL
and the lateral aspect of the pisiform (the roof) and the
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Fig. 10 Palmar aspect. a,
c Probe positioning for
transverse examination.
b Sonogram obtained as
shown in a. FCUt and FCUm
tendon and muscle of the
flexor carpi ulnaris, white
arrowhead ulnar nerve, black
arrowhead ulnar artery.
d Sonogram obtained as
shown in c (Guyon’s tunnel).
Pis pisiform, CT carpal
tunnel, white arrowhead ulnar
nerve, black arrowhead ulnar
artery

Fig. 9 Palmar aspect. a,
c Probe positioning for
transverse examination.
b Sonogram obtained as
shown in a. Sc scaphoid,
P pisiform, FTs flexor
tendons, white arrowhead
median nerve, black
arrowheads transverse carpal
ligament. d Sonogram
obtained as shown in c. Tr
trapezium, H hook of the
hamate, FTs flexor tendons,
white arrowhead median
nerve, black arrowheads
transverse carpal ligament

Ultrasound Imaging Techniques and Procedures 73



palmar carpal ligament (the ceiling). The tunnel
houses, embedded by fat, the UN and the UAr sur-
rounded by several UVe. The nerve is located between
the artery and the pisiform. At variable level inside the
tunnel or immediately distal to it, the UN splits in one
motor branch and one or two sensitive branches. A
more detailed description of the Guyon’s anatomy will
be presented in Nerve Entrapment Syndromes. The UN
is responsible for sensitivity of the fifth finger and
medial aspect of the fourth finger. At the radial aspect of
the wrist, the RAr is found running deep to the super-
ficial fascia surrounded by satellite veins. The artery
has close relation with the distal part of the sensitive
branch of the RN. At the palm of the hand, the FDS and
the FDP of the 2–5 fingers run together to join the base
of the fingers. Their synovial sheaths are not detectable
even when high-frequency transducers are used. The
FDP, located just inferior to the FDS, give insertion to
the lumbricals muscles. The vessels and the branches of
the MN and UN run together located among the
lumbricals muscles and the FDS surrounded by fat.
More deeply are located the palmar interossei muscles.
Utilization of high-frequency probes allows an optimal
assessment of the anatomy of the flexor tendons at the

fingers. Transverse images show splitting of the FDS at
the level of the proximal phalanx. The two tendineous
laminae are located from proximal to distal: first
superior, then lateral and medial and finally, inferior to
the FDP tendon. They insert into the base of the middle
phalanx. The FDP presents typically a triangular aspect
with the base inferior in proximal scans and superior in
more distal images. A frequent anatomic variation is
bifidity of the FDP at the level of the distal part of the
middle phalanx. This must not be interpreted as a
posttraumatic longitudinal split. Longitudinal images
are best suited to evaluate the tendons dynamically.
When performed at the level of the MCP joint during
flexion of the DIP joint, they show selective movements
of the FDP tendon. Simultaneous flexion of the IPP
joint allows concomitant movements of the FDS ten-
don. The insertion of the two FDS hemitendons can be
imaged at the level of the intermediate phalanx by
displacing the transducer medially and laterally. The
insertion of the FDP into the base of the P3 is ready
evident on sagittal images obtained over the distal
phalanx. A variety of pulleys (annular and cruciform)
retain the flexor tendons against the palmar aspect of
the phalanges thus preventing palmar instability during

Fig. 11 Palmar aspect.
a, c Probe positioning for
transverse examination.
b Sonogram obtained as
shown in a (Guyon’s tunnel).
Pis pisiform, CT carpal
tunnel, large white arrowhead
superficial branch of the ulnar
nerve, small white arrowhead
deep branch of the ulnar
nerve, black arrowhead ulnar
artery. d Sonogram obtained
as shown in c (Guyon’s
tunnel), Hook hook of the
hamate bone, large white
arrowhead superficial branch
of the ulnar nerve, small white
arrowhead deep branch of the
ulnar nerve, black arrowhead
ulnar artery
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flexion (Bodner et al. 1999; Martinoli et al. 2000).
Annular pulleys are quite rigid and are the main
structures that prevent tendons bowstringing during
flexion. They are numbered from 1 to 5 from proximal
to, distal. The A2 and A4 pulleys located, respectively,
at the base of P1 and P2 are functionally the most
important. The annular pulleys are visualized as thin
hyperechoic structures in longitudinal images. They
show a normal thickening of their insertion in trans-
verse images. The cruciform pulleys are more lax and
located among the annular pulleys. They can be visu-
alized at US only when a significant amount of fluid is
present inside the tendon sheath.

The different joints of the fingers can be exam-
ined by sagittal and axial sonograms. The palmar
plates are well depicted as hyperechoic structures,
with homogeneous internal appearance, inserting
into the base of the phalanges. Examination per-
formed during gentle hyperextension of the exam-
ined joint can help in analysis of local tears or

avulsions. The palmar articular synovial recess is
ready evident and must be analyzed for local effu-
sion or synovial hypertrophy. Axial sonograms of
the digital soft tissues allow assessment of the
digital vessels and nerves till the level of the distal
interphalangeal joint if high-frequency transducers
are used.

5 Key Points

5.1 Advantages of Ultrasound in Wrist
and Hand Assessment

• Ready available
• Non invasive
• Inexpensive
• Patient friendly
• Dynamic
• High resolution

Fig. 12 Palmar aspect. a,
c, e Probe positioning for
longitudinal examination. b,
d, f corresponding sonograms.
b Pis pisiform, white
arrowheads flexor carpi
ulnaris tendon. d Black
arrowhead median nerve,
white arrowheads flexor
digitorum tendons. f Large
white arrowhead flexor carpi
radialis tendon, small white
arrowhead flexor pollicis
longus tendon, Tr Trapezium
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Fig. 13 Palmar aspect. a,
c, e Probe positioning. b, d,
f Corresponding sonograms.
b 1 Met first metacarpal, white
arrowhead flexor pollicis
longus tendon. d P1 proximal
phalanx of the thumb,
S sesamoid bone, white
arrowhead flexor pollicis
longus tendon. F Fts flexor
tendons, L lumbrical muscle,
PIM palmar interosseous
muscles, Met metacarpal,
white arrowhead common
palmar digital artery, black
arrowhead palmar digital
nerve

Fig. 14 Palmar aspect. a,
c, e Probe positioning for
longitudinal examination. b,
d, f corresponding sonograms.
b Met metacarpal, P1
proximal phalanx, PP palmar
plate, white arrowheads flexor
digitorum superficialis and
profundus tendons, large
black arrowhead cartilage of
the metacarpal head. d P2
middle phalanx, white
arrowheads flexor digitorum
superficialis and profundus
tendons, small black
arrowhead A4 annular pulley.
F P3 distal phalanx, white
arrowhead flexor digitorum
profundus tendon
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5.2 Disadvantages of Ultrasound
in Wrist and Hand Assessment

• Long learning curve
• Operator dependent
• Partial assessment of cartilages, ligaments and

bones

5.3 Operator Requisites for US
Examination in Wrist and Hand
Assessment

• Perfect knowledge of the normal anatomy and
anatomic variants

• Clinical knowledge of the main disorders affecting
the wrist and hand

• Use of accurate and standardized technique of
examination

Fig. 15 Palmar aspect. a Probe positioning for transverse
examination. b–g corresponding sonograms obtained from
proximal to distal. b–g White arrowheads Annular pulleys,
S flexor digitorum superficialis tendon, P flexor digitorum

profundus tendon, PP palmar plate of the metacarpophalangeal
joint, black arrowhead cartilage of the metacarpal head, Met
metacarpal, P1 proximal phalanx, P2 middle phalanx, P3 distal
phalanx

Table 2 Anatomic structures of the palmar aspect of the wrist

Flexor tendons

PG = palmaris gracilis

FDS = flexor digitorum superficialis

FDP = flexor digitorum profundus

FPL = flexor pollicis longus

FCR = flexor carpi radialis

FCU = flexor carpi ulnaris

Nerves

MN = median nerve

UN = ulnar nerve

RN = radial nerve

Vessels

RAr = radial artery

RVe = radial veins

UAr = ulnar artery

UVe = ulnar veins
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5.4 Basic Principles of US Technique
of Examination in Wrist and Hand
Assessment

• Perform a basic clinical examination of the affected
area and review other imaging studies before
starting the US examination

• Focus the examination on the basis of clinical
findings

• Analyze the structures using multiple planes of
scanning

• Perform dynamic examination and color Doppler
examination

• Bilateral examination if required
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Abstract

Growing bone is challenging, as bone structure, shape
and size change continuously until skeletal maturity.
The numerous normal variants of growth which may
mimic pathology have been accurately described
radiographically, but little is known on the appear-
ances on other modalities such as magnetic resonance
imaging (MRI), computed tomography (CT) and
ultrasound. This chapter will take you through fetal
and post natal growth of the hand skeleton, and also
give an overview of the assessment of bone age.

1 Introduction

The hand and wrist start developing in the early stages
of foetal growth, through chondrification and ossifica-
tion to finally achieve skeletal maturity at the end of
adolescence. Skeletal development of the hand pro-
ceeds through a complex interplay of growth, biome-
chanical forces, and reciprocal development of bone
shape. These bone changes have been extensively
studied by radiograph, and several established methods
are used in clinical practice for assessment of bone age.

The advent of magnetic resonance imaging (MRI)
has shed light on the pre and post ossification changes
of the areas of bone not assessed by radiography.
Magnetic resonance imaging data of the hand is
sparse for the neonatal period, but increasingly, more
information is available for later stages of develop-
ment (Ording Müller et al. 2011).
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2 Embryology of the Hand—Foetal
Period

The limb buds develop at the end of the fourth gestational
week, arising from the ventrolateral body wall under the
influence of a thickened area of ectoderm, at the distal end
of the limb bud called the apical ectodermal ridge (Fig. 1).
The upper limb consists of three layers: lateral mesoderm,
somatic mesoderm, and ectoderm. During the fifth week,
neuronal tissue grows into the limbs and the hand plates
become visible at the distal end of the upper limb.
A process of programmed cell death forms the digital rays
from the hand plate and individual rays are seen in the
sixth week. The bones form as hyaline cartilage models of
chondrified condensed mesenchyme, and in the sixth
week this chondrification occurs in the distal limb skele-
ton including the carpal and metacarpal bones. This pro-
cess continues into week seven, by the end of which all the
phalanges are involved. Endochondral ossification is seen
by eight weeks and progresses rapidly. Foetal ossification
of the radius, ulna, and phalanges is complete by 35–
40 weeks (Fig. 2). The ossification of the hand epiphyses
and carpals begins in the postnatal period, in proportion
with the longitudinal growth of the tubular bones.

3 Postnatal Growth of the Hand
Skeleton

Until three months of age there is no ossification of
the carpals and hand epiphyses. Skeletal age at this
stage is best assessed by views of the lower limb

(knee and ankle) to demonstrate ossified nuclei in the
proximal tibia, calcaneum, and talus in normal chil-
dren. After three months of age, the left hand is used
in standard assessment. Skeletal development pro-
ceeds in the same sequence in both males and
females, though faster in females. This accelerated
development begins to become apparent after three
months of age continuing to puberty.

3.1 Carpus

Enchondral ossification of the carpal bones starts at
around three months of age (Fig. 3a) and continues until
skeletal maturation at 14–16 (Pyle et al. 1971). In most
children, bone growth and modeling follows a specific
sequential pattern with a constant ratio between carpal
bone volumes (Bull et al. 1999; Canovas et al. 1997).
Radiographically, the small spherical ossification cen-
tres develop into multifaceted, articulating bones with a
well defined cortex. With growth, the bony surface may
take a slightly more squared and irregular form, the 3
dimensional nature of which is better appreciated in MR
images than radiographically (Ording Müller et al. 2011;
Avenarius et al. 2012).

The carpal bones’ ossification order is more variable
than that seen in the other hand bones. A reliable
sequence is capitate, hamate, triquetral, lunate,
trapezium, trapezoid, and pisiform. The scaphoid
ossification usually appears before that of the trape-
zium in boys and either just before or just after in girls,
the ossification of both occurs by 3 years (Fig. 3b, c).
The capitate and hamate begin ossification around
three months of age gradually enlarging until reciprocal
shaping can be seen around one year of age. These
bones will begin to overlap at 8y #/5y $. The bony
projection of the hamate—the hamulus—will become
visible at 13y #/11y $ and growth finally completes
around age 17y #/15y $. On T1 weighted MR-images,
an increasing number of bony surface depressions can
be seen with advancing age in both the capitate and the
hamate, from at least 5 years of age until skeletal
maturity (Fig. 4a–d). In the capitate, this is typically
seen along the radial side. The depressions reflect
normal growth, and should not be mistaken for
destructive change in children with conditions such as
juvenile idiopathic arthritis (JIA). Some of these
depressions can be seen on ultrasound examination
(Fig. 5).

Fig. 1 Embryological development. a The upper limb bud
appears at 5 weeks (blackarrow) and the limb develops,
showing separation of the individual rays by 8 weeks (b–d)

82 J. Carmichael et al.



The triquetral begins ossification around 3y #/
2y $. The initial rounded shape develops its mature
contour with flattening of the hamate and lunate
facets seen aged 9y #/7y $. Ossification of the pisi-
form is seen at 11y #/9y $, growth is complete by
16 years of age.

Lunate ossification begins around 3y #/2y 6m $,
occasionally from two ossification centres. Clear
facets are seen at 10y #/8y $, especially at the capi-
tate surface. Growth is complete by 16y #/14y $.
Scaphoid ossification begins at 6y #/4y $. Its char-
acteristic concave capitates surface is seen by 10y #/
8y $. Flattening of the radial surface and alignment
with the radial epiphysis can be seen at 13y #/11y $.
Growth is complete by age 16y #/14y $. On MRI,

typical surface irregularities seen in the radial corners
(Fig. 5b), are seen in increasing numbers with
increasing age (Ording Müller et al. 2011).

The trapezium and trapezoid begin to ossify after the
epiphysis of the thumb, with the trapezium becoming
visible by 4y #/3y 6m $, and the trapezoid by 6y #/
4y $. Overlap between the two bones is seen at 8y #/
6y $ when corresponding flattening of the first and
second metacarpal articular surfaces is seen. Concavity
of this metacarpal surface begins to be visible by age
9y #/7y $. The trapezium and trapezoid attain their
adult shapes by 15 #/13y $.

Bony depressions due to physiological develop-
ment and ligamentous insertions appear in the carpus
and can be occasionally mistaken for pathology

Fig. 2 Embryological development. Images of the developing
foetal hand at a 20 weeks, b 30 weeks and c 40 weeks demon-
strating gradual development of the bones and thickening of the

soft tissues. At 40 weeks there is no ossification of the distal
radial and ulnar epiphyses, nor of the carpals

Fig. 3 Skeletal Development to age 3. a Development compat-
ible with 3 months. There is flaring of the distal radius and ulna,
and flattened bases of the metacarpals. Ossification centers are
present in the capitate and hamate. After 3 months differences
between the sexes begin to become apparent. b Development

compatible with 1y 3m #/1y $. There is ossification of the
capitate, hamate, and radial epiphysis. c Development compat-
ible with 2y 8m #/3y $. Ossification continues in the triquetral
and 1st metacarpal epiphysis. The distal radial epiphysis has
becomes wedge shaped toward the ulna
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(Ording Müller et al. 2011). The carpal intraosseous
ligaments are mostly within the joint capsule, some
inserting directly into bone and others attaching to
articular surfaces (Schmitt and Lanz 2008). They have
complex anatomical relations and a brief overview of
these is necessary to understand the development of
carpal depressions (Fig. 6). Proximally the scapholu-
nate and lunotriquetral ligaments reinforce the palmar
joint capsule. The radioscapholunate ligament extends
from the mid-palmar aspect of the radiolunate liga-
ment to the radius, containing neurovascular struc-
tures. Distally thick interossious ligaments run
between the carpal bones, for example the capitoha-
mate ligament. Two groups of ligaments are present
on the palmar aspect of the carpal bones: the ‘Proxi-
mal Palmar V’ comprises of the Radioulnar triquetral,
Ulnolunate, and Ulnotriquetral ligaments. The ‘Distal
Palmer V’ comprises of the Radioscaphocapitate
ligament and the arcuate complex (triquetrocapitos-
caphoid ligament). The dorsal aspect of the carpus

also has a ‘V’ complex: the ‘dorsal V’ consists of the
dorsal radiotriquetral, dorsal intercarpal ligaments,
and the extensor reticulum complex.

3.2 Metacarpals

The epiphysis of the first metacarpal develops in
conjunction with the trapezium. At birth the proximal
aspect is flattened and the adjacent trapezium is not
yet ossified. Ossification of the first epiphysis starts at
2y #/1y 6m $. Enlarging transversely, the epiphysis
flattens and begins to conform to the base of its shaft
by 4y 6m #/3y $.

The trapezium surface becomes indented, con-
forming to the trapezoid by 9y #/8y 10m $. There is
reciprocal shaping of the trapezium to the epiphysis,
which is as wide as the shaft of the 1st metacarpal by
13y 6m #/11y $. Fusion of the first epiphysis begins
by 15 years #/13y 6m $ and the fusion line may persist

Fig. 4 Development to age 5–14 with MR correlation.
a Development compatible with 6y #/5y $. Ongoing carpal
ossification with the beginning of reciprocal shaping. MR
images show pre-ossified cartilage: ulnar epiphysis and trique-
tral (black arrow) and the emerging rounded ossification center
of the trapezoid (white arrow). b Development compatible with
8y #/9y $. The carpals are now ossified with reciprocal
shaping. The distal phalangeal epiphyses are as wide as their
shaft. MR images show developing ulnar ossification (black
arrow) and emerging carpal and metacarpal indentations (white

arrow). c Development compatible with 11y #/9y $. The
carpals have developed reciprocal contours. The distal phalan-
geal epiphyses begin to conform to the adjacent middle
phalanx. MR images show capitate irregularities not visible
on the radiograph (black arrow). Ligaments are clearly visible,
i.e. scapho-lunate ligament (white arrow). d Development
compatible with 14y #/12y $. All epiphyses are beginning to
cap their shafts and the physes are narrowing. MR images show
further carpal irregularities corresponding to ligamentous
insertions (arrows)
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for many years. On MRI, there is a typical bony
depression at the base of the 2nd metacarpal, which
may easily be mistaken for an erosion (Fig. 4b).

The 2nd–5th metacarpal epiphyses develop at a
slightly different rate to the first. The 2nd metacarpal
epiphysis tends to lead, followed stepwise by the 3rd–
5th with the 5th being the last in development. The
epiphyses begin to ossify at 1 year #/1y 6m $. Their
oval contour is seen to flatten, adjusting to the distal
metacarpal surface by 2y #/1y 6m $. The epiphysis
becomes more cuboidal and is as wide as the meta-
carpal shaft at 11y 6m #/10y $. Fusion of the growth
plate begins by 15y 6m #/13y 6m $. On MRI, the
basis of the 3rd and 4th metacarpals typically narrows
dorsally.

3.3 Phalanges

The growth of the phalanges follows a similar order to
the metacarpals, with the 2nd leading, and the 5th
slightly behind. At birth the proximal phalanges have
flat proximal surfaces and the ossification of the
epiphyses appears by 1y 6m #/1y $. These epiphyses
are flattened and disc like, becoming slightly concave
as they develop, and are as wide as the diaphysis at
10y #/7y 10m $. At this age, the distal end of the
proximal phalanx also becomes concave. The epiph-
ysis begins to cap its shaft at 13y #/10y $, and begins
fusion at 15y 6m #/13y 6m $.

The middle phalanges follow similar development
to the proximal, with ossification beginning at 2y #/

Fig. 5 Ultrasound and MR of carpal depressions. a Carpal
irregularities in the capitate and trapezium (white arrow).
b Typical surface irregularities of the radial corners of the
scaphoid. Further irregularities seen in the lunate and triquetral

corresponding to ligamentous insertions. c Sagital Ultrasound
image from radius (right) to third metacarpal (left) demonstrat-
ing carpal irregularities
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1y 6m $. The width of the adjacent metaphysis is
obtained by 12y 6m #/8y 10m $, with capping of the
shaft seen by 13y 6m #/11y $. Fusion of the epiph-
ysis is seen by 15y 6m #/13y 6m $.

The distal phalanx epiphysis ossifies slightly later
than the proximal and middle, becoming visible by
2y 8m #/2y $. Similar disc shaped growth is seen and
the epiphysis is as wide as its shaft by 7y #/5y 9m $.
Capping is seen at 12y 6m #/10y $, with fusion
beginning at 15y #/13y 6m $. Fusion is usually com-
plete before that of the middle phalangeal physes.

The thumb phalanges develop ahead of the 2nd–
5th digits. The proximal phalanx epiphysis begins
ossification by 2y 8m #/2y $. This becomes disc-like
and is as wide as its diaphysis by 10y #/7y 10m $.
Capping of the epiphysis is seen by 15y #/11y $, and
ossification of the (smaller flexor) sesamoid is pres-
ent. Fusion of the epiphysis begins at 16y #/14y $.

The distal phalanx of the thumb ossifies by
1y 6m #/1y 3m $, gradually enlarging to cap its shaft
by 13y 6m #/11y $. Fusion begins shortly afterward
at 14y #/12y $.

3.4 Radius and Ulna

At birth, the distal radius and ulna metaphyses are
slightly flared, with the ulna slightly more proximal
than the radius. The distal ulna may be slightly cup-
ped, not to be mistaken for metabolic bone disease,

such as rickets (Fig. 2). Ossification of the distal
epiphysis occurs around 15 months in the radius and
6 years in the ulna in both males and females, with
both epiphyses being initially rounded and ‘pea’ like.
On MRI, both epiphyses may appear very flat and
nearly fragmented (Fig. 4). In the radius the ossifi-
cation flattens and elongates toward the ulna. The
ulnar articular facet is thinner than the styloid aspect
of the radial epiphysis, giving a ‘wedge shape’ seen
clearly by 4 years of age. The radial styloid process
enlarges and the epiphysis is as wide as the radius by
11 #/10y $. Capping of the radial metaphysis occurs
by 14 #/11y $. Fusion of the distal radial epiphysis is
the last of any in the hand, beginning at around 17 #/
15y $. The ulna ossification proceeds in either of two
directions: flat and parallel to the ulna metaphysic or
obliquely pointing toward the future site of the ulna
styloid process: these patterns will be apparent by
6–7 years of age. A clear ulna styloid process with
distal concavity of the adjacent mid-epiphysis should
be apparent by 11y 6m #/9y $. Capping of the ulna
and epiphyseal fusion is seen at 14 #/11y $.

3.5 Maturation of the Bone Marrow

In the neonate all bone marrow is haemopoeitic and
the conversion of red haemopoetic marrow to yellow
fatty marrow takes place throughout childhood. The
process begins in the extremities, progressing through
the distal, then proximal long bones and finally in the
axial skeleton (Laor and Jaramillo 2009) (Fig. 7). By
the age of skeletal maturity, the appendicular bone
marrow is almost entirely converted.

MR imaging is a very sensitive tool for the
detection of changes in fat composition within bone
marrow. Normal haematopoietic marrow contains
approximately 40% fat, 40% water and 20% protein,
whereas fatty marrow contains approximately 80%
fat, 20% water and 5% protein. Due to the fat content
of haemopoetic marrow, MR demonstrates apparent
conversion in advance of the histological change.
Marrow conversion in boys and girls is thought to
proceed at the same rate (Moore and Dawson 1990).

Mature fatty bone marrow is hyperintense on spin
echo sequences, with intermediate homogenous
hypointense signal on fat suppressed gradient echo
sequences. No enhancement is seen. Haemopoetic
marrow returns a signal similar or higher than muscle

Fig. 6 Major ligamentousgroupsaccounting forcarpaldepressions.
Leftimage: Dorsal ligament groups. a dorsal intercarpal iligament,
b dorsal radiotriquetral ligament. right image: Palmar ligament
groups. Red interossious ligaments. Greyc proximal v. d distal v
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on T1 weighted images, due to the fat content. The
higher water content results in high signal on water
sensitive sequences such as STIR.

In the infant, epiphyseal cartilage is of homogenous
intermediate signal intensity on T1 weighted images
and of low signal intensity on water sensitive sequen-
ces. As ossification takes place, the signal returned on
water sensitive sequences becomes heterogenous.
Vascular channels within the cartilage can enhance,
often showing a radial arrangement (Moore and
Dawson 1990). As ossification begins, the ossification
centre develops haemopoetic marrow and the signal
intensity becomes rapidly similar to the adjacent
metaphysis. Fatty conversion begins in the epiphysis
and is seen within six months of the appearances of the
secondary ossification centre (Moore and Dawson
1990; Jaramillo et al. 1991). Conversion then continues
in the diaphysis, extending to the distal metaphysis and
lastly to the proximal metaphysis.

Normal variants seen on MR include residual foci of
haemopoetic marrow in otherwise converted bones.

These areas will characteristically will have straight
‘flame’ contours and return increased signal in com-
parison to adjacent muscle on T1 images. Signal changes
suggestive of bone marrow oedema are seen in at least
one of the carpals or metacarpal bases in more than half
of healthy children aged between 5 and 15 years, with no
differences according to sex, age or degree of daily
physical activity (Ording Müller et al. 2011). In addition
bony depressions, often not appreciated on radiographs,
are present in all cases (Figs. 4a–d and 5).

4 Assessment of Bone Age

Assessment of bone age is a complex task: it is prone to
intraobserver and interobserver variation and can depend
on experience of the method used. A hand of a given
age can often contain individual bones of differing

Fig. 7 Conversion of Red marrow. Red marrow conversion
begins in the epiphyses (a) within 6 months of the development
of the secondary ossification centre. Conversion is then seen in
the diaphysis, expanding with time towards the metaphyses (b).
The distal metaphysis converts followed by the proximal (c)

Fig. 8 Individual bones of differing ages. 11y old, healthy
male. Assessment of skeletal maturity shows a marked
discrepancy between proximal and distal development, with a
skeletal age of 10y based on the fingers, and 7y based on the
carpal bones. Such variation can be normal, but there are
known associations with central causes of growth disturbance
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maturity (Fig. 8). Variations in skeletal maturation
between ethnic groups have been observed, however the
cause is a contentious subject. Development is known to
take place in a sequence which is identical for both sexes
and all ethnicities (Zhang et al. 2009), however, the most
robust evidence indicates that variations in the rate of
skeletal developmentare minimally affected by ethnicity,
and that socio–economic factors are of much greater
significance (Schmeling et al. 2000).

Several methods of bone age assessment have been
devised. Atlas methods involve comparison by age and
sex matched controls with descriptions of bones,
accompanying radiographs are intended primarily as
illustrations. Examples include the Atlases of Greulich
and Pyle, and Theimann and Nitz, which refer to North
Americans of Northern European descent and Central
European children of unspecified ethnicity respectively.
The Greulich and Pyle age assessment is by comparison
with the given reference standards within the given
normal variance for age. No variance data was given in
the original Theimann and Nitz method (Schmeling et al.
2006). Bone measurement methods include the Tanner
and Whitehouse system. This system has gone through
several refinements, the latest being the ‘TW3’ system
(Tanner et al. 2001). The developing hand is divided into
multiple regions of interest and the development of each
region divided into discrete stages. A numerical score is
associated with each stage and the total score allows
assessment of maturity.

Studies comparing the various methods of assess-
ment must be analysed with the understanding that, as
discussed earlier, skeletal maturation is dependent on
socio–economic factors. Therefore, methods based on
certain populations at certain times may not be
comparable with other populations.

Greulich and Pyle, and Theimann and Nitz offer
close agreement in assessment, however, the Thiemann
and Nitz method may be better for preventing over
estimation of skeletal age in populations with high
acceleration status (Schmidt et al. 2007). Atlas methods
may be subject to greater interobserver variation, but
are much less time consuming than measurement
methods. The Tanner–Whitehouse system allows a
more objective assessment, but is much more time
consuming than the atlas methods. Greulich and Pyle,
and Tanner and Whitehouse have been compared and
found to give clinically significant differences in bone
age and therefore only one method should be used in

longitudinal assessment (Bull et al. 1999; Schmidt
et al. 2008).

Automated computer systems have been developed
in an attempt to avoid the difficulties associated with the
human mind assigning a discrete age to the essentially
continuous changes of bone age. The initial aim was to
automatically identify bones by means of comparison
with deformable models. Identified bones are then
individually assessed for age before conversion into a
recognised bone age scale i.e. Greulich and Pyle or
TW3. This modern approach has been validated clini-
cally (Thodberg 2009), and future refinements may
result in completely automated systems.

As has been seen, MRI shows characteristic changes
to the bones of the hand and wrist with development and
may provide more accurate means to assess bone age in
the future without the disadvantage of exposure to
ionising radiation. The technique has already been
shown to have some role in assessing skeletal age of
adolescent football players, where the use of ionising
radiation cannot be justified (Dvorak et al. 2007).
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Abstract

Congenital hand differences (CHD) have been
estimated to occur in 10% of children born with
congenital abnormalities. CHD can be classified
according to their pre-dominant abnormality using
the Swanson classification. Failure of differentia-
tion represents the most common group. Associ-
ated (nonlimb) abnormalities are common and it is
important to identify those CHD requiring sys-
temic evaluation. Radiology is important in the
diagnosis and management of CHD with plain
films providing the mainstay of imaging postna-
tally. The management of CHD should be within a
multi-disciplinary environment.
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1 Introduction

Of the 1–2% of newborns born with congenital
defects, 10% are born with upper limb malformations
(McCarroll 2000). The incidence is higher in boys,
with pre and post-term births, with multiple preg-
nancies and with increased maternal age (Giele et al.
2001). Congenital hand abnormalities are now com-
monly described as congenital hand differences
(CHD). The majority (60%) of CHD has an unknown
etiology but genetic factors may be attributable in
20% and environmental teratogens in 20% (Netscher
and Baumholtz 2007). The embryologic limb bud
can be seen at 4 weeks after fertilization, and the
existing fetal limb structures continue to grow and
develop for 8 weeks after fertilization. Most CHD
are thought to arise during this 4-week interval
(Kozin 2003).

CHD vary widely in their functional and aesthetic
implications. Associated (nonlimb) abnormalities are
also common, up to 26.7% in some series (De Smet
2002). It is important to identify those CHD which
require further systemic evaluation and to diff-
erentiate them from isolated CHD. For example,
radial deficiency occurs commonly in a number of
syndromes such as the VACTERL association (ver-
tebral abnormalities, ano-rectal and cardiac abnor-
malities, tracheo-oesophageal fistula, oesophageal
atresia, renal defects, radial dysplasia and lower limb
abnormalities).

Management must always be conducted in a multi-
disciplinary environment, involving surgeons, phys-
iotherapists, orthotists, paediatricians, prosthetists,
psychologists, anaesthetists, geneticists and radiolo-
gists. The purpose of this review is to provide an
illustrated classification of congenital hand differ-
ences for radiologists, which will also be of interest to
the other members of the multi-disciplinary team.

2 Imaging

CHD may be demonstrated by antenatal ultrasound
particularly late in the first trimester and in the middle
of the second trimester of pregnancy (Rypens et al.
2006) (Fig. 1). Three-dimensional ultrasound may be
helpful in defining the abnormality more clearly
(Ploeckinger-Ulm et al. 1996). Prenatal classification

and characterization may help to identify fetuses that
would benefit from more complete prenatal cardiac
and karyotypic workup.

Postnatally, plain films provide the mainstay of
imaging, with ultrasound and magnetic resonance
imaging (MRI) providing useful additional charac-
terization in a minority of cases, principally in the
clarification of the nature of masses and other causes
of overgrowth.

3 Classification

The most widely accepted classification of CHD
was proposed by Frantz and O’Rahilly and pre-
sented by Swanson (Frantz and O’Rahilly 1961;
Swanson 1976). This was subsequently modified by
the International Federation of Societies for Surgery
of the Hand (IFSSH) in 1983 (Swanson et al.
1983), and further modified by the Japanese Society
of Surgery of the Hand (JSSH) in 2000. The major
categories are listed in Table 1 and are subse-
quently discussed.

Fig. 1 2D Ultrasound image of a fetal hand of a fetus in the
second trimester with trisomy 13 and post-axial polydactyly
(Image courtesy of Dr Françoise Rypens)
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The seven categories differentiate the CHD
according to the predominant abnormality, and further
define the abnormality according to the nature of the
embryonic failure during development. Group II
(failure of differentiation) represents the most com-
mon group.

4 Failure of Formation

Failure of formation of parts can be divided into
transverse and longitudinal subgroups. Transverse
deficiencies occur when growth stops abruptly,
resulting in a ‘‘congenital amputation’’ and a short-
ened or truncated limb. Longitudinal deficiencies
occur when structures are hypoplastic or absent along
a longitudinal axis of the limb, resulting in abnormal
formation and function biased down one ‘side’ of the
limb (either the radial or ulnar sides, or ‘centrally’
between the two) (Kozin et al. 2004). In reality, most
CHD within this group are mixed to some degree.

4.1 Transverse

This is defined according to the bone segment at
which the growth arrest occurs (Van Heest 1996). The
most common transverse deficiency occurs at the
junction of the proximal and middle thirds of the
forearm (Fig. 2).

These anomalies are usually unilateral, sporadic,
and are rarely associated with other anomalies.
Rudimentary ‘‘nubbins’’ or dimpling may be found at
the distal end of the congenital amputation (Kozin
2003). This should not be confused with Constriction

ring syndrome which may also manifest as an
‘amputation’ but requires the presence of a constric-
tion ring either affecting the involved extremity or
elsewhere (Wiedrich 1998).

4.2 Longitudinal

In this group the radial, central or ulnar side of the limb
is abnormal. They may very rarely be characterized by
absence of one or more ‘segments’ (‘forearm’ versus
‘upper arm’ versus ‘both’) of the upper limb (phoco-
melia), such as those defects attributed to maternal
exposure to thalidomide. For example, when both
segments are missing (‘complete phocomelia’), the
hand is attached directly to the shoulder.

4.2.1 Radial
Radial dysplasia is the most common longitudinal
deficiency and occurs when structures on the radial
side of the arm fail to develop properly. It is fre-
quently bilateral (40–60%) with a male:female ratio
of 3:2 (Van Heest 1996). It has been described as ‘‘an
abnormal hand joined to a poor limb by a bad wrist’’
(Flatt 1994) (Fig. 3).

Table 1 Abbreviated embryologic classification of CHD
(adapted from Swanson 1976)

1 Failure of formation

2 Failure of differentiation

3 Duplication

4 Overgrowth

5 Undergrowth

6 Constriction ring syndrome

7 Generalised skeletal abnormalities

Fig. 2 Commonest level of transverse growth arrest at prox-
imal radius and ulna (arrow)
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Radial deficiency can range from mild hypoplasia
to complete absence of the radius and thumb (the
commonest type) (Fig. 4). The child presents with a

hand that is radially deviated at the wrist. In the hand,
the thumb is almost always affected and the fingers
frequently have limited motion and function, the
severity of which decreases from the radial to the
ulnar side (James et al. 2004). The ulna is also usually
shortened and bowed and may need later osteotomy
(Fig. 5a, b).

A classification scheme has been described by
Bayne and Klug for radial deficiency with proposed
modifications by James et al. (Bayne and Klug 1987;
James et al. 1999). For the purposes of imaging, it is
useful to divide the deficiency into components and
describe the characteristics of each component (James
et al. 1999; Kozin 2003).
1. Thumb:

I. absent
II. hypoplastic

2. Carpal bones:
I. normal

II. absent
III. hypoplastic
IV. coalition

(Nb: Ossification centers of the carpal bones
appear at a variety of ages ranging from 2 months for
the capitate and hamate, to 4 years for the scaphoid,
trapezium and trapezoid.)

3. Distal radius
I. normal

II. [2 mm shorter than ulna
III. absent physis
IV. absent

4. Proximal radius:
I. normal

II. radioulnar synostosis
III. radial head dislocation
IV. hypoplastic

V. absent
The elbows are commonly stiff, and the abnormal

features frequently extend further proximally (Fig. 6).
Recently Goldfarb and colleagues (Goldfarb et al.
2005) proposed a further subtype of proximal radial
longitudinal deficiency, involving an abnormal gle-
noid, an absent proximal humerus (with the distal
humerus articulating with the ulna) and radial sided
hand abnormalities.

Treatment involves straightening (centralization)
of the wrist, currently achieved by initial distraction
(Fig. 7a) followed by centralization (Fig. 7b) (both
of which require perioperative fluoroscopic

Fig. 3 Radial dysplasia displays an array of upper limb
differences, the most striking of which are usually the radially
deviated wrist (white arrow), absent thumb (black arrow),
shortened forearm and stiff elbow

Fig. 4 Radial dysplasia has a spectrum of abnormalities of the
radius, the commonest being complete absence of the radius. In
such cases the ulna (arrow) is relatively hypoplastic also
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screening), and later pollicisation (shortening and
rotation of the index ray on its neurovascular pedicle
to the position of the thumb, with tendon and
intrinsic muscle rebalancing to create a ‘thumb’
from the index finger).

Importantly, radial longitudinal deficiencies often
present as part of a syndrome. Associations include
hematological conditions (e.g., thrombocytopenia-
absent radius syndrome and Fanconi’s anaemia), cardiac
anomalies (e.g., Holt Oram syndrome), the VACTERL
syndrome (see Sect. 1) and craniofacial syndromes (e.g.,
Nager and Duane syndromes) (Lourie and Lins 1998).

Children with radial longitudinal deficiencies
should therefore have a thorough multi-disciplinary
evaluation at the time of presentation to exclude
associated abnormalities, understanding that some of
these may not be immediately apparent (e.g., Fan-
coni’s anaemia has a median age of onset of seven
years of age) (Kozin 2003).

4.2.2 Central
This involves deficiencies of the central part of the
hand and is also known descriptively as ‘cleft hand’,
with traditional terms such as ‘split hand’ or ‘lobster
claw hand’ having been rightly dropped because of
their potentially emotive nature. Two types of cleft
hand have been described, formerly known as ‘typi-
cal’ and ‘atypical’. Although they may appear similar
morphologically, they both have major clinical dif-
ferences and probably different embryological deri-
vations (Miura and Suzuki 1984; Ogino 1990a).

The typical cleft hand (now known as ‘true’ cleft
hand) has a deep V-shaped defect (Fig. 8a, b). Most
commonly the phalanges are missing. The metacar-
pals may be absent or malpositioned (Fig. 9), but are

Fig. 5 a and b In radial
dysplasia the ulna is
frequently bowed, and may
require correction as in this
case which had been
centralized 10 years
previously. The osteotomy
site (arrow) is secured with a
large K-wire, removed at six
weeks a pre-op b post op

Fig. 6 Radial dysplasia with severe hypoplasia of the ulna
(black arrow) and humerus (white arrow), both of which are
shorter than the hand itself
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rarely hypoplastic. Joints at the site of the cleft can be
very complex (Fig. 10), (Barsky 1964; Ogino 1990).
This type of deficiency is often bilateral, and is

usually inherited. There may be syndactyly of the
ring-small or thumb-index web space, and associated
foot involvement is common (Fig. 11). True central

Fig. 7 Treatment of the radially deviated wrist is best achieved
by (a) initial gradual lengthening of the soft tissues using an
external distraction frame to bring the hand in line (arrow) over

the end of the ulna, followed by (b) removal of the frame and
formal centralization, with tendon transfers and temporary axial
K-wire fixation, requiring intraoperative fluoroscopy

Fig. 8 a True cleft hand is usually bilateral, with V-shaped clefts (arrows), though the severity may differ between the two hands
as in this case. b True clefts are usually centered on an absent third ray (arrow)
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dysplasia is also associated with cleft lip and palate
but not Poland syndrome (Miura and Suzuki 1984;
Ogino 1990a).

Atypical cleft hand has a shallower, U-shaped
central defect that involves the central three digits
(index, long and ring) (Fig. 12a), (Kozin 2003). It is a
form of symbrachydactyly (shortened and webbed
digits) that can vary in degree from the ‘short finger
type’ (Fig. 12b), to absence of the central three digits
(Fig. 12a), to a monodactylous type (thumb only, no
fingers) (Fig. 12c, d), to complete absence of all
digits, with only very rudimentary ‘nubbins’ (per-
omelic type) (Fig. 12e).

Atypical cleft hand is usually unilateral and spo-
radic. It is not associated with lower limb malfor-
mations or cleft lip and palate (Miura and Suzuki
1984; Ogino 1990a) but is associated with Poland
syndrome (Fig. 13) (Ireland et al. 1976). The degree
of hand deficiency in Poland syndrome does not
correlate with that of the chest wall deformity,
therefore clinical evaluation of the chest wall is
required with all cases of symbrachydactyly (Kozin
2003).

4.2.3 Ulnar
This represents a spectrum of abnormalities along the
ulnar surface of the upper limb. It is far less common
than radial and central longitudinal deficiency
(Miller et al. 1986; Schmidt and Neufield 1988)
(Figs. 14a, b; 15; 16a, b).

Fig. 9 In true cleft hand a wide spectrum of severity is seen, in
which transverse metacarpals can cause progressive widening
of the cleft (arrow)

Fig. 10 This unusual variant demonstrates the complex joints
(arrows) which can exist in cleft hands, requiring vigilance
during surgical corrections

Fig. 11 Foot involvement is common in true cleft hand patients

Congenital and Developmental Abnormalities 97



Radial sided hand anomalies may co-exist with
ulnar longitudinal deficiency and hand abnormal-
ities are present in 68–100% of cases (Miller
et al. 1986). Ulnar longitudinal deficiency may be

associated with other musculoskeletal anomalies
(e.g., scoliosis), but is not associated with the
visceral and haemopoetic disorders seen in radial
deficiencies.

Fig. 12 Symbrachydactyly
subtypes a Atypical cleft
hand also known as‘U-shaped
cleft hand type’ with absence
of the central three digits,
leaving only the thumb
(arrow) and little finger, both
of which are hypoplastic in
this case. b Short finger type,
with proximal phalanges and
reasonable soft tissue enve-
lopes distally (arrows) of the
central three digits, which
could be amenable to aug-
mentation with bone grafts.
c Monodactylous type, in
which only the thumb
remains (white arrow), but
potentially useful soft tissue
envelopes to the index and
little fingers (black arrows).
d Monodactylous type, with
only the thumb, and no distal
soft tissue. Function would be
greatly improved by free toe
transfers, or even custom
made prostheses. e Peromelic
type, with severe attenuation
at metacarpal level (arrow
denotes proximal palmar
crease)
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5 Failure of Differentiation

5.1 Syndactyly

Syndactyly is one of the most common hand
anomalies and results from incomplete separation of
two or more adjacent digits. It has an incidence of
1:2,000 live births (Flatt 1994). The anomaly can
be sporadic or familial (a family history is present
in 10–40% of cases) and it may be associated with
other syndromes including Poland syndrome and
craniosynostoses such as Apert’s syndrome (Fig. 17)
(Kozin 2001).

It is classified as ‘complete’ if it reaches the distal
interphalangeal joint (Fig. 16a), ‘incomplete’ if
proximal to this joint, ‘simple’ if it involves only
skin and soft tissue, and ‘complex’ if there is a bony
fusion (usually distal) (Fig. 16b) (Van Heest 1996).
Any combination of web spaces may be involved,
but the commonest is an isolated third web-space
involvement (between the ring and middle fingers).
Syndactyly can also be classified as ‘complicated’ if

it occurs in association with other abnormalities in
the affected area, such as duplication (Fig. 18).
Syndactyly should be differentiated from.‘Acrosyn-
dactyly’ (distal fusion with a proximal fenestration)
which occurs in association with Constriction ring
syndrome (see Sect. 9).

Radiographs may indicate that separation of syn-
dactyly is not always appropriate (Fig. 19a, b).

5.2 Arthrogryposis

This term has been used to describe conditions that
present with congenital joint contractures (Mennen
et al. 2005). This clinical entity has also been
described by Sheldon as amyoplasia (Sheldon 1932)
and most affected children (84%) present with
involvement of all four limbs (Sells et al. 1996).

The contractures are thought to be the end result
of decreased intra-uterine movement by the fetus
which may occur because of neuropathies, myopa-
thies, abnormal connective tissue or decreased intra-
uterine space. It is a sporadic condition with an
incidence of 1 in 10,000 live births (Hall 1997)
(Fig. 20a, b).

5.3 Camptodactyly

This is a painless flexion contracture of the proximal
interphalangeal joint (PIPJ) that usually affects the
little finger and may be progressive. It is not related to
trauma and is estimated to affect just under 1% of the
population to some degree (Smith and Kaplan 1968)
(Fig. 21). A classification system has been described
by Benson with three main types (Benson and Kaplan
1994). Type I presents in infancy and is frequently
confined to one or both little fingers, with approxi-
mately equal sex incidence. Type II presents in ado-
lescence with females being affected more commonly
than males. The deformity worsens with the adoles-
cent growth spurt. Type III is more severe and usually
affects multiple digits in both hands (Koman et al.
1990), and may be associated with chromosomal
disorders and skeletal abnormalities. Most structures
within the finger have been implicated, although
abnormalities of the intrinsic lumbrical muscles of the
superficial flexor tendon are not uncommon operative
findings.

Fig. 13 Poland’s syndrome with shortened digits due mostly
to attenuation or absence of the middle phalanges (arrow),
syndactylies and global hypoplasia of the hand, in association
with other upper limb and chest deformities
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Plain radiograph assessment is vital, as the pres-
ence of classical bony changes around the joint pre-
dicts a very poor surgical outcome. These bony
changes include flattening of the head of the proximal
phalanx, widening of the base of the middle phalanx,
and an indentation at the neck of the proximal pha-
lanx (Ty and James 2009) (Fig. 22).

5.4 Clinodactyly

This refers to an abnormal deviation of a finger in the
coronal or radioulnar plane which typically affects the
middle phalanx of the little finger. The finger devia-
tion is usually directed radially. Minor angulation of
\10 degrees is so common that it may be regarded as
a normal variant (Ezaki 1999).

Familial clinodactyly with an autosomal dominant
pattern of inheritance usually presents bilaterally, and

Fig. 14 a and b Ulnar dysplasia has deficiencies of the ulnar
side of the upper limb, with partial or complete absence of the
ulna, commonly with the radius providing a one-bone forearm
(short arrows), loss of ulnar digits, ulnar deviation at the wrist,
and syndactylies (long arrows)

c

Fig. 15 Radiohumeral synostosis (arrow) can be seen in ulnar
dysplasia
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Fig. 16 Syndactyly a Simple, complete syndactyly with soft
tissue union only, distal-to-distal interphalangeal joint (arrow).
b Complex syndactyly with bony union which is usually at the

distal phalangeal level (arrow), and requires earlier release than
simple syndactyly as bony deformities can occur quickly with
growth

Fig. 17 Apert’s hand with complex syndactyly (short white
arrow), poorly developed or absent proximal interphalangeal
joints (‘symphalangism’ (black arrows)), and a shortened
deviated thumb caused by a delta phalanx (large white arrow)

Fig. 18 Complicated syndactyly, with distal bony union (large
arrow) and unusual duplication of the middle phalanx (small
arrows)
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is not associated with genetic syndromes. Clinodac-
tyly may also be associated with syndromic and
genetic conditions, most notably Down syndrome, in
which the prevalence has been estimated at 35–79%
(Flatt et al 1994).

The deformity is caused by an abnormally shaped
middle phalanx, which may be triangular (a ‘‘delta’’
phalanx) or trapezoidal because of a C-shaped epiphysis
(Jones 1964) (Fig. 23). Serial plain radiographs can be
useful for objective monitoring of the angle of deviation.
If progression occurs despite non-operative treatments

Fig. 19 Syndactyly release is sometimes contraindicated, as
X-rays may reveal that the fingers work better together than if
they were separated

Fig. 20 Arthrogryposis is frequently associated (a) with multi-
ple camptodactylies (arrows), sometimes affecting all digits (b)
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(principally night splintage), surgery in the form of a
wedge osteotomy may be required (Fig. 24a, b).

Delta phalanges can occur elsewhere in the hand
and are frequently seen in the thumbs of Apert’s
patients, where they can cause marked deviation
(Fig. 25) and often require surgery.

5.5 Congenital Thumb Flexion
Deformities

Trigger and clasped thumbs are the two main causes of
congenital flexion deformities of the thumb, with flex-
ion, respectively at the interphalangeal and metacarpo-
phalangeal joints. In trigger thumbs, a thickening in the
flexor tendon may be felt at the A1 pulley level (clini-
cally at the level of the metacarpophalangeal level).

In clasped thumbs there is a wide spectrum of
differences, starting with attenuation then absence of
the extensors, and progressing to flexion contractures
with global thumb hypoplasias. Clinical evaluation
usually suffices, though ultrasound may be useful in
assessment of the tendons to aid in treatment plan-
ning. Hypoplastic extensors in a clasp thumb may
respond to simple splintage whereas aplasias require
tendon transfer.

Fig. 21 Camptodactyly most commonly involves the little
fingers, with stretching exercises and splintage forming the
mainstay of treatment, with surgery often yielding disappoint-
ing results

Fig. 22 Bony changes in camptodactyly chisel shaped head of
proximal phalanx (long arrow), indentation of the neck of the
proximal phalanx (short arrow), and widening of the base of
the middle phalanx augur a poor surgical result

Fig. 23 Clinodactyly showing abnormal C-shaped epiphysis
of middle phalanx (arrow)
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Fig. 24 Clinodactyly show-
ing (a) a delta phalanx with
fused epiphysis, treated by
(b) a closing wedge osteot-
omy (arrow) and temporary
K-wire

Fig. 25 Apert’s thumb delta phalanx (arrow), which usually
requires surgical correction

Fig. 26 Rudimentary radial duplicate (arrow)

6 Duplication

This probably results from splitting of the original
embryonic part rather than a true duplication
(Van Heest 1996). Polydactyly may be ‘preaxial’ (radial
i.e., thumb), postaxial (ulnar i.e., little finger) or central.

6.1 Post-Axial Polydactyly

Duplications involving the ulnar aspect of the hand
are more common in patients of African descent.
The incidence is reported as 1 in 1,339 live births in
Caucasians and 1 in 143 live births in African
Americans (Watson and Hennrikus 1997).
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Although it is commonly an isolated finding with
autosomal dominant transmission and a favorable
prognosis, it may also be associated with various

syndromes. The presence of post-axial polydactyly in
Caucasians is more suggestive of an underlying syn-
drome and merits systemic evaluation. Syndromes

Fig. 27 Ulnar duplication is based on the Stelling classifica-
tion. a Type 1 skin bridge only (arrow) requiring only simple
excision. b Type 2 strong bony attachment, requiring

preservation and reinsertion of the ulnar collateral ligament
from accessory digit to fifth finger (position of insertion marked
with arrow). Type 3 is complete duplication of metacarpal

Fig. 28 Triphalangeal thumb (arrow)
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Fig. 29 The Wassel classification divides radial duplication
into seven subtypes. a Type 2 duplicated distal phalanx. b Type
3 bifid proximal phalanx. c Type 4 duplicated proximal

phalanx. d Type 6 duplicated metacarpal. Type 1 is a bifid
distal phalanx, type 5 is a bifid metacarpal, and any duplication
with a triphalangeal element is classified as a Wassel type 7
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include trisomy 13, Meckel-Gruber syndrome,
Bardet-Biedl syndrome, Smith–Lemli–Opitz syn-
drome, short rib-polydactyly syndromes and Ellis van
Crevald syndrome (Lachman 2007).

Accessory digits may be well developed or rudi-
mentary (Fig. 26) (Watson and Hennrikus 1997).
Commonly the digit is rudimentary and held by a soft
tissue bridge requiring only a simple excision

Fig. 30 Wassel 4 duplication at the metacarpophalangeal level
is the commonest subtype (50%). a Well-matched duplicates,
which would require skeletal amalgamation. b Post-amalgam-
ation procedure of Wassel 4 duplication in which the radial
duplicate was relatively hypoplastic, but which still requires

preservation of soft tissues (arrow) from radial duplicate (radial
collateral ligament, thenar muscle insertions and almost all of
the skin), and reinsertion into the dominant ulnar duplicate.
Only the hypoplastic skeleton, pulp and nail complex has been
discarded

Fig. 31 Proteus syndrome Fig. 32 Ollier’s disease—multiple exostoses (arrows)
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(Fig. 27a), though there can be bony attachments at
proximal phalangeal or metacarpal level (Fig. 27b),
requiring more involved surgery.

6.2 Pre-Axial Polydactyly

Although it is less common than post-axial polydac-
tyly, it is more common in Caucasians and particu-
larly in Orientals. The incidence is 1 in every 3,000
live births in the white population (Ress and Graham
1998). Duplication alone is usually unilateral and
sporadic, however, if one of the duplicates is a

triphalangeal thumb (Fig. 28a, b), a possible syn-
dromic association should be considered (Rypens
et al. 2006) and this can be inherited in an autosomal
dominant pattern.

Thumb duplications are classified according to the
level of duplication, and Wassel’s classification is the
most widely used and accepted (Fig. 29a, b, c, d). The
most common type [Wassel type IV (Fig. 30a)]
involves a duplicated proximal and distal phalanx
sharing a common metacarpal articulation (Watt and
Chung 2009).

Treatment usually involves creation of one good
thumb out of the two duplicates, particularly if they

Fig. 33 a Large soft tissue mass on dorsum of thumb of
18 month old boy. Rapid growth raises possibility of malignant
change, meriting initial urgent radiological investigation. Plain
XR revealed no bony changes or calcification. This proved to

be a benign lipoblastoma. b Ultrasound shows superficial
heterogenous soft tissue mass. c Coronal T1 fat saturated
sequence post contrast shows avid enhancement in the
lipoblastoma adjacent to the thumb

Fig. 34 MR of right hand shows. a on the T1 sequence the mass in the hypothenar eminence (large arrow) has the same signal as
fat (small arrow). b on the T2 fat saturated sequence both fat and the mass saturate out, confirming the fatty nature of the mass
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are of a fairly even size match, (i.e., amalgamation
rather than excision) (Fig. 30b) and therefore plain
radiographs are vital for surgical planning.

6.3 Central Polydactyly

This includes duplications that involve the index,
middle or ring fingers and is often accompanied by
syndactyly and cleft hand (Ress and Graham 1998;
Tada et al. 1982).

6.4 Mirror-Hand and Mirror-Hand
Spectrum

Duplication of the ulna, absence of the radius and
thumb and duplication of the ring and small fingers
about a common central finger characterize this
exceedingly rare deformity. Only six cases of true
mirror hand have been described in the literature
(Watt and Chung 2009).

7 Overgrowth Conditions

These account for a small proportion of CHD and the
region affected ranges from the entire limb, forearm,
hand or digit. Overgrowth syndromes which may
involve the hand include nerve territory orientated
macrodactyly, lipomatous overgrowth, Proteus syn-
drome (Fig. 31), hemihypertrophy, Maffucci Syndrome,
Ollier disease (Fig. 32), Parkes Weber Syndrome,
Klippel-Trenaunay Syndrome and CLOVE syndrome
(capillary malformations (C), lipomatous overgrowth of
the trunk or extremities (LO), vascular malformations
(V), epidermal naevi (E)) and generalized skeletal
abnormalities) (Sapp et al. 2007).

In such cases, ultrasound and MRI can be very
useful in clarifying the nature and soft tissue origin of
the overgrowth (Figs. 33a, b, c; 34a, b; 35a, b). The
typical MRI features of lipofibromatous hamartoma
of the median nerve are illustrated (Fig. 36a, b, c).

7.1 Nerve Territory Oriented
Macrodactyly and Lipomatous
Macrodactyly

This is the most common overgrowth condition pre-
senting to a hand surgeon. It is usually unilateral with
a male predominance and no familial inheritance
(Carty and Taghinia 2009). The lipomatous over-
growth may correspond with the ulnar or median
nerve distribution within the hand (Fig. 37a, b). The
affected nerves within the palm are characteristically
grossly enlarged and compression neuropathies are
common. The intrinsic muscles, joints, periarticular
structures and skeletal parts are enlarged but blood
vessels are of normal size. This latter fact is of great
importance as the relative ischaemia in this condition
can lead to difficulties in healing post surgery.

Fig. 35 Ollier’s disease MRI. a T2 fat saturated coronal image
shows the distribution of the high signal enchondromata b T1
fat saturated axial image post contrast shows a typical mottled
chondroid type enhancement pattern in one lesion (arrow)
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8 Undergrowth Including
Hypoplastic Thumb

This results from complete formation of the part
during the embryonic period but incomplete growth
and development during the fetal period (Van Heest
et al 1996).

This group consists largely of the spectrum of
hypoplasia of the thumb which can occur as an iso-
lated entity, or more commonly in association with
radial deficiencies. It is frequently bilateral and is

often found in association with other hand differences
including multiple other short digits, duplicated
thumbs and a number of syndromes (Netscher and
Baumholtz 2007).

The classification of thumb hypoplasia by (Blauth
1967) is useful in treatment planning, with less severe
types requiring either no surgery or augmentation
procedures (such as tendon transfers, ligament
reconstruction and web-space deepening), whereas
more severe forms (Fig. 38) require the creation of a
new thumb by pollicisation of the adjacent index
finger (Fig. 39a, b).

Fig. 36 Lipofibromatous hamartoma of the median nerve.
a Coronal T1 shows high signal mass in the carpal tunnel
(arrows) b Axial T1 sequence again shows the mass infiltrating
the median nerve (arrows) c Operative photograph shows

massive enlargement (white arrow) of the median nerve in the
distal forearm and carpal tunnel caused by extensive and diffuse
fatty infiltration, with relative sparing and more normal
dimensions distally (black arrow)

Fig. 37 a and b Nerve orientated macrodactyly following the median nerve distribution
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Plain radiographs are vital in the assessment of the
hypoplastic thumb as the absence of a well-formed
thumb basal joint (Fig. 40), indicates that augmenta-
tion procedures would be unlikely to produce a useful
thumb, and requires a pollicisation of the index finger,
with removal of the poorly-developed original thumb.

Hypoplasia of the fingers most commonly affects
the index and little fingers with the middle phalanx
being the most commonly affected bone (Fig. 41).
This CHD is frequently inherited in an autosomal
dominant pattern, and is associated with numerous
congenital syndromes including Treacher Collins,
Apert, Poland, Cornelia de Lange and Bloom syn-
dromes (Flatt et al 1994).

9 Constriction Ring Syndrome

This is a rare condition where the fetus may become
entangled in the amniotic membrane although the
exact etiology remains controversial. It had been
postulated that early amniotic rupture leads to the
development of fibrous bands, which entangle the
digits and limbs leading to intrauterine amputations
and malformations (Torpin 1965). It has also been
described as amniotic band syndrome. Prenatal risk

factors include prematurity, low birth weight, mater-
nal drug exposure, maternal illness or trauma during
pregnancy (Kawamura and Chung 2009). The repor-
ted incidence is 1 in 15,000 live births. There is no
sex predilection and 60% have an abnormal antenatal
history (Foulkes and Reinker 1994).

The abnormalities are characteristically asymmet-
ric and the most common findings include distal ring
constrictions (Fig. 42a, b, c), intrauterine amputations
(Fig. 43a, b, c, d) and acrosyndactyly (distal fusion of
digits with a proximal fenestration that communicates
the dorsal side with the volar side) (Fig. 44). The
fingers may be truncated, a small cleft remains at the

Fig. 39 Pollicisation of index finger for patient in Fig. 38 a Neo
trapezium created by head of index metacarpal. b Pollicisation in
such cases greatly upgrades the function of the hand

Fig. 38 Total aplasia of the thumb (Blauth grade 5)
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site of the web space, and lower limb constriction
bands and talipes deformities may be seen, (Kozin
2003; Wiedrich 1998; Foulkes and Reinker 1994).
These features are not typically present with syndac-
tyly resulting from inheritable and sporadic causes.

Interpretation of plain radiographs can be difficult
in the more severe forms, in which the digits can be
entwined and fused (Fig. 45a, b; 46a, b).

10 Generalized Skeletal Abnormalities

This includes conditions that do not fit into the other six
categories described by Swanson, and includes skeletal
hand deformities that are characteristic of a generalized
bone and connective tissue disorder. The ‘‘tumour’’
like bone dysplasias including diaphyseal aclasia, and
the fibrous disorders including neurofibromatosis and
fibrous dysplasia are covered in separate chapters.

More than 250 skeletal dysplasias have been
described with a complex classification system
involving more than 30 groups organized by genetic
and radiologic similarities. A comprehensive

description of all the skeletal dysplasias involving the
hand and wrist is therefore beyond the scope of this
chapter, and reference should be made to a detailed text
on this topic, (Lachman 2007; Spranger et al. 2002).

Antenatal ultrasound is able to diagnose many
skeletal dysplasias (Dighe et al. 2008). In addition,
low dose prenatal CT is starting to be used in large
centers from the second trimester onward to provide
further diagnostic information and aid antenatal
counseling (Cassart 2010; Cassart et al. 2007). Post-
delivery examination, plain film assessment, post
mortem and genetic testing are, however, vital for
determining a specific diagnosis for recurrence risk
and counseling (Tretter et al. 1998).

A skeletal survey for the assessment of a skeletal
dysplasia includes plain films of the skull, entire
spine, chest, pelvis and extremities and there should
be a systematic approach in the assessment of the
bony skeleton.

It is important initially to determine the presence of
any disproportionate shortening of the extremities and
identify the presence of rhizomelia (proximal short-
ening of humerus or femur), mesomelia (middle seg-
ment shortening of tibia, fibula, radius and ulna) and/or
acromelia (distal segment shortening of the hands and

Fig. 40 A poorly developed basal joint in thumb hypoplasia
(Blauth grade 3c) makes it very difficult to augment it into a
useful thumb, though free metatarsophalangeal joint transfer
from the foot has been used

Fig. 41 Little finger hypoplasia. The marked attenuation of
the fifth ray makes it difficult to augment, and was therefore
treated in this case by ray amputation
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feet). In reality, there is often a combination of short-
ening proximally and distally but the abnormality is
categorized according to the predominant finding.

Disproportionate shortening may be present in
isolation or as part of a more generalized skeletal
dysplasia (Figs. 47, 48, 49, 50). The absence of hand
and foot shortening in the presence of other abnor-
malities can suggest a diagnosis of a spondyloepi-
physeal dysplasia congenita (Lachman 2008).

Secondly, assessment of the shape of the epiphyses,
metaphyses and diaphyses and the appearance of
epiphyseal ossification centers should be performed
with particular attention to marginal irregularity, cor-
tical thickness, flaring or flattening. Carpal bone ossi-
fication should be assessed for age and the presence of
duplications, carpal fusions or accessory bones.

Findings should be organized and differential
diagnosis and gamuts tables consulted in more spe-
cialist texts (Lachman 2007). Abnormalities should be
differentiated from normal variants, always taking
into consideration the clinical manifestations in con-
junction with the radiologic findings.

This section will illustrate several more common
examples with manifestations in the hand and wrist.

10.1 Achondroplasia Group

This includes three specific conditions, thanatophoric
dysplasia, achondroplasia and hypochondroplasia. All
have FGFR3 (fibroblast growth factor 3) mutations.

Thanatophoric dysplasia is also known as thana-
tophoric dwarfism and represents the second most
common lethal bone dysplasia after osteogenesis type
II. This condition is subdivided into types I and II,
both of which are autosomal dominant mutations. In
the extremities, there is generalized micromelia
(shortening of all segments) and marked limb curva-
ture (Fig. 51).

Achondroplasia is the most common, non-lethal
skeletal dysplasia. It is an autosomal dominant con-
dition with a spontaneous mutation rate of 80%. Most
patients have a combination of rhizomelic, mesomelic
and acromelic changes. In the hands, there is typically
brachydactyly, metacarpal metaphyseal cupping and
phalangeal metaphyseal widening (Lachman 2008)
(Figs. 52, 53, 54).

Hypochondroplasia is also relatively very com-
mon, and shares many of same features of achon-
droplasia. The radiologic findings are milder and there
is typically a later presentation, but there is always
interpedicular widening in the lumbar spine.

10.2 Short Rib-Polydactyly Group

All conditions in this group are autosomal recessive
and are similar radiologically.

Short rib-polydactyly dysplasias have the shortest
ribs of all the dysplasias. In the hands, there is often
severe brachydactyly with hypoplastic middle and
distal phalanges. Polydactyly is commonly present.

Fig. 42 Ring constriction syndrome. a Tight constrictions
(arrows) with distal lymphoedema, needs relatively urgent
release. b Marked distal lymphoedema, with rings at two levels

on the same digit (arrows), plus autoamputations. c XR
confirms involvement of all digits to varying degrees
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Chondroectodermal dysplasia or Ellis van Crevald
syndrome is a short-limbed dwarfism with dysplastic
nails, hair and teeth accompanied by post-axial pol-
ydactyly and congenital heart disease. In the hands, as
well as post-axial polydactyly, there are characteristic
findings of carpal fusions, extra carpal bones and cone
shaped epiphyses (Lachman 2008) (Fig. 55).

Asphyxiating Thoracic Dysplasia or Jeune Syn-
drome has similar radiologic appearances to Ellis-van

Crevald syndrome with cone-shaped epiphyses in the
hands. Uncommonly polydactyly is present.

10.3 Multiple Epiphyseal Dysplasia
and Pseudoachondroplasia Group

In multiple epiphyseal dysplasia, the epiphyses of the
hand are small, irregular and flattened and the carpal

Fig. 43 a and b Autoamputations. c and d Bilateral asymmetrical involvement
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bones are small and irregular. There may be cone
shaped epiphyses resulting in shortening of the short
tubular bones of the hand.

Pseudoachondroplasia is a short limb, short trunk
form of skeletal dysplasia. In the hands there is typ-
ically brachydactyly. The metacarpals are rounded
proximally and there are mini-epiphyses in the hands
with irregular carpal bones (Fig. 54).

10.4 Metaphyseal Disorders

Involvement of the hands occurs to varying degrees
with the different metaphyseal dysplasias. Marked
involvement of the hands is one of the main charac-
teristics of metaphyseal chondrodysplasia McKusick
Type. There is marked shortening of the hands, and
flaring and cupping fragmentation of the metaphyses
of the metacarpals and phalanges. The Jansen type
metaphyseal chondrodysplasia demonstrates wide
separation of epiphyses from metaphyses, with met-
aphyseal expansion and cupping. Schmid type meta-
physeal chondrodysplasia, however, often has no
hand involvement (Lachman 2008).

10.5 Dysostosis Multiplex Group

This group contains all the mucopolysaccharidoses,
mucolipidoses and multiple storage diseases that
produce a skeletal dysplasia.

Hurler syndrome (mucopolysaccharidosis type IH)
has a recessive pattern of inheritance and most cases
present in late infancy or early childhood. The hands
characteristically exhibit brachydactyly, proximal

Fig. 45 a and b Ring constriction with complex arrangement
of acrosyndactylies, necessitating very early release to prevent
intractable bony deformities

Fig. 44 Ring constriction syndrome with acrosyndactyly, and
proximal fenestrations (arrows)
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Fig. 47 Brachydactyly with absent carpal bone ossification,
shortened metacarpals and shortened and dysplastic
phalanges

Fig. 46 Difficulties of classification. a Elements of syndactyly
(small white arrow), hypoplasia (large white arrow) and bony
synostosis (black arrow) in same hand. b Central duplication

(black arrow), failure of formation (missing rays) and complex
syndactylies (white arrow) in same hand

Fig. 48 Widened diaphyses of the metacarpals, proximal and
middle phalanges with ‘‘pointing’’ of the proximal ends of the
2nd–5th metacarpals. The epiphyses are also dysplastic
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metacarpal ‘‘pointing’’, diaphyseal widening of
metacarpals and proximal/middle phalanges and
small irregular carpal bones with epiphyseal ossifi-
cation delay (Lachman 2008) (Fig. 48).

Morquio syndrome (mucopolysaccharidosis type
IVA and IVB) shows proximal metacarpal rounding,
not ‘‘pointing’’ in the hands (Lachman 2008)
(Fig. 50). The inheritance pattern is autosomal
recessive (Hall 1997).

10.6 Dysplasias with Decreased Bone
Density

These are represented primarily by osteogenesis im-
perfecta. Four main types have been described with
osteogenesis imperfecta type II being the most com-
mon lethal skeletal dysplasia. In the extremities, in
osteogenesis type II, there is generalized osteoporosis
with or without fractures and shortened, widened long
bones with thin cortices (Lachman 2008).

Fig. 50 Symmetrical shortening of the metacarpals with rounded,
proximal metacarpals in a patient with Morquio syndrome. The
carpal centers are small with delayed bone maturation

Fig. 49 Slender osteopenic bones with a metacarpal index of
10.4 in a patient with Marfans

Fig. 51 Shortening and broadening of the tubular bones of the
hand in a 20-week fetus with thanatophoric dysplasia type I
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10.7 Sclerosing Bone Dysplasias

This can be divided into those conditions with
increased bone density without alteration of bone
shape (osteopetrosis and pyknodysostosis) and the
craniotubular dysplasias (craniodiaphyseal dysplasia,
craniometaphyseal dysplasia and Pyle dysplasia).

The long bones in osteopetrosis demonstrate met-
aphyseal expansion and osteosclerosis. There may be
a ‘‘bone within a bone’’ appearance of the short
tubular bones of the hand due to variation in disease
activity (Lachman 2008) (Fig. 53).

Pyknodysostosis can be differentiated by the dys-
plastic or absent terminal phalanges, in combination
with wide-open fontanelles and hypoplasia of the
clavicles (Wynne-Davies et al. 1985).

10.8 Increased Limb Length

Marfans syndrome is a connective tissue disorder with
autosomal dominant inheritance caused by mutations in
the extracellular matrix protein fibrillin I. Typically, the

Fig. 54 Small carpals with irregular contours, shortened
metacarpals and dysplastic, irregular epiphyses throughout the
hand, some of which appear fragmented in a patient with
pseudoachondroplasia

Fig. 53 Osteosclerosis of the bony skeleton and undertubula-
tion of the distal radial diametaphysis in a patient with
osteopetrosis

Fig. 52 Brachydactyly, metacarpal metaphyseal cupping and
phalangeal metaphyseal widening in a patient with achondro-
plasia. In this patient, there is also flaring of the distal ulnar
metaphysis
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patient is tall with long, slender limbs and digits. Arach-
nodactyly can be determined by an abnormal metacarpal
index above nine (sum of the lengths of the second to fifth
metacarpals divided by the sum of the widths of the same
bones) (McAlister et al. 2008) (Fig. 49).

11 Summary

While the classification of CHD presented is broadly
and most commonly used in clinical practice it has
many limitations, not least that some differences
could comfortably be placed in several groups (e.g.,
Fig. 46a, b).

Radiology is vital for the assessment, treatment
planning and follow up of all but the mildest cases of
CHD, with plain films remaining the main imaging
modality. Ultrasound and MRI are reserved for spe-
cific indications. Ultrasound can be extremely helpful
in the assessment of tendons, and in the clarification

of the nature of isolated swellings. MRI may provide
additional information in selected cases, and is par-
ticularly important in the management of more com-
plex overgrowth syndromes. Obstetric ultrasound now
allows diagnosis of CHD earlier in fetal life, and
advances in this modality will continue to raise the
possibility of novel management opportunities and
present new dilemmas.

Several CHD are associated with systemic syn-
dromes and the reporting radiologist should be aware
of these to highlight the need for further evaluation.

The management of CHD must be within a mul-
tidisciplinary environment with a team able to deal
with all of the complex issues presented by this
challenging group of patients.
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Abstract

Hand injuries account for a large proportion of all
injuries presenting to emergency departments.
Avulsion injuries of the FDP tendons are a
common sporting injury. Bowstringing of the
flexor tendons are an important imaging sign of
multiple annular pulley injuries. Mallet finger is
the most common closed tendon injury in a
sportsman. Rupture of the volar plate is a common
complication of hyperextension injury. Imaging
plays a crucial role in management of collateral
ligament injuries. The extensor mechanism of the
fingers is extremely intricate. Understanding rele-
vant anatomy is quintessential for diagnosing and
treating extensor mechanism injuries. Intra-articu-
lar metacarpal base fractures are commonly missed
on initial presentation and pronated oblique radio-
graphs help demonstrate the severity of this injury.
Imaging evaluation of sports-related injuries of the
hand should begin with radiographs. Ultrasound
and magnetic resonance imaging play a vital role
in diagnoses of soft tissue injuries. CT may be
useful in understanding complex bony injuries.

1 Introduction

Traumatic hand injuries account for a large proportion
of the workload of all emergency departments. Of a
study of 50,272 patients, Angermann and Lohmann
found that hand and wrist injuries made up 28.6 % of
all injuries (Angermann and Lohmann 1993). Of
these, 87 % involved the hand. Hill et al. found that
the majority of isolated cases of hand and wrist
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injuries arise from either a fall or sports-related injury
(Hill et al. 1998).

In this chapter, we describe the most common
traumatic soft tissue and bone injuries to the hand. We
pay attention to the anatomy and mechanism of injury
as this is fundamental to understanding and recogn-
ising patterns of injury on imaging. We also briefly
mention some of the key management options that are
important to be aware of whilst assessing the imaging
of these injuries.

2 Volar Soft Tissue Injuries

2.1 Flexor Tendons

First described by Von Zander in 1891, avulsion
injuries of the flexor tendon are common injuries in
athletes. However, flexor tendon injuries are not as
common as injuries to the extensor apparatus
(Clavero et al. 2002).

The flexor mechanism of the digits comprises two
tendons: the flexor digitorum superficialis (FDS) that
inserts on the midportion of the middle phalanx, and
the flexor digitorum profundus (FDP) which inserts
on the volar aspect of the base of the distal phalanx.
At the metacarpal head, the FDS splits and passes
round the FDP tendon forming a ring aperture through
which the FDP passes to become the more superficial
tendon at the level of the proximal phalanx shaft
(Clavero et al. 2002). These tendons run underneath
the annular (A1–A5) and cruciform (C1–C3) pulleys
lined by a synovial sheath that provides lubrication
and nutrition. The vincula, which also provide blood
supply to the tendons, connect the tendon to the
synovial sheath (Hunter 1984).

Based on the mechanism of injury, these can be
classified as open or closed injuries. For further dis-
cussion, we will concentrate on closed injuries. Open
injuries are commonly due to lacerations. Closed
injuries commonly occur when the finger is forcibly
extended during maximum contraction of the pro-
fundus muscle—when a player is attempting to make
a tackle and the ring finger slips off of the opposing
player’s shorts or jersey, hence the name ‘‘Jersey
finger’’(Aronovitz and Leddy 1998). Although it can
occur in any finger, the ring finger is the most com-
monly involved finger accounting for 75 % cases

(Hong 2005). McMaster in 1933 showed that the
tendon was the strongest link in the musculotendinous
chain and that rupture most commonly occurs at the
bony insertion (McMaster 1933). When the tendon
ruptures from its insertion, it may or may not avulse a
bone fragment of variable size.

The most reliable finding is a complete loss of
active flexion at the Distal Interphalangeal (DIP) joint
(Buscemi and Page 1987). Because pain and swelling
often mask the inability to flex the DIP joint (DIPJ), it
is not uncommon for this injury to be missed initially
and go untreated (Aronovitz and Leddy 1998).

Treatment and prognosis are influenced by several
of the following factors: the level to which the tendon
retracts, the remaining blood supply to the tendon, the
length of time between injury and treatment and the
presence and size of a bony avulsion fragment
(Aronovitz and Leddy 1998). Based on the level of
retraction and presence of bony fragment, Leddy and
Packer have classified this injury into three main
types (Table 1).

Buscemi et al., after describing four cases of FDP
tendon injuries have suggested that avulsion of the
FDP tendon with a separate intra-articular fracture of
the base of the distal phalanx should be classified as a
Type IV injury in the Leddy and Packer classification
(Buscemi and Page 1987).

Radiographs may show an avulsed bone fragment
from the distal phalanx. Severe comminution of the
distal phalanx precludes accurate restoration of the
articular surface and is important to note as it is a
contra-indication to early FDP re-insertion (Jebson
1998).

At ultrasound, normal tendons are echogenic in the
hand and wrist compared to muscle. They also show a
typical fibrillar echotexture, which reflects their his-
tological structure of longitudinally oriented bundles
of collagen fibres (Jeyapalan et al. 2008). In cases of
tendon rupture, discontinuity with a gap in the flexor
tendon may be seen. The gap may be filled with
disorganised, echogenic fibrinous material (Jeyapalan
et al. 2008). In the presence of tendon rupture, dis-
continuity of the flexor tendon is seen with the gap at
the rupture site (Figs. 1 and 2). In some patients, the
tendon remains in continuity but is attenuated with
subtle loss of fibrillar pattern due to partial division.
These tendons may show less excursion than tendons
in the neighbouring fingers on dynamic ultrasound
assessment (Jeyapalan et al. 2008).
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On all magnetic resonance (MR) sequences, the
flexor tendons appear as low-signal-intensity struc-
tures. In general, T1-W images provide good ana-
tomical detail, while T2-W images are useful in
assessment of inflammatory change that is associated
with most pathological conditions (Clavero et al.
2002). Magnetic resonance imaging provides a non-
invasive method to identify the site of tear, the degree
of retraction of the torn fibres and other associated
soft tissue injuries (Peterson and Bancroft 2006). In
the presence of trauma, the associated oedema,
haematoma and fibrosis compromise the tendon
image quality and a tendon rupture is unlikely to be
identified (Beltran et al. 1987).

Based on the current literature review, there is a
general consensus that prompt reinsertion of an acute
FDP avulsion injury is the preferred choice of treat-
ment. In chronic injuries, the patient may be asymp-
tomatic as they adapt by passively assisting DIPJ
flexion, and do not require any further treatment
(Aronovitz and Leddy 1998; Jebson 1998). If there is
instability of the DIPJ with weakness of pinch or
recurrent dorsal dislocations, joint arthrodesis or

tenodesis should be considered (Aronovitz and Leddy
1998).

2.2 Annular Pulleys

Normal finger flexion is a complex fine motor action
that requires the integrity and orchestration of a
number of delicate structures that are centred around
the flexor tendon system (Hauger et al. 2000). The
flexor tendon sheath pulley system is of paramount
biomechanical importance in flexion, not only for
accurate tracking of the tendon but also to maintain
the apposition of tendon and bone across the joint and
provide a fulcrum to elicit flexion and extension (Lin
et al. 1989). Doyle and Blythe in 1975 originally
defined a pulley system of four annular and three
cruciate pulleys. In 1981, Kleinhert and Broudy
defined an additional fifth pulley arising distal to the
fourth annular pulley.

Table 1 Leddy and Packer classification of closed FDP injuries (Leddy and Packer 1977)

Type I Retraction of the tendon into the palm with disruption of the vincular system resulting in loss of
blood supply to the tendon

Type II Most common type. Tendon retracts to the level of PIP joint, being held by the intact long
vinculum preserving some blood supply

Type III Large bony fragment that gets held in place by the A4 pulley

Type IV (Buscemi and
Page 1987)

Tendon rupture with attached bony fragment and concomitant separate intra-articular fracture
fragment

Fig. 1 Ultrasound of the finger using a linear probe in
longitudinal plane showing empty FDP tendon sheath (arrow).
DIPJ and PIPJ are on the left and right side of the image,
respectively

Fig. 2 Ultrasound of the ring finger using (different patient to
Fig. 1) a high-frequency linear probe showing FDS rupture
(Red arrow – at torn end), FDS (Green arrow) lying superficial
to the FDS (Blue arrow)
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In recent years, the number of people involved in
climbing sports has increased exponentially as a result
of easy and readily available access to artificial rock-
climbing walls and indoor rock climbing facilities.
The annular pulley injuries are caused by climbing
techniques where the entire body weight is placed on
one or two fingerholds, especially in overhung wall
climbs. These techniques place high forces on the
proximal interphalangeal (PIP) joint and the digital
pulley system, resulting in finger injuries known as
climber’s finger (Klauser et al. 1999). The ring and
middle fingers are most commonly affected, as they
are most often used in climbing and are diagnosed in
up to 30 % of climbers with finger injuries (Le Viet
et al. 1996). Injury to the pulley system can result in
loss of strength and decreased range of motion within
the affected finger, bowstringing of the FDP tendon
and fixed flexion contracture of the PIP joint (PIPJ).
Pain and soft tissue swelling can make clinical eval-
uation a difficult and limited exercise. Many studies
have claimed that bowstringing of the FDP tendon
across the PIPJ with resisted flexion of the fingertips
is diagnostic of A2 pulley rupture. However, in a
laboratory study of 21 cadaveric fingers by Marco
et al. (1998), isolated or even combined rupture of A2
and A4 pulley did not result in detectable bow-
stringing. Rupture of at least three pulleys was
required to produce obvious bowstringing in this
study. Early recognition of the injury and appropriate
treatment are important in avoiding complications
like fixed flexion contractures (Bollen 1990).

The A2 and A4 annular pulleys, located at the
proximal third of the proximal phalanx and middle
phalanges, respectively, are the broader and the most
functionally important annular pulleys (Lin et al.
1989). Experimental studies performed by Marco
et al. (1998) showed that the A4 pulley is predisposed
to rupture first when the hand is in the crimp grip. The
A2 pulley usually fails from its distal to its proximal
edge, whereas the A4 pulley tears from its proximal to
its distal edge (Marco et al. 1998). It is important to
accurately differentiate the complete from incomplete
tears, as decision for operative versus non-operative
management depends on this vital finding.

Various studies have been published advocating
the use of ultrasound (Klauser et al. 1999, 2002;
Martinoli et al. 2000; Hauger et al. 2000); computed
topography (CT) (Le Viet et al. 1996) and MR

(Hauger et al. 2000, Klauser et al. 2002). An inability
to directly delineate the pulleys along with the
exposure to ionising radiation and relatively higher
cost in comparison to ultrasound, make CT an
unsuitable modality for diagnosing pulley injuries.

The magnetic resonance imaging (MRI) criteria for
identifying pulley injuries include direct signs such as
disrupted A2 and A4 pulleys (Hauger et al. 2000) or
indirect signs like bowstringing (appreciated as
increased tendon–phalangeal (TP) distance) or fluid in
between the phalanx and tendon (Gabl et al. 1998).
The MR has been the most accurate modality for
imaging in the diagnosis of A4 lesions (Hauger et al.
2000). However, the expense, length of the exami-
nation and lack of real-time assessment are some of
the drawbacks of MR examination.

Dynamic assessment gives ultrasound an advan-
tage in the evaluation of pulley injuries. Ultrasound
can demonstrate visualisation of fluid between the
tendon and phalanx and allows assessment of the
gliding ability of the tendons. Ultrasound demon-
strated a sensitivity of 98 %, specificity of 100 %, a
positive predictive value of 100 % and a negative
predictive value of 97 % for the detection of finger
pulley injuries (Klauser et al. 2002). Martinoli et al.
(2000) demonstrated that examination in the longi-
tudinal plane alone was sufficient as transverse son-
ograms added no significant information. Hauger
et al. (2000) has suggested using TP distance mea-
surements following a study performed using a
cadaveric model (see Figs. 3a, b and c). A TP dis-
tance of greater than 1.0 mm was indicative of pulley
system injury. An increase of the TP distance with
forced flexion less than 3.0 mm was considered a sign
of incomplete A2 pulley rupture, while a distance
greater than 3.0 mm was considered a sign of com-
plete rupture. Further increase in the TP distance to
more than 5.0 mm was used as a sign for complete
combined rupture of A2 and A3 pulley. An increase
of TP distance equal to or greater than 2.5 mm was
used as a sign for complete rupture of A4 pulley.
Maximal active forced flexion during dynamic ultra-
sound examination is the most important factor for
assessment of TP distance and detection of finger
pulley injuries (Klauser et al. 2002).

Indications for non-operative or operative treat-
ment are based on the clinical finding of bowstring-
ing, functional disability, persistent pain, failure of
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non-operative treatment and on the amount of bow-
stringing of the involved flexor tendons (Gabl et al.
1998). Incomplete tears are normally treated conser-
vatively, while complete tears are treated surgically.
The treatment of complete tears with surgery has been
controversial. In a study conducted by Gabl et al.
(1998), complete ruptures were treated with surgery
after non-operative treatment had failed. In the same
study, functional outcome after non-operative and
operative therapy was equal. Diagnosis and treatment
at an early stage will prevent the progression of
lesions and decrease the risk of long-term complica-
tions that are associated with fixed finger contracture
(Hauger et al. 2000).

2.3 Volar Plate

Volar plate (VP) injury results as a consequence of
hyperextension injury to the PIPJ. There may or may
not be an associated intra-articular fracture (Yoong
et al. 2010). Even when present, the fracture can be
easily overlooked resulting in significant instability of
the PIPJ (Nance Jr et al. 1979).

The VP is a multi-layered condensation of dense
fibrocartilaginous tissue that lies between the flexor
tendons and the PIPJ capsule. The VP attaches firmly
only at the critical corner of the middle phalanx base,
without strong insertion centrally. Proximally, the VP
blends directly with the periosteum rather than direct
insertion into the bone (Williams et al. 1998). Its
important functions at the PIPJ level include provid-
ing stability against hyperextension, acting as a
meniscus at the PIPJ, forming part of the intracavitary
lining of the PIPJ and providing a smooth gliding
surface for the flexor tendon (Williams et al. 1998).

The most common mechanism of injury is forced
or sudden hyperextension at the PIPJ (Phair et al.
1989). The diagnosis of VP injury is usually made
clinically, with tenderness over the volar aspect of the
PIPJ, pain on passive hyperextension and instability
with loss of pinch power (Nance Jr et al. 1979). The
commonly used classifications are shown in Tables 2
and 3 below.

Along with AP and lateral views of the involved
PIPJ, oblique views can also be helpful. In a study of
58 cases conducted by Nance Jr et al., 65 % of the
fractures were best seen on the lateral view, while
most of the others were best appreciated on the
oblique projection (Nance Jr et al. 1979). Subtle
dorsal subluxation can be identified by observing a V-
shaped gap between the articular surfaces of the PIP
joint—‘V’ sign. On ultrasound examination, the VP is
seen as a wedge-shaped structure of intermediate
echogenicity interposed between the flexor tendon
and underlying PIPJ (Yoong et al. 2010). The com-
plex three-layered collagen fibres running in different
orientations (Williams et al. 1998) probably account
for its mixed echogenic appearance on ultrasound.
The VP is best seen in the sagittal plane and is of low
signal on all MRI sequences (Fig. 4) (Yoong et al.
2010). To the best of our knowledge, there are cur-
rently no studies comparing the efficacy of ultrasound
or MRI for diagnosing VP injuries.

Fig. 3 a, b Both images taken in the same patient show
increased tendo-phalangeal distance (double arrow heads) over
the middle and proximal phalanges respectively, indicating
rupture of the A2 and A4 pulleys. Arrow in b shows the
ruptured A2 pulley. c Axial MR image shows increased tendo-
phalangeal distance (double arrow heads) due to chronic
rupture of the A2 pulley
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There is a consensus that the stable injuries
involving less than 30 % of articular surface are
treated conservatively either by splinting with exten-
sion-block or neighbour strapping. Various studies
(Phair et al. 1989; Gaine et al. 1998) have shown
favourable results with early active and passive
mobilisation rather than splinting. Unstable injuries

involving [50 % of articular surface are treated sur-
gically with open reduction and internal fixation using
various techniques or palmar plate arthroplasty, with
later being preferred (Keifhaber and Stern 1998). The
tenuous fractures involving 30–50 % of articular
surface can be treated conservatively, if the articular
surface congruity can be maintained with 30� flexion;
if not they are best managed operatively (Keifhaber
and Stern 1998).

3 Extensor Mechanism Injuries

3.1 Anatomy

The anatomy and function of the extensor mechanism
of the hand comprise of a complex set of interlinked
muscles, tendons and ligaments that are intricately
coordinated to bring about the fine movements of the
digits. The extensor mechanism of the hand can be
divided into eight zones to aide in the evaluation and
treatment of acute injuries (Kleinhert and Verdan
1983). The even-numbered zones are over bones, with
the odd-numbered zones over the joints. Owing to the
lesser number of the phalanges in the thumb, the
numbering system is slightly different.

The extrinsic and intrinsic muscles of the hand
make up the extensor mechanism. Zone VIII, con-
taining the musculotendinous junctions of the
extrinsic muscles is the most proximal zone. In zone
VII, the extensor tendons are contained within the
extensor retinaculum over the wrist joint. In zone VI,
the tendons of the middle, ring and little finger are
connected by juncturae tendinum. These intercon-
nections must be considered when evaluating exten-
sor tendon injuries (Newport 1997). In zone V, the
extensor tendons are located centrally and are stabi-
lised over the dorsum of the metacarpal head by the
extensor hood. The sagittal bands (SB) are the main
components of the extensor hood, which starts at the
VP and has a dorsal tendinous point of insertion,
gliding with the extensor system as the digit moves
(Clavero et al. 2002). Distal to metacarpophalangeal
(MCP) joint, the extensor mechanism becomes more
complicated as the extrinsic and intrinsic muscles
blend into the dorsal apparatus. The extrinsic extensor
tendons divide into central and lateral slips with the
central slip inserting into the dorsal aspect of the base
of middle phalanx. The intrinsic muscles contribute to

Table 2 Eaton classification of VP injuries (Eaton 1971)

Type 1 No fracture or dislocation

Type 2 Dorsal dislocation without fracture

Type 3 stable Fracture–dislocation with \40 % PIP joint
surface

Type 3
unstable

Fracture–dislocation with [40 % PIP joint
surface

Table 3 Stability-based classification (Keifhaber and Stern
1998)

Stable \30 % articular surface

Tenuous 30–50 % articular surface

Unstable [50 % articular surface

Fig. 4 Sagittal T1 W MR image of the thumb showing chronic
type 1 volar plate injury (White arrow)
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form the lateral slips to form conjoint tendons, which
converge distally to form the terminal tendon that
inserts on the base of the distal phalanx (Kleinhert and
Verdan 1983). The intrinsic tendons are directed volar
to the axis of MCP joint (MCPJ), flexing this joint and
directing dorsal to the axis of PIPJ and DIPJs,
extending these joints (Newport 1997).

On MR images, the normal extensor apparatus
appear as low-signal structures at the expected loca-
tions, axial and sagittal planes being most useful
(Clavero et al. 2002).

3.2 Mallet Injury (Zone 1)

Disruption of the terminal extensor tendon at the
DIPJ, caused by sudden forced flexion of the extended
finger results in extension lag deformity at the DIPJ
called mallet finger. Other terms like ‘baseball finger’
and ‘drop finger’ have been used to describe this. This
terminal extensor tendon can rupture at or near its
insertion into the distal phalanx (soft tissue mallet
injury) or can avulse a bony fragment from the base of
distal phalanx (bony mallet injury) (Handoll and
Vaghela 2004). As a result of this injury, the DIPJ
cannot be actively extended. A mallet finger may be
open, but is more often a closed injury (Rockwell
et al. 2000). It is the most common closed tendon
injury in sports persons (Posner 1977) and can occur
either after a direct blow to the DIPJ or a relatively
minor trauma to the fingertip. The middle finger is
most often involved, followed by the little finger
(Stark et al. 1962). Doyle has classified this injury
into four types as follows (Table 4).

The patient may present with swelling and bruising
over the DIPJ. This being a rarely painful condition,
patients frequently seek help late in the course of the
event (Perron et al. 2001). Also, the extensor lag at
the DIPJ may not appear for several days. Patients
rarely complain of functional disability because there
are relatively few activities which require full digital
extension (Brzezienski and Schneider 1995). On
clinical examination, apart from the fixed flexion
deformity, the patient will be unable to actively
extend the DIPJ. However, the deformity is correct-
able by passive extension.

Plain radiographs are routinely performed to
exclude bony involvement (Fig. 5). Ultrasound may
demonstrate: discontinuity of the extensor tendon

with partial or complete tear; avulsion fracture; no
real-time movements of the extensor tendon; and fluid
in the region of the extensor tendon insertion
(Kleinbaum et al. 2005). These findings can be used
to differentiate traumatic mallet finger from others
caused by fixed flexion deformity. In cases with no
bone avulsion on plain film, sagittal MR images can
be used to assess for terminal extensor tendon injuries
and thus can be used to decide treatment (Clavero
et al. 2002; Tabbal et al. 2009).

The most common type of mallet injury, closed
type 1 injuries are generally managed conservatively
with hyperextension splint for around 6–8 weeks.
This is followed by further 4 weeks of splinting at
night. Surgical treatment is usually reserved for open
injuries, DIPJ instability/subluxation or a large
([30 %) displaced articular fracture fragment. A
cadaveric study conducted by Hussain et al. con-
cluded that palmar subluxation of a DIPJ without pre-
existing arthritic deformity is expected when more
than one half of the dorsal articular surface is injured
(Hussain et al. 2008).

3.3 Boutonniere Deformity
(Zone III Injury)

A boutonniere deformity occurs as a result of an
injury to the central slip at or near its insertion at the
base of the middle phalanx. The term boutonniere is
derived from the French for ‘buttonhole’, as the head
of the proximal phalanx can pass through the defect in
the extensor mechanism (Aronowitz and Leddy
1998). Most of these are caused by an unrecognised
volar lateral dislocation of the PIPJ or less commonly
by a blow to the dorsal aspect of the middle phalanx
that forces the PIPJ into flexion while the finger is
being actively extended (Aronowitz and Leddy 1998;
Perron et al. 2001). This injury can either be open or

Table 4 Doyle classification of mallet injuries (Doyle 1999)

Type 1 Closed or blunt trauma, with or without avulsion
fracture (most commonest type)

Type 2 Rupture of the tendon near or at the DIP joint

Type 3 Open, with deep abrasion of the tissues

Type 4 Trans-epiphyseal fracture in children, fractures
involving a large part of the joint surface
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closed, and the central slip may avulse with or with-
out a bony fragment.

The patient usually presents with pain and swelling
with maximal tenderness at the PIPJ. The classic
boutonniere deformity is rarely seen in the acute
phase (Aronowitz and Leddy 1998). In the early acute
phase, active extension is retained by the normally
orientated lateral slips; but the head of the proximal
phalanx eventually goes through the central slip
resulting in migration of the lateral slips palmar to the
PIPJ, which flexes the PIPJ and hyperextends the
DIPJ resulting in the classic boutonniere deformity
(Griffin et al. 2012). The above described deformity
usually occurs 1–2 weeks after the initial injury (Hart
et al. 1993).

Burton has described three stages of the bouton-
niere deformity (Table 5).

The Elson test, which demonstrates rigidity of the
DIPJ during attempted PIP extension from a flexed
position, has been shown to reliably diagnose an early
central slip injury. However, the drawbacks of this
test are it will not demonstrate partial rupture of the
central slip and may be impeded by pain (Elson
1986). Initially, plain radiographs are obtained to

evaluate for an avulsion fracture at the base of the
middle phalanx (Fig. 6). In equivocal cases, where
clinical evaluation is difficult owing to pain and
swelling, MRI can be an effective method for
detecting central slip lesions (Clavero et al. 2002).
Magnetic resonance imaging can also provide valu-
able information about associated VP and ligamen-
tous lesions of the PIPJ. To the best of our knowledge,
there are no current studies available comparing the
efficiency of clinical examination, ultrasound or MRI
in diagnosing the central slip injuries.

Treatment of central slip injuries remains highly
controversial. Generally these are treated closed
with extension splinting of the PIPJs for 4–6 weeks
followed by 2 weeks of night time splinting
(Aronowitz and Leddy 1998). Surgical treatment is
implemented when (1) displaced avulsion fracture,
(2) axial and lateral instability of the PIPJ asso-
ciated with loss of active or passive extension of
the joint and (3) failed conservative treatment
(Griffin et al. 2012). However, surgical recon-
struction is the treatment of choice for a chronic
symptomatic boutonniere deformity (Aronowitz
and Leddy 1998).

Fig. 5 AP and Lateral
radiographs of right little
finger. Lateral radiograph
demonstrates avulsion
fracture (white arrow) at the
site of extensor tendon
insertion into the base of the
terminal phalanx, usually seen
in closed traumatic extensor
tendon disruption with
avulsion fracture (type 1)
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It is important to differentiate between a bouton-
niere and a pseudo-boutonniere deformity so that
appropriate treatment plan can be implemented.
Although, the appearances may be similar their aeti-
ology is different. The pseudo-boutonniere deformity
results from a PIPJ VP injury due to PIPJ hyperex-
tension and resulting in PIPJ flexion contracture,
rather than an injury to the central slip (Hong 2005).
Typically, the flexion contracture of the PIPJ is fixed,
and passive extension is not possible (Aronowitz and
Leddy 1998). In a pseudo-boutonniere deformity,
radiographs may slow calcification along the volar
lateral aspect of the proximal phalanx. These injuries
are managed conservatively by dynamic splinting, if
the flexion contracture is less than 45� and surgical
release may be needed to restore extension if the PIP

flexion contracture is more than 45� (Aronowitz and
Leddy 1998).

3.4 Boxer’s Knuckle (Zone V Injury)

The extensor hood at the MCPJ is a retinacular system
comprising the sagittal, oblique and transverse bands
that stabilise the extensor tendon at the dorsal aspect
of the MCPJ and keeps the tendon in place during
flexion and extension. The SB is the most important
structure of the extensor hood; this composes of a
superficial and deep layer forming a tunnel through
which the extensor tendon passes through (Kichouh
et al. 2011). Sagittal band ruptures referred to as
‘Boxer’s Knuckle’ can occur spontaneously, second-
ary to trauma or can be associated with synovial
disorders like rheumatoid arthritis (Kichouh et al.
2011). Congenitally absent or lax SBs have been
previously reported (Inoue and Tamura 1996). The
most commonly injured finger is the middle finger,
and the most frequently involved SB is the radial with
ulnar instability (Rayan and Murray 1994). It has been
thought that underlying normal ulnar inclination of
the index and middle finger may predispose them to
radial band disruption (Lopez-Ben et al. 2003).
However, ruptures of the ulnar SB resulting in radial
instability have also been reported in the literature.
Patients commonly present with pain, swelling, loss
of full extension and subluxation of the extensor
tendon. Rayan and Murray classified SB injuries into
three types as shown in Table 6.

However, the overlying soft tissue swelling and
pain can make clinical assessment difficult to diag-
nose tendon subluxation (Lopez-Ben et al. 2003). As
a result, accurate diagnosis of SB rupture may be
difficult without imaging. Advantages of ultrasound
over MRI include dynamic assessment, cost-effec-
tiveness and easy availability.

Various studies have been published describing the
use of ultrasound and MRI for diagnosing SB injuries.
The SB is best seen in the axial plane with the MCP in
slight flexion, appearing as a linear hypoechoic
structure. Focal hyperechoic thickening of the SB or
disappearance of the normal architecture of the SB
can be demonstrated in patients with extensor hood
injuries (Kichouh et al. 2011). Dynamic ultrasound

Table 5 Stages of the boutonniere deformity (Burton 1982)

Stage 1 Dynamic imbalance, fully correctable passively

Stage 2 Extensor mechanism contracture, not passively
correctable but does not involve the joint
structure

Stage 3 Fixed contracture with joint changes involving
collateral ligament, volar plate scarring and intra-
articular adhesions

Fig. 6 Lateral radiograph
showing a subtle avulsion
fracture (white arrow) with
associated soft tissue swelling
at the base of the left middle
finger intermediate phalanx
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with the fingers alternatively extended and then flexed
in a clenched fist enables excellent visualisation of
extensor tendon subluxation and dislocation at the
MCPJ (Fig. 7) (Lopez-Ben et al. 2003).

On MRI, the SB is depicted as uniform low-signal
intensity structure on all sequences. The T2W
sequences are more accurate than T1W or post-con-
trast T1W sequences and post-contrast imaging does
not improve the sensitivity in depicting the SB (Drape
et al. 1994). The MR findings in acute injuries include
morphologic and signal intensity changes, together
with poor definition, focal discontinuity and focal
thickening (Clavero et al. 2002). Magnetic resonance
imaging of MCPJs in different kinematic positions has
also been found useful in diagnosing SB injuries
(Lopez-Ben et al. 2003). The role of oblique and
transverse bands is not well known currently and
these are also difficult to demonstrate on ultrasound
and MRI (Kichouh et al. 2011).

Like other extensor mechanism injuries, the
treatment of SB injuries also remains highly con-
troversial. Ritts et al. advocate conservative treat-
ment with splinting of the MCPJ in extension, while
Hame and Melone Jr concluded that direct surgical
repair with realignment of the central tendon is
highly successful (Ritts et al. 1985; Hame and Me-
lone Jr 2000). These will need to be treated as open
infected injuries if the extensor mechanism or the
SB injury is secondary to human bites with surgical

debridement, intravenous antibiotics and splinting
(Matzon and Bozentka 2010).

4 Collateral Ligament Injuries

4.1 Ulnar Collateral Ligament
of the Thumb

The ulnar and radial collateral ligaments are primary
stabilisers of the thumb MCPJ against radial and ulnar
stress, respectively. Injury to these structures may
result in joint instability, leading to significant dis-
ability and pain (Tang 2011). A correct early diag-
nosis influences management decisions and treatment
outcomes (Sollerman et al. 1991). The thumb MCPJ
is stabilised by static and dynamic stabilisers (Tsiouri
et al. 2009). The static restraints include the VP, the
dorsal capsule and the ulnar and radial collateral
ligaments. The extrinsic and intrinsic muscles of the
thumb make up the dynamic stabilisers. The ulnar
collateral ligament (UCL) comprises a proper and an
accessory ligament (Tsiouri et al. 2009). In flexion,
the proper collateral ligament is taut, while the
accessory collateral ligament is taut in extension.

Two acronyms are commonly used to describe
UCL injuries, Gamekeeper’s thumb and Skier’s
thumb. Gamekeeper’s thumb was first reported by
Campbell in 1955 to describe chronic attritional
attenuation of the UCL in Scottish gamekeepers,
secondary to strain induced on the first Web space
(Campbell 1955). The Skier’s thumb is used to
describe acute injuries where the thumb is forced into
abduction and hyperextension against the ski pole
(Gerber et al. 1981). Thumb UCL injuries are the
second most common skiing-related injury, after
medial collateral ligament injury of the knee (Tsiouri
et al. 2009).

Injury to the UCL is caused by sudden excessive
valgus stress on the thumb MCPJ. Although this was
attributed to the straps of the ski pole initially, later
studies have showed that the incidence of the injury
remained the same even with new pole designs
without a strap (Derkash et al. 1987). In approxi-
mately 90 % of cases, the thumb UCL avulses from
the base of the proximal phalanx (Coyle 2003).
Although less frequent, it can avulse from proximal
attachment or tear in the midsubstance. In 1962,
Stener described a lesion in which the distal end of

Table 6 Rayan and Murray classification of sagittal band
injuries (Rayan and Murray 1994)

Type I Mild injury with no instability

Type II Moderate injury with extensor tendon subluxation

Type III Severe injury with tendon dislocation

Fig. 7 Ultrasound image at MCPJ level shows subluxation of
the index finger (I) extensor tendon (white arrow), secondary to
extensor hood injury (not shown in this image)
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the avulsed UCL is displaced superficial to the
adductor aponeurosis and is prevented from reap-
proximation to its anatomic insertion site (Stener
1962). Avulsion of UCL can be accompanied by more
than one bony avulsion fragment with failure of the
ligament bone complex at the site of the ligament–
bone interface and also within the bone itself (Giele
and Martin 2003).

Patients with acute injuries present with pain,
swelling and reduced range of motion. Chronic pre-
sentations include deformity and loss of strength in
particular pinching or grasping. On examination,
tenderness to palpation will be present at the site of
injury. A palpable mass on the medial side may rep-
resent the superficially displaced end of the UCL,
suggestive of a Stener lesion. However, the absence
of a palpable mass does not definitively rule out a
Stener lesion (Heyman et al. 1993).

Evaluation of joint stability is the most important
part of examination. The primary aim is to determine
whether the injury is incomplete (Grade 1 or 2) or
complete (Grade 3) (Tang 2011). Current consensus
include testing the joint in zero degrees of extension
and 30� flexion to evaluate accessory and proper
collateral ligament components, respectively. Insta-
bility is defined as radial deviation of the proximal
phalanx on the metacarpal head of[30–35� (Heyman
et al. 1993). Stress examination demonstrating a firm
end-point indicates an incomplete tear whilst opening
of the MCPJ without a firm end-point indicates a
complete tear (Patel et al. 2010).

Plain radiographs are routinely performed to rule
out a fracture or subluxation (Fig. 8a). Previously,
stress radiography, ultrasound and MR with or without
arthrography have been used to assess thumb UCL
injuries. In addition to the discrepancies concerning the
performance and interpretation of stress radiographs,
the most significant drawback is their inability to direct
the treatment because they do not differentiate between
a non-displaced tear and a Stener lesion (Green and
Rowlan 1984). In a study conducted by Harper et al.
comparing the efficacy of stress radiography versus
MR examination with and without arthrography, the
overall sensitivity of stress radiography was found to
be only 64 % (Harper et al. 1996).

Ultrasound is useful in detecting partial and com-
plete tears of the thumb UCL and has shown

promising results in differentiating between complete
tears and Stener lesions (Schnur et al. 2002).
The normal thumb UCL appears as a hyperechoic
structure spanning the ulnar side of the first MCPJ.
Displaced UCL tears appear as a retracted, folded-
on-itself structure which is displaced proximal and
superficial to the adductor aponeurosis, creating the
appearance of a ‘yo–yo on a string’ on coronal MRI
scans (Ebrahim et al. 2006). The positive predictive
value for ultrasound in identifying UCL tears is very
high (87.5 % Schnur et al. and 94 % Jones et al.).
However, the specificity varies between 83 % for
displaced ruptures and 91 % for non-displaced rup-
tures (Hergan et al. 1995). Inexpensive and easy
availability along with good overall comparable
results with MR make ultrasound an attractive tool for
evaluation of UCL tears. The primary disadvantage of
ultrasound is that it is operator dependent. Ultrasound
has been recommended to be used only in the 1st
week after injury, as scarring may decrease accuracy
of the method (Hergan et al. 1997).

Excellent soft tissue characterisation makes MR
examination a very good modality to use in UCL
injuries (Fig 8b). The sensitivity and specificity have
been shown to be 100 % (Harper et al. 1996; Hergan
et al. 1995). Thus, MR plays a vital role in making
management plans for patients with UCL tears. Cost-
effectiveness and availability remain the major
deterrents for using MR as the primary modality in
diagnosing UCL tears. Various pitfalls as described
by Hergan et al. (1997) can cause misinterpretation
between displaced and non-displaced UCL tears
which can have serious implications on patient
recovery. Hence, MR examination has been advo-
cated when a non-displaced UCL tear is suspected by
ultrasound (Hergan et al. 1997).

Conservative versus surgical management of UCL
tears has been controversial and extensively debated
over the last four to five decades. Grade 1 and 2 tears
are managed conservatively. Surgery is indicated in
the following instances: a Stener lesion is suspected; a
displaced avulsion fracture exists, where there is an
acute, grossly unstable joint; in symptomatic chronic
injury; and in cases of volar subluxation seen on
radiographs (Smith 1977). Surgical treatment has
been widely accepted as treatment of choice for Grade
3 UCL tears.
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4.2 Radial Collateral Ligament

Injuries of radial collateral ligament (RCL) comprise
10–14 % of the collateral ligament injuries to the
thumb MCPJ (Coyle Jr 2003). These have been
referred to as ‘‘reverse gamekeeper’s thumb’’
(Cooney et al. 1990).

The RCL originates dorsally on the lateral condyle
of the metacarpal head and extends in a distal and
palmar direction to insert into the lateral tubercle of
the proximal phalanx. (Edelstein et al. 2008). Like
UCL, the RCL also consists of proper and accessory
collateral ligaments which act as static restraints when
MCPJ is in flexion and extension, respectively.

Injuries of the RCL result from forced and sudden
adduction of the MCPJ which can occur from a fall or
during sports when a ball or player strikes the thumb.
Acutely, the patient presents with pain, stiffness,
swelling and deformity. In the chronic situation, once
the swelling and pain has subsided, patients present
with persistent pain with activities that require a
radial-sided force such as closing a door (Edelstein
et al. 2008).

It is important to identify partial from complete
RCL tears as complete tears are treated surgically,
while partial tears are treated conservatively. Radial
stress test and drawer tests may be used to assess for
RCL injury. A recent study by Coyle Jr found prox-
imal tears (55 %) are commoner than distal (29 %) or
midsubstance tears (16 %) (Coyle 2003). This can be
explained by the fact that the distal width of the RCL
insertion is equal to or wider than the RCL origin at
the metacarpal (Lyons et al. 1998). Complete RCL
tear can result in both static and dynamic instability
(Edelstein et al. 2008). Although there are several
classification systems for UCL injuries, there are no
specific ones for the RCL injuries. A generalised
classification is used instead. Grade 1: Small incom-
plete tear, Grade 2: larger but still incomplete tear and
Grade 3: complete tear.

Conventional radiographs are obtained to assess
for avulsion fractures and subluxation. Volar sub-
luxation of the phalanx [3 mm is much more com-
mon with RCL injury than with the UCL injury (Tang
2011) as RCL is a primary support preventing volar
subluxation. Stress dynamic fluoroscopy may also aid

Fig. 8 a, b Plain radiograph
AP view (a) and Coronal
T1W MRI (b) showing bony
avulsion fracture (arrow) at
the site of UCL insertion
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in evaluation of instability. Because of the high cor-
relation between stress examination and operative
findings, arthrography, ultrasonography (Fig. 9) or
MRI are usually not needed (Edelstein et al. 2008).

On the basis of the current available literature,
RCL and UCL injuries can be managed in a similar
manner (Patel et al. 2010). Generally, Grade 1 and 2
injuries are treated conservatively, while treatment of
Grade 3 injuries remains controversial. Various sur-
gical methods have been described in the literature for
Grade 3 injuries and no general agreement is present.

5 Fractures

Among the injuries sustained during sporting activi-
ties in the general population, it is fractures of the
upper limb that predominate. The vast number of
patients attending emergency department due to these
injuries reflects this. In a retrospective study con-
ducted by Aitken and Court-Brown looking at nearly
6000 fractures, 24 % of them occurred in hand and
22.4 % of these were sporting injuries. The thumb
and the little fingers were most commonly involved
fingers accounting for up to 57.3 % (Aitken and
Court-Brown 2008). Metacarpal fractures of the
thumb and little fingers are discussed below.

5.1 Thumb Fractures

The thumb provides up to 40 % of hand function
(Carlsen and Moran 2009). Injuries to the thumb are
predominantly fractures of the proximal phalanx or
the metacarpal and ligamentous injuries around the
MCPJ. Ligamentous injuries have been discussed in
detail along with other soft tissue injuries of the hand.
Thumb fractures are found to occur most commonly
in children and the elderly (Stanton et al. 2007).

Thumb metacarpal base fractures form an impor-
tant subset and will be discussed further.

5.1.1 Bennett Fracture
In 1882, Edward Hallaran Bennett first described the
fracture involving the base of the thumb metacarpal.
However, a Bennett fracture now refers to a two-part
intra-articular fracture or dislocation involving the
base of the thumb metacarpal (Rettig 2004). The
mechanism of injury is classically an axial load to the
flexed and adducted thumb (Hong 2005). The volar–
ulnar fragment is held in place by its ligamentous
attachment to the trapezium, known as the anterior
oblique ligament, also described as the beak ligament
(Bettinger et al. 1999). As a result of the injury, the
remainder of the first metacarpal shaft subluxes in a
dorsal, proximal and radial direction due to the pull of
the abductor pollicis longus, extensor pollicis longus,
extensor pollicis brevis and the adductor pollicis
longus (Carlsen and Moran 2009). Gedda in 1954 has
classified Bennett fractures as follows (Table 7).

Following clinical examination, a radiographic
evaluation forms an integral part of the initial clinical
assessment (Fig. 10). True antero–posterior and lat-
eral views can be obtained with the Robert’s and
Bett’s view, respectively, to look for fracture dis-
placement and joint congruency (Carlsen and Moran
2009). These fractures are unstable and should be
promptly referred to a hand surgeon for appropriate
management. Closed reduction with percutaneous pin
fixation is recommended if the fragment is less than
25 % of the articular surface and if the fragment is
larger than 25 % of articular surface, and those irre-
ducible by closed techniques should be opened,
reduced and internally fixed (Weinstein and Hanel
2002).

5.1.2 Rolando Fracture
This was first described by Silvio Rolando in 1910, a
Y-pattern fracture of the thumb metacarpal base
(Fig. 11). Currently, this eponym is used widely for
any comminuted intra-articular fracture of the thumb
metacarpal base (Hong 2005). These are similar in
location and etiology to Bennett fracture (Hong
2005). This fracture pattern is considerably more
difficult to treat and has a worse prognosis than that of
the Bennett fracture (Carlsen and Moran 2009). When
there are two large fragments without considerable
comminution, open reduction and internal fixation can

Fig. 9 Longitudinal ultrasound image showing rupture of
radial collateral ligament
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be successful. For markedly comminuted fractures,
distraction and reliance on ligamentous reduction of
the fragments may be necessary (Carlsen and Moran
2009).

5.2 Boxer’s Fracture

The most common fracture of the hand is fracture of
the little finger metacarpal, accounting for up to 50 %
of all metacarpal fractures and 20 % of all fractures of
the hand (Lee and Jupiter 2000). A fracture to the
little finger metacarpal neck is referred to as boxer’s
fracture. These result from incorrect technique in
swinging a fist, that puts an oblique force applied to
the smallest, weakest metacarpal (Walsh 2004). The
fracture occurs just below the metacarpal head and is
normally displaced in a volar direction (Fig. 12). It is
important to assess for malrotation by examining the
direction of the fingers in flexion (Hong 2005). Apex
volar angulation of up to 40� is acceptable and can be
treated conservatively with immobilisation in a gutter
splint with ring and little finger MCPJs in a 90� flexed
position (Hong 2005). Fractures that are markedly
comminuted or angulated may need open reduction
and internal fixation (Peterson and Bancroft 2006).

5.3 Intra-articular Fractures
and Dislocations
of the Carpometacarpal Joints

Intra-articular metacarpal base fractures are high-
energy injuries that are often missed on initial pre-
sentation (Liaw et al. 1995). These are associated with
carpometacarpal (CMC) dislocations and most com-
monly occur in the ring and little fingers.

The mechanism of injury involves axial load
transmission through the fourth metacarpal onto the
carpal bones (Cain et al. 1987). The ring and little
finger CMC joints being modified saddle joints, allow
considerable movement in the antero–posterior plane
that predisposes these joints to dislocation (Liaw et al.
1995). At a certain stage when the ring finger meta-
carpal is unable to dissipate the force, a fracture
occurs resulting in shortening of the ring finger
metacarpal. The axial load is then transferred to the
little finger metacarpal causing the little finger CMC
joint injury (Liaw et al. 1995). The degree of the little
finger metacarpal flexion determines the type and
degree of hamate injury (Cain et al. 1987). Flexion of

Table 7 Gedda classification of Bennett fractures (Gedda
1954, cited by (Carlsen and Moran 2009)

Type 1 Large single ulnar fragment and metacarpal base
subluxation

Type 2 Impaction fracture without metacarpal base
subluxation

Type 3 Small ulnar avulsion fragment with metacarpal
dislocation

Fig. 10 Lateral radiograph
of thumb showing fractures of
the metacarpal base (Bennett
fracture type 1) and proximal
phalanx shaft

Fig. 11 Rolando fracture of
the metacarpal base on a
lateral radiograph of the
thumb
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the metacarpal during impact may cause dorsal dis-
location of the little finger metacarpal base, dorsal
CMC ligament disruption and hamate fracture. In the
little finger, the ECU, FCU and abductor digiti minimi
tendon exert deforming forces on the fracture frag-
ments (Weinstein and Hanel 2002). Cain et al. in 1987
have classified the combined ring and little finger
metacarpal fracture and little finger CMC joint injury
into three categories as follows (see Table 8).

The routine AP and lateral radiographs of the hand
may not reveal the full extent of the ring and little
finger CMC joints (Fig. 13) and a CT scan may be
needed to demonstrate the full extent of the injury
(Fig. 14). The 45� pronated oblique and 15� pronated
oblique views are helpful in assessing the severity of
this injury (Liaw et al. 1995).

The treatments of these injuries depend on the
severity and stability of the CMC joints. Type 1 stable
injuries treated conservatively. Closed reduction and
percutaneous pinning can be used to treat unstable
type 1 injuries (Cain et al. 1987). Type 2 and 3
injuries are potentially unstable and will require open
reduction and internal fixation (Liaw et al. 1995).

5.4 Phalangeal Fractures

Phalangeal fractures can occur at head, neck, shaft or
base of the phalanges. There are many variations of
these involving various locations. Shaft fractures can

be transverse, oblique, spiral or comminuted (Hong
2005). Displacement and angulation of phalangeal
fractures result from a combination of two main fac-
tors: the mechanism of injury and the deforming
nature of the fracture (Peterson and Bancroft 2006).
A direct blow can result in transverse or comminuted
fracture, while a twisting injury often results in an
oblique or spiral fracture (Lee and Jupiter 2000).

Condylar fractures of the head of proximal phalanx
are typically the result of axial loading. London
described three types of Condylar fractures that
influence prognosis and management: a type I stable,
undisplaced unicondylar fracture; a type II unstable,
displaced, unicondylar and type III comminuted bic-
ondylar fracture (London 1971).

Along with standard AP and lateral radiographs,
CT can provide further information that may assist the
surgeons in management.

Fig. 12 AP and oblique
radiographs showing little
finger metacarpal neck
fracture (Boxer’s fracture)
with volar angulation

Table 8 Cain et al. classification of intra-articular fractures
and dislocations of carpometacarpal joints (Cain et al. 1987)

Type Characteristic features

1A Subluxation or dislocation of the little finger
metacarpal base without hamate fracture

1B Type 1A ? small dorsal rim hamate avulsion
fracture

2 Dorsal hamate comminution is present

3 Coronal splitting of the hamate
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Oblique or spiral fractures may be associated with
malrotation. No malrotation is acceptable for pha-
langeal fractures, because this leads to overlap and
malalignment of the digit (Peterson and Bancroft
2006). Acceptable reduction is less than 6 mm of

shortening, less than 15� of angulation and with no
rotational deformity (Lee and Jupiter 2000).

Non-displaced fractures are treated conservatively,
while displaced and malrotated fractures should be
reduced; closed at first, but then surgically if needed
(Hong 2005). For condylar fractures, London types II
and III are treated surgically and stable type I injuries
are managed conservatively (Stern 2005).

5.5 Interphalangeal Joint Dislocations

Interphalangeal (IP) dislocations are common injuries
in athletes. These injuries usually result from signif-
icant force and may result in ligamentous injury or
tear. Most IP joint dislocations involve the PIPJ
(Morgan et al. 2001). The PIPJ is susceptible espe-
cially to forced abnormal motion produced in ball
sports and in sports resulting in axial loading of the
digit (Morgan et al. 2001). Most IP joint dislocations
are dorsal, with dorsal dislocation of the middle
phalanx and disruption of the VP (Fig. 15) (Hong
2005).

Fig. 13 AP, lateral and oblique radiographs of the right hand showing little finger CMC joint dislocation. Note hamate fracture
(seen on CT—Fig. 14) is not visible on these plain films

Fig. 14 Sagittal CT image shows little finger CMC joint
subluxation with rim fracture of the hamate (Cain et al. type 1B
CMC joint injury)
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6 Conclusion

This chapter has described the most common soft
tissue and bone injuries to the hand. We have related
the anatomy and mechanism of these injuries to the
imaging assessment. We have also discussed factors
that influence management decisions which enable a
more thorough imaging assessment.
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Abstract

This chapter will principally describe and illustrate
acute bony injuries of the distal radius and carpus
occurring as a result of trauma. Plain films form
the bulk of investigations, but where indicated use
of CT and MR imaging is also included. Chronic
traumatic injuries principally overuse, or stress
injuries will also be considered but in less detail.

1 Introduction

1.1 Radiographic Anatomy
and Projections

Standard radiographic views for the evaluation of
wrist are a postero-antererior (PA) and lateral. These
projections are described with the relevant anatomy in
Radiography and Arthrography and will not be repe-
ated here. These 2 views will allow evaluation of
injuries of the distal radius and ulna, an assessment of
the carpal bones, and the carpo-metacarpal junction.
Additional views may be obtained in special specific
circumstance most commonly when there is clinical
suspicion of a scaphoid fracture.

1.2 Analysis of Radiographs

On the PA view, inspect each bone in turn looking for
cortical disruption that would indicate a fracture. It is
important to consider in turn the distal radius and ulna,
then the eight carpal bones and finally the bases of the
metacarpals. Next, undertake scrutiny of the normal
uniform spacing of 1–2 mm around each carpal bone.
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This spacing also occurs at the carpo-metcarpal junc-
tion. Loss of this spacing should lead to very careful
inspection of the abnormal area, as often this will
indicate significant carpal or carpo-metacarpal dis-
ruption (Fig. 1). One should also observe the
arrangement of the carpal bones into smooth arcs.
Three arcs have been described (Gilula 1979). The
first delineates the proximal surface of the proximal
row of carpal bones (scaphoid, lunate, triquetral). The
second is formed by the distal articular surface of the
same bones. The third is along the proximal curvature
of the capitate and hamate (Fig. 2).

These arcs should normally be smooth with no
steps or disruption. Interruption of any of these

smooth arcs indicates a disruption of the normal
arrangement of bony structures at the point of the step
in the arc. Note should also be taken of the normal
alignment of the metacarpals with the distal row of
carpal bones, in particular, the relationship of the 3rd
metacarpal with the distal capitate. A line drawn
down the ulnar side of the metacarpal should pass
through the joint between the capitate and hamate
(Fig. 1). Loss of this normal alignment indicates a
carpo-metacarpal disruption most commonly a dislo-
cation. This sign is akin to the alignment of the tar-
sometatarsal joint in the foot.

Much important information is to be found on the
lateral film. A key observation is that of the distal

Fig. 1 a Normal AP radiograph. Note the uniform spacing
between the carpal bones including the carpo-metacarpal
junction. The 3 carpal arcs are smooth. The ulnar side of the
3rd metacarpal aligns with the space between the capitate and

hamate. b Normal lateral radiograph. Observe the normal volar
tilt of the distal radius. The dorsal cortex of the radius should be
smooth with no steps or crinkles. Observe the normal alignment
of the radius lunate and capitate

Fig. 2 a Line drawing indicating the position of the three carpal arcs. b The normal volar tilt of the distal radius

142 N. Raby



radial angle. The normal distal radius has a volar tilt
of approx 10�. This represents the angle between a
line drawn along the long axis of the radius and a line
drawn from the dorsal to the volar rim of the radius
and has a normal range of 2�–20� (Figs. 1b, 2b).
Alteration of this angle occurs when there is a subtle
fracture of the distal radius. Normal relationship of
the distal radius and carpal bones is best assessed on
the lateral view, and this is discussed further in the
Sect. 3.3. Displacement of the distal radial epiphysis
and disruption of carpal alignment are often only
evident on this view. Fractures of the triquetral bone
will only be seen on the lateral radiograph.

CT is rarely used to confirm or refute the presence
of a fracture. A fracture is usually evident on the plain
films, but CT is helpful to define the exact anatomy in
complex fractures and dislocations to aid surgical
planning. This is particularly true when there is
involvement of the articular surface of the radius such
a Bartons fracture dislocation and die punch injuries.
The exception is when an injury of isolated carpal
bones is suspected. Fractures of these, particularly
hamate and capitate, may be seen only on CT. CT is
of value in some carpal dislocations but is particularly
of value in cases of metacarpal dislocations which can
be difficult to identify on plain films. In the current era
of multislice scanners, there is no longer any need to
be overly prescriptive about scan planes and slice
thickness. Modern scanners allow very rapid multi-
planar and 3D reconstruction with isotropic voxels, so
that the injured wrist can be scanned in any position
and reviewed in the best plane for the injury under
investigation without any loss of information or
degradation of the image.

MR is not generally utilised to evaluate acute
wrist trauma, but it is the investigation of choice
when an occult scaphoid fracture is suspected
clinically.

1.3 Ligamentous Anatomy of Wrist

The ligamentous anatomy of the wrist is extremely
complex. There is disagreement between authors with
considerable variation in the description of the liga-
ment anatomy. This anatomy has been dealt with in
detail elsewhere in this book and will not be reiterated
here. This level of understanding is important when
evaluation of the ligaments by imaging is being

undertaken. However, for the purposes of this chapter,
such detail is not required. What is required is knowl-
edge of important ligaments and their attachments.
This information allows a better understanding of the
patterns of bony injury and associated findings. Here, I
will outline the key ligaments and indicate where in
the later text this ligamentous knowledge applies. Of
necessity, this is a much simplified account of the
ligaments.

Ligaments are divided into extrinsic and intrinsic
both dorsal and volar. The volar ligaments are
stronger and more functionally significant. Extrinsic
ligaments link the distal radius and ulna to the carpal
bones. The intrinsic or intercarpal ligaments link
carpal bones to one another.

On the dorsal aspect two ligaments are of impor-
tance in this chapter. They are the dorsal radiotri-
quetral (extrinsic) and the dorsal intercarpal ligament.
Both attach to the triquetral bone. It is the attachment
of these ligaments that account for the avulsion
fracture of the triquetral (see below) (Fig. 3a).

On the volar aspect, there are 2 key ligaments. The
radio scapho-capitate (RSC) and the radio lunate tri-
quetral (RLT), both extrinsic ligaments (Fig. 3b). The
position of the RSC helps understand the propensity
of the scaphoid to fracture (see Sect. 3.1).

When the wrist is dorsiflexed, these two ligaments
separate resulting in what is termed the space of
Poirier. This space between the ligaments is an area of
weakness which accounts for the carpal dislocations
that occur around the lunate (see Sect. 3.3).

The attachments of the RSC and RLT to the radius
account for the isolated fracture of the radial styloid
which is essentially an avulsion injury. (See isolated
fracture of radial styloid.)

In addition to the RSC and RLT, there are other
ligaments that arise from the volar aspect of the radius
to attach to carpal bones. Their names and arrange-
ment are not important in this setting, but the multiple
ligaments account for the bone fragments seen on the
volar aspect of the wrist in patients with dorsal radio
carpal dislocations (see Sect. 3.3).

On the ulnar aspect of the wrist lies the triangular
fibrocartilage complex (TFCC). Again this has very
complex anatomy, but for our purposes it is sufficient
know that there are paired ligaments on dorsal and
volar aspects of the wrist. The radio-ulnar ligaments
pass horizontally between the radius and the ulna
styloid process. There are also two ligaments running
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from the base of ulna styloid to the lunate and tri-
quetral bone. These four ligaments account for the
fractures of the ulna styloid seen in several injuries
including Colles fractures and distal radio ulna joint
disruption (Fig. 3c).

Of the very many intrinsic ligaments, only those
connecting scaphoid, lunate and triquetral bones are
of significance with respect to acute bony injuries.
Thus, the scapho-lunate ligament is disrupted with
scaphoid rotatory subluxation.

2 Injuries of Radius and Ulna

Most commonly injuries result from fall on the out-
stretched wrist. The type of injury sustained is age
related.

2.1 Children

In young children, fractures of the radius proximal to
the epipyhseal plate predominate in age group 6–10.
These fractures often involve both radius and ulna and
may be grossly displaced (Fig. 4). After this, until
epipyhseal fusion injuries most commonly involve the
epipyhseal plate and are thus Salter Harris fractures.
Typically, there is dorsal displacement of the epiph-
ysis with or without an associated fracture fragment
from the adjacent metaphysis resulting in either a
Salter-Harris type one or two injury (Fig. 5). The
degree of displacement is often gross, but on occasion
the anteroposterior radiograph can appear quite nor-
mal. As with adults, it is careful inspection of the
lateral film which will reveal the abnormal alignment

Fig. 3 a Important dorsal ligaments. b Volar ligaments radial aspect. c Volar ligaments and TFC
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of the distal radial epiphysis. Colles type fractures do
not occur in this age group. Greenstick and buckle or
Torus fractures of the radius occur only in children.
Torus fractures are a compression failure of
bone usually at the junction of diaphysis and
metaphysis. The term comes from Latin meaning a
‘‘protuberance’’ or ‘‘rounded swelling’’. The injury is

due to compression forces resulting in a circumfer-
ential buckling of the cortex. Thus, the abnormality
can be seen on both views although it may be more
evident on the lateral projection (Fig. 6). It is a rela-
tively minor injury that will heal well with only
minimal immobilisation required (Davidson et al.
2001). Scaphoid fractures do not occur in children

Fig. 4 a and b AP and lateral
radiographs demonstrate
fracture of radius and ulna in a
child. There is considerable
angulation and overlap at the
fracture site. The fracture is
proximal to the epiphysis
which is not involved. This is
the typical site and
appearance of wrist injuries in
children under the age of 10

Fig. 5 a AP radiograph with
no obvious abnormality.
Observe however the loss of
clarity of the radial epipyhseal
plate with increased sclerosis.
b Lateral radiograph shows
that the epiphysis is displaced
dorsally. There is a small
fragment of bone from the
metaphysis in addition which
means this is a Salter Harris
type 2 injury. This is the
commonest type of injury
seen at the epipyhseal plate
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under 10 and are rare in older children (Thornton and
Gyll 1999).

2.2 Adults

Colles fracture is the commonest wrist injury in
patients over age of 40. Increasing frequency with age
suggests a relationship to osteoporosis. It was first
defined by Abraham Colles professor of surgery in

Dublin in his 1814 paper ‘‘On the Fracture of the
Carpal Extremity of the radius’’. His definition
includes the following: (1) fracture of radius within
2 cm of distal radial articular surface but not
involving it, (2) dorsal angulation of distal fragment,
(3) dorsal displacement of the fragment, and (4)
associated fracture of ulnar styloid process. In addi-
tion, there is also often some lateral (radial) dis-
placement of the distal radial fragment (Fig. 7). The
mechanism of injury with resultant forces applied to

Fig. 6 a and b There is
buckling of the cortex of the
radius. This is a
circumferential injury and
thus seen on both AP and
lateral views. It is referred to
as a Torus fracture and is seen
exclusively in children

Fig. 7 a and b Colles
fracture. There is fracture of
the distal radius with dorsal
angulation. The articular
surface is not involved. There
is some radial displacement,
and there is an associated
fracture of the ulnar styloid
process. All of the above need
to be present to fulfil the
original description of a
Colles fracture
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the distal forearm bones explains these findings. With
fall onto the outstretched hand in extension, impact
occurs on the thenar eminence. There are compression
forces transmitted along the dorsal cortex of the
radius with traction forces along the volar aspect. This
results in the fracture with displacement described
above. The ulnar styloid fracture occurs due to radial
shortening with traction on the ulnar styloid process
via the triangular fibrocartilage complex principally
the ligaments which attach to the process.

Smith (1847) described a variation of the above
where the distal radial fragment is displaced and
angled volarly and medially. This is typically caused
by falling onto the wrist whilst it is flexed. Again a
key feature is that the articular surface remains intact
(Fig. 8). Subsequently, this fracture has been sub-
classified by some to include volarly displaced frac-
tures with an intra-articular component. This injury is
indistinguishable from the reversed Bartons fracture
discussed below.

Barton described an injury of the distal radius
(Barton 1838) as follows: ‘‘a subluxation of the wrist
consequent to a fracture through the articular surface
of the carpal extremity of the radius… The frag-
ment… usually is quite small, and is broken from the
end of the radius on the dorsal side’’ (Fig. 9). This
fracture differs from Colles and Smiths fractures due
to involvement of the articular surface of the radius. It
is a shearing injury through the articular surface. The
term is now often incorrectly ascribed to any intra-

articular fracture. Barton’s description also includes
the presence of dislocation or subluxation of the
radiocarpal joint. A similar injury but with the bone
fragment from the volar margin is known by some as
a reversed Bartons fracture. It is in fact the volar
fracture with volar displacement which occurs more
commonly. The fracture fragment varies in size but
may involve up to 50% of the articular surface
(Fig. 10). The key feature is that the articular surface
of the lunate remains in contact with the displaced rim
fragment of the distal radius (Fig. 9), and it is this
finding that distinguishes this injury from a radio
carpal dislocation.

Subtle radial fractures can be easily overlooked.
The signs to look for are a subtle crinkle in the cortex
of the radius usually on the dorsal aspect and seen
only on the lateral film (Fig. 11). Alteration in the
radial angle from the usual 10� volar angulation will
provide confirmatory evidence but is not present in
every case. It has been suggested that soft issue signs
around the wrist such as loss of the pronator fat stripe
which is normally seen as a lucent area on the volar
aspect of the distal radius is a useful adjunct to
identifying subtle radial fractures (MacEwan 1964)
However, a recent review of the utility of this
observation has shown it to be of limited value with a
sensitivity of only 26% (Annamalai and Raby 2003).

Isolated fracture of the radial styloid process
(Fig. 12) is also known as Hutchinsons or Chauffeurs
Fracture. This refers to an intra-articular fracture that

Fig. 8 a and b Smiths
fracture. The distal radial
fracture fragment is angulated
and displaced in a volar
direction. The articular
surface not involved. There is
an associated distal ulna
fracture
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runs obliquely across the distal radius from the radial
cortex into the joint separating the radial styloid from
the parent bone. The injury is explained by the liga-
mentous attachments. The strong RSL and RLT lig-
aments attach to the radius on the styloid side and
result in this avulsion injury.

Die punch injuries occur due to impaction of the
lunate on the lunate fossa of the radius which results
in a depressed comminuted intra-articular fracture of
the radial articular surface which may have both
sagittal and coronal components (Fig. 13). The full

fracture extent may be difficult to see on plain films,
but CT will demonstrate the disrupted articular sur-
face which has both sagittal and coronal components.
Depression of the fracture fragments arising in or near
the lunate fossa is a key finding. There may be up to
four fracture fragments. Commonly, this type of
injury is seen as part of a more complex injury of the
radius.

The use of eponymous names is prone to
misuse. Unless all fully understand precisely what it
describes, clinical confusion can result. Many

Fig. 9 a There is a fracture of the distal radius with extension
into the radial articular surface. b The distal fracture fragment
is angled dorsally, the carpus is subluxed posteriorly. c Sagittal

CT confirms the intra-articular component of the fracture and
the dorsal subluxation of the carpus

Fig. 10 a Lateral radiograph with a small fracture fragment of
the distal radius on volar aspect. b Sagittal CT demonstrates the
degree to which the carpus has subluxed volarly. c A second

case where the volar fracture and carpal displacement is clearly
evident on the radiograph. It involves nearly 50% of the
articular surface

148 N. Raby



fractures do not fall precisely into any of the exact
original descriptions. It must be appreciated that
descriptions of injures that now have eponymous
names attached were derived from clinical examina-
tion and cadaveric studies in the pre radiology era.
The variations that can occur with all these injuries

were not appreciated at that time. For this reason, it is
probably better to give a full description of the frac-
ture lines, fragments displacement and angulation and
extent of articular involvement if any. To try and
improve on this situation, several classification sys-
tems have been proposed (Frykman 1967; Fernández
1993; Melone 1986; Jupiter and Fernandez 1997).
These are based variously on the mechanism of injury
or the anatomy of the fracture. These systems attempt
to provide a framework for treatment options by the
orthopaedic surgeon, but none have been universally
adopted. Unless locally agreed practice is to use one
of the classifications to communicate findings to your
orthopaedic surgeons, they are of little practical value
to the reporting radiologist on a day-to-day basis. For
this reason, they have not been included in this
chapter.

2.3 Distal Radio-Ulnar joint

In the acute setting, disruption of the distal radio-
ulnar joint (DRUJ) is seen in association with 3 types
of fracture.

By far the most common is in association with
fracture of the distal radius. Any significant radial
shortening may result in disruption of the distal radio
ulnar joint. The incidence of this is between 11 and
19% of distal radial fractures (May et al. 2002).

A different circumstance exists with the so-called
Galeazzi fracture dislocation. In this event, a fracture
of the shaft of the radius occurs with angulation and/
or overlap of bone at the fracture site. Unless there is
a fracture of the ulna as well, there will be dislocation

Fig. 11 a AP view there is
some disruption of the normal
trabecular pattern in the distal
radius, and there is a slight
step of the cortex. b On the
lateral, there is a subtle
buckling of the dorsal cortex.
Note that the normal volar tilt
of the distal radial articular
surface has been reversed

Fig. 12 There is an isolated fracture of the distal radius
running obliquely through the distal radius to reach the articular
surface. This separates the radial styloid from the rest of the
bone
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of the DRUJ. Conversely, if a DRUJ dislocation is
evident on a wrist radiograph, then a more proximal
radial fracture is likely to have occurred and radio-
graphs of the whole forearm must be obtained
(Fig. 14).

The third fracture associated with distal radio ulna
joint disruption is the Essex-Lopresti fracture dislo-
cation. This occurs when a fall on the outstretched

hand results in an axial force driving the radius
proximally with disruption of the DRUJ and the distal
interosseous membrane finally resulting in fracture
and or dislocation of the radial head. The injury is
generally only sustained by a severe force.

Isolated disruption of the DRUJ is much less
common and can be difficult to diagnose (Nicolaidis
et al. 2000; Tsai and Paksima 2009). It is thought to

Fig. 13 a AP radiograph shows abnormality of the distal
radius with comminution of the articular surface of the radius
on the ulnar side. This is the lunate fossa of the radius. b The
lateral view demonstrates disruption of the dorsal cortex. The

lunate has been driven down onto the radius causing this injury
pattern. c This 3D volume reconstructed CT is looking from the
ulnar side of the wrist (the ulna has been removed). The lunate
is seen disrupting the lunate fossa of the radial articular surface

Fig. 14 a AP of wrist
demonstrates a wide
separation and displacement
of the distal radio-ulnar joint,
It is impossible for this to
occur in isolation. There must
be a more proximal fracture of
the radius with angulation or
overlap at the fracture site.
b Radiograph of forearm
demonstrates such a fracture
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occur with hyperpronation with fall on the out-
stretched hand. A fracture of the ulnar styloid process
may be present, but this seen more commonly in
association with a radial fracture. DRUJ disruption in
turn is associated with injury of the TFCC and the
associated stabilising ligaments. Thus, this tends to
present more often as chronic wrist pain often with no
definite acute incident.

Plain radiographs (Nakamura et al. 1995; Lo et al.
2001) and CT (Nakamura et al. 1996) have been
utilised to evaluate the DRUJ, but can be difficult to
assess with considerable overlap between normal and
abnormal. There is an association between DRUJ
disruption, ulna styloid process fracture and damage
of the underlying TFCC.

Radiocarpal fracture dislocations (RCFD) are rare
and occur due to high-energy injuries with both
shearing and rotational components (Ilyas and
Chaitanya 2008). They can occur in isolation but
more commonly are associated with fracture of the
distal radius. Dorsal displacement is more common
than volar (Fig. 15). These injuries need to be dif-
ferentiated from the Bartons fracture where a rim
fracture of the radius is also present. In the Bartons
fracture, the radial articular surface remains in contact
with the proximal carpal row. With RCFD, the radial
articular surface is no longer in alignment with the
carpal row. This is best appreciated on the lateral
radiograph by observing the position of the lunate
relative to the radius. The dislocation may occur in

isolation, but often a dorsal dislocation is associated
with a volar rim fracture of the radius. This apparent
paradox is explained by the ligamentous attachments.
When the carpus dislocates dorsally, the volar
extrinsic ligaments attached to the volar rim of the
radius may avulse a bone fragment from this site
(Lozano-Calderón et al. 2006). RCFD are also asso-
ciated with intra-carpal fractures and fracture dislo-
cations (see below).

There are two classifications for these injuries.
Moneim et al. (1985) classified these injuries into 2
groups depending on whether there was associated
intercarpal injury or not. An alternative classification
is based on the size of the radial fracture fragment
(Dumontier et al. 2001). In those with no or only a
small radial fragment, there is likely to be major
ligamentous disruption resulting in multidirectional
instability. In those with a large radial styloid frag-
ment separated from the underlying bone, the radio-
carpal ligaments are likely to be intact. Reduction of
the dislocation with fixation of the fracture is likely
then to restore wrist stability.

3 Carpal Injuries

3.1 Scaphoid

The scaphoid is by far the most common of the carpal
bones to sustain an injury and accounts for at least

Fig. 15 a AP view of wrist
with evidence of disruption of
the carpal arcs. b On the
lateral view, the whole carpus
is displaced dorsally. The
bony fragments on the volar
aspect are due to avulsion by
the volar ligaments attached
to the volar aspect of the
radius
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60% of all carpal fractures (Gaebler 2006; Table 1).
The propensity for this bone to fracture more often
than all the other carpal bones combined is explained
by its anatomy. Unique among the carpal bones the
scaphoid bridges the proximal and distal carpal rows.
As these two rows move to different degrees during
wrist dorsiflexion, this places increased stress on the
bridging scaphoid. This is compounded by the pres-
ence of the radiocapitate ligament that lies across the
waist of the scaphoid. Both of these forces act to
maximise the stress forces at the waist of the scaphoid
thus accounting for the high incidence of injuries at
this site. Furthermore, in extreme dorsiflexion, the
scaphoid waist may impact upon the dorsal rim of the
radius providing an additional mechanism of injury.

Radiography The scaphoid lies at about the angle
of about 45� relative to the radial shaft in the sagittal
plane. It is overlapped by the lunate, capitate and
pisiform on the lateral view. Hence, the two con-
ventional views of the wrist may fail to demonstrate
some scaphoid fractures. With the PA view in

particular, the X-ray beam passes obliquely through
the scaphoid rather than at right angles to it, so a
fracture line through the waist of the scaphoid will be
traversed obliquely by the beam. Therefore, unless the
fracture is widely separated, it is often not detected on
this view. To overcome these problems, it is essential
when a scaphoid injury is suspected clinically that
additional dedicated views are obtained. Typically, 2
more radiographic projections are employed with the
intention of elongating the scaphoid, projecting it
clear of other carpal bones and allowing the X-ray
beam to pass through the scaphoid perpendicular to its
long axis. The projections used vary, but in the
authors department a second PA view with ulnar
deviation plus one with the tube angled at 45̊ towards
the elbow is obtained (Figs. 16, 17).

This small bone causes more diagnostic and
management difficulties than almost any other due to
the nature of its blood supply. Its blood supply is
unusual with the blood entering the distal pole first
then passing into the proximal pole. The result is that
when fracture occurs through the waist of the sca-
phoid which is the commonest site (80% of cases) and
the proximal pole (10%) the blood supply to the
proximal pole is interrupted (Fig. 18). This brings
with it the danger that the proximal pole loses its
vascular supply and develops avascular necrosis.
Fractures of the waist are associated with 30% inci-
dence of AVN, and disruption of the proximal pole
almost always leads to this complication (Fig. 19).
Alternatively, the lack of blood supply hinders heal-
ing at the fracture site and non-union of the fracture
occurs (Fig. 20).

Table 1 Relative incidence of carpal bone fractures

Scaphoid 68.2%

Triquetrum 18.3%

Trapezium 4.3%

Lunate 3.9%

Capitate 1.9%

Hamate 1.7%

Pisiform 1.3%

Trapezoid 0.4%

Fig. 16 In addition to the
conventional AP and lateral
views of wrist, if a scaphoid
fracture is suspected, then
additional view must be
obtained. These are with
a ulnar deviation of the wrist
and b deviation and
angulation of the tube towards
the elbow
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Historically, extreme care has been taken in man-
aging patients with suspected scaphoid injuries.
Because of the difficulties that may occur in identi-
fying scaphoid fractures on radiographs, a combined
clinical and radiological approach has been adopted to
minimise the possibility that a fracture has been over
looked. In patients with an appropriate history and
clinical findings suggestive of scaphoid fracture, an
initial scaphoid series of radiographs is obtained. If a
fracture is identified, the wrist is immobilised and

managed accordingly. If no fracture identified, it is
recognised that this does not completely exclude a
fracture due to the difficulties described above.
Accordingly, because of the possible long-term
complications that may arise after suboptimal treat-
ment of a fracture the patient is managed as if a
fracture is present and the wrist is immobilised. The
patient is then reviewed at about 10 days when further
radiographs are obtained. It is stated that resorption

Fig. 17 Effect of scaphoid
views. a Conventional AP
view does not show any
definite abnormality.
b Angled view clearly
demonstrates a now obvious
fracture

Fig. 18 The sites of scaphoid fracture with frequency of
occurrence. Fractures of the waist account for the great majority

Fig. 19 Initial radiograph taken at time of injury demonstrated
a fracture of the waist of the scaphoid. This radiograph taken
18 months later shows that the fracture line remains well
demarcated with sclerotic edges. This represents established
non-union of the fracture
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will occur around a fracture site rendering it visible on
delayed radiographs. This process may need to be
repeated on several occasions until either a fracture is
clearly identified or the patient’s symptoms resolve.
‘‘We overtreat a lot of patient to avoid undertreating a
few’’ (Barton 1992).

This practice or similar modifications remain in
common use (Brookes-Fazakerley et al. 2009); how-
ever, it has been questioned in the era of more
sophisticated imaging options. To understand the
validity of the management rationale, some basic
back ground information is required.

How many fractures are present but not visible at
the time of the initial radiographs?

Most studies have shown that in fact a great
majority of fractures (85% or more) are visible on the
initial films (Leslie and Dickson 1981; Brøndum et al.
1992). Some even consider that all fractures can be
identified (Duncan and Thurston 1985).

How many patients develop non-union or avascu-
lar necrosis?

The same authors independently found that these
complications occurred in 5% of patients with a sca-
phoid fracture.

How often are fractures identified on follow-up
films?

In a recent study using MR as the gold standard, it
was found that detection of occult fractures on follow-
up films was extremely inaccurate, with sensitivity as
low as 9% and very poor interobserver reliability
(Low and Raby 2005). This confirmed observations

by others (Tiel-Van Buul et al. 1992a, b). It is
apparent that clinicians rely on clinical findings rather
than radiographs to guide management.

To improve on this situation, for many years
other imaging modalities have been utilised includ-
ing isotope bone scan CT and MRI. A recent inter-
national survey (Groves et al. 2006) however has
shown that despite the extensive evidence base the
majority of departments still undertake repeat radio-
graphs when no fracture is seen. Alternative imaging
modalities are employed only as a secondary inves-
tigation and in order of frequency these are MR CT
and isotope scan.

Isotope bone scans are sensitive but non-specific.
Whilst almost all fractures will show evidence of
increased isotope uptake if scanned 3 or more days
after the acute event, approximately 35% of increased
isotope up take in the carpus is due to abnormality
other than a scaphoid fracture, and additional imaging
may be needed to resolve this issue (Tiel-Van Buul
et al. 1992a, b; Tiel-Van Buul et al. 1993; Waize-
negger et al. 1994; Beeres et al. 2007).

CT is utilised more than isotope scans (Groves
et al. 2006). Whilst CT can undoubtedly identify
some occult fractures (Fig. 21), there is still an error
rate (Adey et al. 2007), and it has been shown that
trabecular bone injury will not be detected although
the relevance of this is debatable (Memarsadeghi
et al. 2006; La Hei et al. 2007).

MRI Is now the investigation of choice (Foex et al.
2005), but use remains limited due to perceptions that

Fig. 20 The proximal pole of the scaphoid is sclerotic and
shrunken. This is the appearance of established avascular
necrosis some 5 years after initial injury

Fig. 21 Multislice CT with coronal reconstruction demon-
strates a fracture of the scaphoid. No abnormality was evident
on the plain radiographs
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its availability is restricted. There is extensive litera-
ture regarding the use of MR in patients with sus-
pected scaphoid fracture not evident on plain film
(Fig. 22) (Raby 2001; Brydie and Raby 2003). This
consistently indicates that MR accurately identifies
scaphoid fractures, and other carpal or radial fractures
that may be responsible for the patient’s symptoms.
Just as importantly a normal MR will exclude bony
injury allowing early discharge of the patient from
hospital care, and it is this fact that renders it cost
effective (Kumar et al. 2005). Several studies have
confirmed this to be the case. The ability to be able to
reliably discharge patients without need for immobi-
lisation, further hospital attendance or repeat radio-
graphs is the most important benefit of this strategy
(Dorsay et al. 2001).

Despite the best efforts of all concerned in the
management of patients with scaphoid fractures, non-
union or AVN still occurs in a small proportion of
patients. Attention has thus been directed to imaging
techniques that may indicate that a recognised frac-
ture is either failing to unite or developing AVN in
the hope that early detection of these complications
would allow early intervention (Figs 23, 24). To date,
evidence of ability to reliably detect these complica-
tions is limited. The major focus has been on the use
of MRI with contrast enhancement. The theory is that
as fracture of the scaphoid waist may interrupt the
blood supply to the proximal pole, then on contrast
enhanced scans lack of enhancement of the proximal
pole will indicate lack of blood supply and thus poor
prognosis with non-union or avascular necrosis as a

long-term result (Dawson et al. 2001). Studies have
had conflicting results, and the numbers in the studies
have been small (Singh et al. 2004; Cerezal et al.
2000) There is no good evidence that contrast-
enhanced MR can accurately predict either of these
complications. However, whether or not these com-
plications are detectable earlier by imaging is of little
consequence if the final outcome remains unaltered.
To date, there is no robust evidence that there is any
improvement in outcome as a result of contrast-
enhanced MR, and one study has shown no outcome
benefit in a group of patients who underwent MR
prior to surgery (Singh et al. 2004). Further studies
with accumulation of large data sets are required to
confirm or refute its value.

CT also has its advocates (Smith et al. 2009) with a
recent paper suggesting benefit in the detection of
AVN and non-union with improved outcome after
surgery. Confirmatory evidence from other sources is
awaited. CT however is undoubtedly of value in
detecting certain other complications of scaphoid
fracture. Some scaphoid fractures unite satisfactorily
but may develop the so-called hump back deformity
(Fig. 25). This occurs when the distal fracture frag-
ment flexes in a palmer direction with the distal carpal
row whilst the proximal fragment rotates dorsally
with the proximal carpal row. This results in angu-
lation occurring at the fracture site with a prominent
dorsal bony protrusion and is best appreciated on CT.
It is associated with persisting pain, restriction of
movement and development of arthritic changes. CT
can also assist in confirming that a fracture has united

Fig. 22 a Radiographs are normal. No scaphoid fracture
identified on any view. b and c Coronal T1-weighted and
STIR MR demonstrates a fracture across the scaphoid waist

seen as a low signal linear line on the T1-weighted and high
signal line on the STIR sequence
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when plain films suggest that a fracture line persists
(Fig. 26).

3.2 Other Carpal Fractures

After the scaphoid, the triquetral bone is most com-
monly injured accounting for 18–20% of injuries
(Table 1). This injury is usually due to a bony avulsion
of the insertion of the radio and ulno triquetral liga-
ments. Typically, the fracture is not evident on the PA
view but can be seen on the lateral as a bone fragment
seen on the dorsal aspect of the wrist (Fig. 27). Trans-
verse fracture can also occur due to extreme dorsi-
flexion with compression of the triquetrum between
the ulna and hamate. These fractures may be seen in
association with Perilunate dislocation (see below).

Other carpal bone injuries are all relatively rare,
each of the other carpal bone accounting each for only
2–3% of injuries. CT or MR may have a useful role to

play in these injuries that are often difficult to detect
on plain films.

Fractures of the hamate can involve the hook in
isolation or the body. Hook fractures are often asso-
ciated with sporting activities since the handle of a bat
or racquet abuts the hook. Conventional radiographs
will often fail to demonstrate such injuries that may
therefore be diagnosed as soft tissue injuries or ‘‘wrist
sprain’’ only (De Schrijver and De Smet 2001).
Additional views have been shown to demonstrate
these fractures such as the so-called carpal tunnel
view. However, if such a fracture is strongly suspected
clinically, then CT will demonstrate them most clearly
(Fig. 28) (Kato et al. 2000). Fracture of the body can
occur in isolation but more often are associated with
other carpal fractures or with fracture dislocation of
the 5th metacarpal base. These injuries are usually
evident on conventional radiographs (Fig. 29).

Capitate fractures in isolation are uncommon.
Typically, fractures occur through the waist of the

Fig. 23 a Radiograph shows scaphoid waist fracture with
cystic bone resorption 5 months after initial injury. b Coronal
T1-weighted image. There is loss of normal marrow signal in
the proximal pole. c STIR sequence shows diffuse high signal

indicating marrow oedema. d Post-contrast T1 weighting with
fat saturation shows enhancement of the proximal pole
suggesting it retains a vascular supply
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Fig. 24 a Fracture of scaphoid proximal pole now 6 months
old. b There is complete loss of normal marrow signal in the
proximal pole on T1-weighted image. c PD fat-saturated image

shows diffuse marrow oedema. d Post-contrast T1-weighed
with fat saturation. There is no enhancement of proximal pole
suggesting loss of blood supply

Fig. 25 a Radiograph shows a fracture across the proximal
third of the scaphoid. Resorption at fracture site has resulted in
cystic change at the fracture line. b CT undertaken to confirm
non-union. There is no evidence of any bony continuity at the

fracture site. c Sagittal reconstruction demonstrates displace-
ment at the fracture site resulting in the so-called hump back
deformity
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capitate. These can be seen on the AP view of the
wrist (Fig. 30). More commonly capitate fractures
occur in association with perilunate dislocation.
Fractures occur as a result of wrist dorsiflexion. With
more severe injury, the proximal pole of the capitate
can be displaced and rotated through either 90� or
180� (Fig. 31). These findings are seen along with
other fractures of the greater arc or zone of
vulnerability.

Lunate fractures are uncommon and typically are
small chip or avulsion fractures. Only occasionally do
the fractures extend through the bone. The principal
complication is that of avascular necrosis (Keinbock’s
disease). Pisiform and trapezoid fractures are rare and
are not considered further.

3.3 Carpal Dislocations

The proximal carpal row (scaphoid, lunate and tri-
quetral) act as a functional unit and is referred to as an

intercalated (inserted in between) segment. That is a
functional row of bone inserted between the distal
radius and the distal carpal row. These three bones act
as a keystone coordinating wrist motion and trans-
mitting force between wrist and hand. The proximal
row of carpal bone has no tendons attached and relies
on complex ligamentous attachments as well as bony
configuration for stability. The pisiform although it
lies proximally is not functionally associated with
these bones. It is a sesamoid bone within the tendon
of flexor carpi ulnaris.

The distal row of trapezium, trapezoid, capitate
and hamate is more stable and forms a transverse arch
supporting the metacarpal bones. The distal row of
carpal bones are rarely disrupted unless associated
with other injuries (see below). The scaphoid that lies
at an angle bridges the proximal and distal carpal row
and normally contributes to stability of the carpus.
Fractures of the waist of the scaphoid break this bony
linkage between the two rows. Most carpal fractures
and dislocations occur due to falling on the

Fig. 26 a Radiograph of
scaphoid fracture after
6 months. The fracture line
persists suggesting possible
non-union. b Coronal
reformatted CT. The scaphoid
is sclerotic with a linear
lucency across the waist
suggesting non-union.
c Sagittal reformatted CT
shows that in fact there is
bony union across the
majority of the fracture site. A
step in the cortex is the cause
of the linear lucency seen on
the previous images
mimicking a persistent
fracture line
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outstretched wrist with the wrist forced into a hy-
perextended position. Evaluation of these injuries is
aided by the evaluation of lines or arcs drawn through
the carpus. Somewhat confusingly this nomenclature
does not relate to the same arcs used to describe

normal carpal alignment (Yeager and Dalinka 1985).
In this terminology, the lesser arc separates the lunate
from the adjacent carpal bones (Fig. 32). The greater
arc passes through the scaphoid, capitate, hamate,
triquetral (and in some modifications the distal radius
and ulna). Injury through the lesser arc represents a
lunate dislocation. Injuries of the greater arc indicate
a perilunate injury. This may be an isolated perilunate
dislocation or with associated fracture(s) of bones
along this arc. Virtually, all combinations of fracture
can occur along this zone. This is best referred to as
the ‘‘Zone of Vulnerability’’ (Johnson 1980). An
abnormality anywhere along this arc should prompt a
thorough search of all points to identify associated
fractures. Injuries of the greater arc are twice as
common as those of the lesser arc.

Carpal dislocations thus most commonly involve
the proximal row of bones, and the lunate is most
often involved. Understanding the lateral radiograph

Fig. 27 This lateral radiograph shows several bone fragments
on the dorsal aspect at mid-carpal level. This finding almost
invariably indicates a triquetral fracture although the AP view
will usually be normal. Further investigation by cross-sectional
imaging to prove the origin of the bone fragments is generally
not required or indicated

Fig. 28 Sagittal CT
demonstrating a fracture of
the hook of the hamate. This
was not visible on
conventional radiographs

Fig. 29 a AP radiograph of
wrist is normal. b Oblique
view demonstrates a vertical
fracture of the hamate
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is key to detect these injuries although valuable
information is also available on the PA view. On a
normal lateral view of the wrist, there should be
alignment of the lunate with the distal radius and the
capitate. That is to say that a line drawn through the
centre of the lunate should inferiorly pass through the
radial articular surface and superiorly should pass
through the centre of the capitate (Fig. 33). If this rule
is broken, a carpal dislocation is certain. We (Raby
et al. 2005) have likened this to a saucer (the radial
articular surface) with a cup (the lunate) sitting on it.
Within the cup, there should sit an apple (the capi-
tate). Lunate dislocation occurs with hyperextension
injuries. On a PA radiograph, the normal intercarpal

distances are disrupted with bony overlap evident.
The lunate appears to have a triangular shape where
normally it has a trapezoid appearance. It is on the
lateral film however where the diagnosis is most
easily detected. Here, a dislocated lunate will be seen
displaced to the volar aspect. It is rotated so that is has
the appearance of a new moon (Fig. 34). The align-
ment of the radius and capitate is preserved, but the
lunate (the cup) lies palmer to the line drawn through
the radius and capitate. Lunate dislocation is most

Fig. 30 There is fracture through the proximal third of the
capitate. This is unusual in isolation

Fig. 31 a Complex mid carpal fracture dislocation. There are
fractures of the scaphoid and proximal third of the capitate.
b On the lateral view, the proximal capitate articular surface
can be seen rotated through 90� lying dorsal to the lunate. There

is perilunate dislocation of the carpus. Capitate fracture are
more commonly seen in association with these mid-carpal
injuries

Fig. 32 Carpal fracture dislocations occur along the greater
arc or zone of vulnerability
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commonly an isolated finding with additional frac-
tures found only uncommonly. The maxim ‘‘the cup
should never be empty’’ is a simplistic but effective
way of detecting these injuries.

Perilunate dislocation is also a hyperextension
injury and is often associated with other carpal

injuries (see above) most commonly a fracture of the
scaphoid. It is more common than lunate dislocation.
In this injury, the lunate remains aligned with the
radius, but the capitate and the rest of the distal carpal
row are displaced in a volar direction (Fig. 35). For
this to occur, there must be disruption of some of the
intra-carpal ligaments. The injury is often not appar-
ent on the PA views, but on the lateral film the lunate
(cup) remains on the saucer (distal radius). The cap-
itate (apple) does not sit in the cup but lies posterior
(volarly). As already seen perilunate dislocation is
typically associated with other fractures along the
greater arc zone of vulnerability (Fig. 36). When
there are both fractures and perilunate dislocation
present, the convention is to describe first the frac-
tures then the dislocation. In this case, the description
should be of a trans-scaphoid, trans–triquetral and
perilunate dislocation.

Scapho-lunate disassociation is also known as
rotatory subluxation of the scaphoid. It is a ligamen-
tous injury occurring with forced wrist extension.
Several ligaments are disrupted in this injury. In
sequence, the radioscaphoid, the volar radiocapitate
and finally the scapho-lunate ligament fail. This
allows the distal scaphoid pole to rotate in a volar
direction. On plain radiographs, the injury can be
identified by noting a widening of the intercarpal
distance between scaphoid and lunate. This is the so-
called Terry Thomas sign. The rotation of the

Fig. 33 The normal alignment of the three key bones on the
lateral view. The capitate sits on the lunate which sits on the
radius. A line drawn through the capitate should pass through
the approximate centre of the lunate and distal radial articular
surface

Fig. 34 a There is disruption of the proximal carpal arc with
interruptions at the junctions of lunate with the scaphoid and
triquetral. The lunate has a triangular configuration compared
with the normal quadrilateral shape. b Lateral view

demonstrates loss of the normal alignment of the radius, lunate
and capitate with the lunate rotated and displaced volarly.
These are all signs of lunate dislocation
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scaphoid causes it to be foreshortened, and the distal
pole seen end on has a ring-like appearance (Fig. 37)
(Hudson et al. 1976). On occasion, the radioscaphoid
ligament avulses a bone fragment from the radial
styloid attachment, but more often there is no fracture
evident so that this is injury that can be easily
overlooked.

4 Carpo-Metacarpal Injuries

There is normally little movement at the carpo-
metacarpal joints. Strong ligaments bind the distal
carpal row to the base of the metacarpals, and there
is little movement possible either on palmer or

Fig. 35 a There is little to
see on the AP view of the
wrist apart from the triangular
configuration of the lunate.
The arcs are maintained. b On
the lateral view, however,
there is loss of the normal
carpal alignment. The lunate
sits normally on the radius,
but the capitate now lies
dorsal to the lunate indicating
a perilunate dislocation. The
cup of the lunate is empty

Fig. 36 a AP radiograph demonstrates fractures of the waist of
the scaphoid and triquetral bones. There is disruption of the
second carpal arc with loss of the normal intercarpal spacing.
There is marked overlap of both scaphoid and lunate with the

capitate. The lunate has an abnormal triangular appearance.
b The lateral view demonstrates the capitate does not sit on the
lunate but lies dorsal to it. This is a trans-scaphoid trans-
triquetral perilunate dislocation
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dorsiflexion. Dislocations at this site only rarely occur
in isolation and are more commonly associated with
fractures of the metacarpal bases or the adjacent
carpal bones, most commonly the hamate and capi-
tate. These injuries are rare and result from high-
energy axial loading of the metacarpals such as occurs
when delivering a punch. The site of injury often
leads to request from the referring clinician for
radiographs of the hand rather than the wrist. An AP
and oblique view will be obtained.

Disruption of the carpo-metacarpal joint may occur
in isolation or may be associated with fracture of
either the proximal metacarpal or the adjacent carpal
bone. Isolated dislocations without associated fracture
are difficult to identify. These injuries can be detected
by observation of the loss of the normal gaps between
the distal carpal row and the base of the metacarpals
and/or by identifying areas of increased bone density
due to the resultant bone overlap (Fig. 38). Fisher
et al. (1983) described the appearance of the carpo-
metacarpal joint from the second to fifth metacarpal
as having an elongated M shape. The articular sur-
faces of the metacarpals and adjacent carpal bones
form two parallel lines with this M shape. Loss of this
normal configuration should alert the viewer to a

possible metacarpal dislocation. All of these findings
are best seen on the AP view. Where there is suspi-
cion on the standard radiograph series, a lateral of the
hand may add further useful information. The dis-
placed metacarpal will then be visible as almost all
are dislocated dorsally (Fig. 39). Metacarpal fractures
when present aid identification of the injury. Carpal
fractures may be impossible to see on plain films and
may only be evident on subsequent CT (Fig. 40)
(Kaewlai et al. 2008; You et al. 2007). A common
injury is that of fracture dislocation of the 5th meta-
carpal, and this accounts for 50% of single ray dis-
locations. It is likely that this is due to the attachment
of the extensor and flexor carpi ulnaris tendons to the
5th metacarpal base which draw the dislocated bone
proximally resulting in bony overlap. The second
metacarpal accounts for 25% of solitary dislocations.
Multiple dislocations are more common. Dislocation
of the 5th metacarpal plus one or more of the other
metacarpals accounts for 80% of injuries at this level
(Rodgers 2001).

5 Acute Soft Tissue Injuries

In acute trauma, soft tissue injuries are common but
are usually overshadowed by the presence of bony
fractures and dislocations. Thus, injuries of the

Fig. 37 There is widening of the gap between lunate and
scaphoid. The scaphoid has rotated and appears foreshortened.
There is a ring-like appearance of the distal pole due to the pole
now being seen end on. This indicates disruption of the scapho-
lunate ligament. Known correctly as rotatory subluxation of the
scaphoid, it has been known as the ‘‘Terry Thomas sign’’ in the
UK after an actor who had a large gap between his front teeth

Fig. 38 AP radiograph of wrist. There is loss of the carpo-
metacarpal spaces with increased bone density at the base of the
2nd and 3rd metacarpals due to bone overlap indicating
dislocation at this site
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Fig. 39 a AP and oblique radiographs of wrist and hand.
There is loss of the normal carpal-metacarpal spacing at the
base of the 3rd to 5th metacarpals. Increased sclerosis is also

evident, meaning there must either be bone impaction or
overlap. b An additional lateral view demonstrates dorsal
dislocation of the metacarpals

Fig. 40 a Loss of carpo-
metacarpal space at 5th
metacarpal. Note also there is
loss of alignment of the third
metacarpal with the capitate.
b Sagittal CT image
demonstrates dorsal
dislocation of a metacarpal
with fractures of the capitate.
c Axial CT image shows
fractures of capitate and
hamate. CT will often identify
additional fractures in this
type of injury
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intercarpal ligaments which occur in most carpal
dislocations are not specifically identified and treated.
Isolated soft tissue injuries do occur as a result of
trauma. Rupture of the scapho-lunate ligament with
rotary subluxation of the scaphoid has already been
considered. The triangular fibrocartilage complex is
another soft tissue structure which can be injured
acutely. Bony injuries may be present, but in many
cases it is an isolated soft tissue injury. Palmer (1989)
classified injuries of the TFCC into acute traumatic
(Palmer class 1) and chronic degenerative (Palmer
class 2). It is only the former that will be considered

here. Palmer further subclassified these acute TFCC
injuries into 4 groups depending on the site of per-
foration (Table 2). MR has proven to be accurate in
the assessment of TFCC injuries (Fig. 41) (Oneson
et al. 1996), but MR arthrography may be required to
detect these injuries (Zanetti et al. 2007). Imaging at
higher field strength (3T) has been shown recently to
improve identification of the injuries without the use
of intra-articular contrast (Magee 2009).

6 Chronic/Overuse Injuries

Chronic stress injuries of the upper limb are far less
common than in the lower limb. This is self-evident
as in normal circumstances the upper limb is not
weight bearing rending it much less likely to come
under repetitive stress during normal daily activities.
Stress injuries of the upper limb are thus almost
exclusively found in those who undertake activities
outwith the norm. Principally, this involves athletes’
or those with unusual jobs that require use of the
upper limb in an unusual activity.

In a review of 44 cases of upper limb stress injuries
in athletes, SINHA et al. (1999) found only 17
occurred in the wrist. The only stress fractures
reported involve the distal radius, the distal ulna and
the scaphoid. Stress injuries in athletes may occur as a
result of repetitive stresses applied at the site of
muscular attachments to bone such as may occur with
weight lifters. Alternatively, repeated weight bearing
especially if there is impact loading can also result in
a bony stress response. This has been described most
often in gymnasts usually females as their routines
include many activities (Webb and Rettig 2008),
which involve weight bearing on the upper limb often
with impact forces in addition. The radiology findings
on plain films have been described (Carter et al.
1988). In a series of 8 gymnasts aged 14–16, radio-
graphs of the wrist demonstrated irregularity and
widening of the radial epipyhseal growth plate bilat-
erally but asymmetrically. The irregularity of the
growth plate was largely marked on the metaphyseal
side (Fig. 42). Some of the cases also showed an ill-
defined cystic appearance. In 5 cases, the ulna growth
plate was also affected but to a lesser extent. The
findings have likened to the appearances seen in
rickets (Liebling et al. 1995). The MR appearances
have been described (Shih et al. 1995). In an

Table 2 Palmer classification of TFCC tear

Traumatic
injury

Comments

A. Central
perforation

B. Ulnar
avulsion

May have avulsion of ulna styloid
Associated with injury to palmar and
dorsal radio-ulnar ligaments. May result in
instability

C. Distal
avulsion

Distal avulsion of ulna lunate or ulna
triquetral ligaments

D. Radial
avulsion

Avulsion of insertion into radius, may be
associated with a fracture

Fig. 41 Twenty-one-year male with pain persisting after a fall
on the wrist some 6 weeks previously. Coronal T2* GE MR of
wrist. There is a central perforation of the articular disc of the
TFCC
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examination of 93 wrists in 47 gymnasts. The authors
described several findings including widening of the
growth plate, extension of the physeal cartilage into
the metaphysis and or epiphysis. Also noted in some
cases were vertical or horizontal fractures of the
metaphysis. MR was more sensitive than plain films
in the detection of most of these abnormalities. This
has been confirmed in a recent paper (Dwek et al.
2009).

In addition to the metaphyseal stress injuries
described above, the scaphoid has been reported to
undergo stress fracture. Seven of Sinha’s 44 cases had
scaphoid stress fractures. These are seen in gymnasts
but also in weight lifters. Weight bearing with the
wrist in extension is the mechanism of injury which
places repeated stress across the scaphoid waist.
Stress fractures of the other carpal bones are excep-
tionally rare (Anderson 2006).

There are two further areas worth brief consider-
ation. The first is the bone changes that may be seen
within the wrist and carpus as a result of chronic
vibration. Use of vibrating power tools such as
pneumatic drills and chain saws may result in a
spectrum of clinical disorders including white finger
syndrome and carpal tunnel syndrome representing
respectively vascular and neural changes as a result of
exposure to repeated vibration over a long period of

time. Furthermore, cystic changes visible on radio-
graphs within the carpal bones particularly have been
reported to occur in these workers. These changes in
cysts measuring between 2 and 5 mm occur most
commonly in the lunate and scaphoid. The association
of these findings with occupational exposure is how-
ever inconsistent with some finding these changes
almost as frequently within age-matched controls
(Malchaire et al. 1986). There seems little evidence
that those at risk should have regular screening
radiographs of the wrists and in those with symptoms
radiographic findings need to be treated with caution
as cause and effect have not been proven (Gemne and
Saraste 1987).

Finally, there are a few reports of instances of cysts
developing at the site of healing fractures (Fig. 43).
This is seen particularly in children with greenstick
fractures, and the distal radius is the commonest site.
The cystic change is seen initially at or close to the
fracture site but persists and appears to migrate
proximally into the diaphysis with time. On cross
sectional imaging, the lesion is seen to lie not within
the medullary cavity but in a juxtacortical or subpe-
riosteal position (Roach et al. 2002). The pathogen-
esis is debated (Phillips and Keats 1986) with
subperiosteal fat (Papadimitriou et al. 2005) subperi-
osteal (Durr et al. 1997) and intra-osseous haemor-
rhage all mooted as possible causes. The presence of a
lucent lesion of bone away from the fracture site some
time after the injury which may have healed can lead
to diagnostic confusion with a tumour (Houshian et al.
2007) being considered as a possible cause. Thus,
recognition of this entity with the typical cross-sec-
tional appearance will prevent this erroneous diag-
nosis being entertained for too long.

7 Summary/Key Points

Careful evaluation of both AP and lateral radiographs
is essential to avoid overlooking significant injury of
the wrist and carpus. Understanding of ligamentous
anatomy aids understanding of the injury patterns that
occur.

Identification of one injury should alert one to the
possibility of other associated injuries. Knowledge of
the pattern of these injuries allows a systematic
directed search to be undertaken.

Fig. 42 AP radiograph of wrist of a young gymnast. There is
widening of the epipyhseal plate with irregularity on the
metaphyseal side
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Lateral radiograph contains much vital informa-
tion. It is essential to become familiar with its
appearances and understand the normal anatomical
relationships.

MR is a technique of choice for detecting occult
scaphoid fractures.

Describe fractures and dislocations systematically
rather than using eponymous names.
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Abstract

The painful clunking, unstable wrist has been an
area of specific interest for clinicians and radiol-
ogists for many years. This chapter aims to focus
on the unstable wrist, reviewing the clinical
problem, exploring current hypotheses, critically
evaluating radiological tools in aiding the clini-
cian, and illustrating the integrative views of the
authors based on their fundamental research and
clinical practice. This chapter cannot provide a
complete overview as this is a controversial area
with an extremely extensive literature.

1 Introduction

Carpal instability is a problem of unknown extent, of
which sparse literature suggests an incidence of 2.6 %
in adults (Mink van der Molen 1997). The lack of
reliable data relating to incidence is partly due to the
lack of consensus relating to diagnosis and terminol-
ogy and also the result of differences between ways in
which carpal instability is classified (Kobayashi et al.
1997). The wrist has a complex anatomy involving 15
bones comprising the radius and ulna, carpal bones,
and metacarpal bases. However the biomechanical
principles governing carpal kinematics and instability
remain poorly understood.

2 Anatomy

With the exception of flexor carpi ulnaris on the
pisiform, none of the tendons that move the wrist
insert onto carpal bones. This means stabilization of
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the carpal bones is almost entirely passive, move-
ments being dependent on the shapes of the articula-
tions between bones and their passive stabilization by
a complicated series of intrinsic ligaments.

Wrist ligaments fall into two groups: the extrinsic
ligaments linking the radius or ulna to the carpal
bones and the intrinsic ligaments running between
carpal bones. The two most important intrinsic liga-
ments lie in the proximal carpal row, between the
scaphoid and lunate (scapholunate) and between the
lunate and triquetral (lunatetriquetral) bones.

The scapholunate (SL) and lunatetriquetral (LT)
ligaments have a complex structure with strong
fibrous volar and dorsal components and a thinner
membranous central portion. The membranous por-
tion has no stabilizing function and only the volar and
dorsal components act as true ligaments. Small per-
forations in the membranous portion of the ligaments
may exist in the normal population. The dorsal
component of the SL and the volar component of the
LT ligaments are the thickest and most important
components for stabilization (Cerezal et al. 2012).
The lunate attachments of the two ligaments are
stronger than the scaphoid and triquetral attachments
which means injury will tend to occur at the scaphoid
attachment of the SL ligament and at the triquetral
attachment of the LT ligament.

The extrinsic ligaments lie on the volar and dorsal
aspects of the wrist. On the volar aspect of the wrist
the ligaments tend to course from the radius and ulna
toward the capitate (radioscaphocapitate and ulnotri-
quetralcapitate ligaments) or toward the lunate

(radiolunate and ulnolunate ligaments). On the dorsal
aspect of the wrist the most important extrinsic liga-
ment is the dorsal radiotriquetral ligament which also
sometimes has attachments to the lunate which it
stabilizes against volar flexion (Viegas et al. 1999)
(Fig. 1).

3 The Clinical Problem

The classical presentation of carpal instability is a
patient presenting with reduced range of motion and
wrist pain and mechanical symptoms, usually a clunk.
Such a presentation requires the clinician to establish
the cause of the mechanical symptoms by identifying
the site of instability.

A clunk is described as a low-pitched dull sound,
caused by sudden subluxation or reduction of a par-
tially dislocated carpal bone (Gilula et al. 2002).
Various types are described (Garcia-Elias 2008). The
origin may be from a particular carpal row with dis-
ruption of the SL ligament within the proximal carpal
row the most frequently described entity (Amadio
1991). LT instability is a less frequently encountered
pattern of proximal carpal row instability. In the
authors’ experience midcarpal laxity or instability
(MCI) is the most frequently encountered cause of the
clunking wrist in daily practice.

The most frequently used and widely recognized
system for the classification of carpal instability is the
MAYO classification. This system identifies four
categories of instability (Dobyns 1998).

Fig. 1 Diagram showing the
major extrinsic ligaments of
the wrist. a Volar showing
1 = ulnotriquetralcapitate,
2 = radioscaphoidcapitate,
3 = radiolunatetriquetral,
4 = ulnolunate,
5 = radiolunate. b Dorsal
showing the radiotriquetral
ligament which also has an
attachment to the lunate
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Type I: Carpal instability dissociative (CID),
representing instability occurring within a
carpal row with S-L or L-T intercarpal
ligament disruption as examples.

Type II: Carpal instability non-dissociative
(CIND), described as carpal instability
between rows. This falls into three broad
groups: instability between the radius and
proximal carpal row, instability between
the proximal and distal carpal rows, or a
combination of the two.

Type III: Carpal instability complex (CIC), a
combination of types I and II.

Type IV: Adaptive carpal instability (CIA), in
which abnormal carpal kinematics result
from trauma such as a distal radial
malunion, or congenital dysplasia.

The reality is frequently more complex than this
apparently simple classification suggests and the
clinical situation is rarely clear. Because of this
imaging assessment is commonly required.

4 Imaging

4.1 Conventional Radiography

The primary imaging modality for wrist problems in
general and specifically for patients with an unstable
wrist is conventional radiography. It is recommended
that both wrists are imaged enabling comparison; this
can only be done if standardized techniques are used.
Although this standardized technique is well described
in the literature (Gilula et al. 2002; Peh and Gilula
1994; Weiss et al. 2007), awareness of such standard-
ization among radiographers and clinicians is often
lacking. Training of radiology technicians and radi-
ographers in how to achieve optimal and reproducible
images should be part of the clinical responsibility of
the supervising radiologist. The measurement of
specific angles that are extensively described in the
literature with respect to carpal instabilities can only be
done reliably on these standardized images (Gilula
et al. 2002). Ideally, the technician should be part of the
team dealing with wrist pathologies.

Although the use of conventional PA and lateral
radiographs is widely adopted, the value of additional
views is questionable and debated in the literature and

among clinicians. Several additional views (instability
series and/or stress views) are described; PA views
with maximal ulnar and maximal radial deviation, and
AP clenched fist views are among the ones most
commonly used (Gilula et al. 2002; Peh and Gilula
1994; Weiss et al. 2007; De Filippo et al 2006; Metz
et al. 1997; Pliefke et al. 2008). In some cases up to 15
different additional views to analyze the wrist of a
single patient are described (Metz et al. 1997).
However, the literature on standardization of technique
and reproducibility of these additional views is very
limited. Although these views are described as being
advantageous for analyzing wrist instability in the
authors’ opinion they hold significant limitations. Too
many variables are introduced, for instance the maxi-
mum ulnar or radial deviation differs enormously
between patients and within the same patient at dif-
ferent time points. Furthermore, these views have not
been tested in a healthy population with no established
normal parameters (Toms et al. 2011). An additional
problem is that views with maximal ulnar and radial
deviation only provide information on the end points of
deviation and lack information on the whole pathway
of the movement (see section on 4D imaging). One also
has to be aware of the normal movement patterns of the
carpals and their projection on the radiographs in
normal situations. In maximal radial deviation the
projection of the scaphoid and lunate is completely
different compared to views in maximal ulnar devia-
tion. If the radiologist is unaware of this phenomenon,
adequate interpretation of these views is difficult.

4.2 Signs and Angles

The classic signs described on PA and lateral radio-
graphs of the wrist are the dorsal intercalated seg-
mental instability (DISI) and volar intercalated
segmental instability (VISI) pattern (Gilula et al.
2002). It must be remembered that these are not
diagnoses as such; they are merely signs reflecting
underlying pathology although they are also seen in
healthy individuals (then sometimes referred to as
DISI or VISI configuration (Metz et al 1997)).

A DISI deformity is characterized by dorsal tilting of
the lunate compared to the scaphoid. This will result in
an increased scapho-lunate (SL) angle, generally above
60–80 degrees (there is some variation in the normal
values given in the literature). A DISI pattern is
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classically described in patients with lesions of the SL
ligament (Fig. 2) while a VISI pattern is classically
described in patients with lesions of the LT ligament
however this is actually infrequently seen in LT liga-
ment lesions. A VISI stance is much more frequently
encountered in midcarpal instability or a general lax
wrist. However, it is important to realize that both are
also seen in patients with intact SL and LT ligaments
who have other injured ligaments (Dobyns 1998).
A VISI deformity is identified when there is volar tilt-
ing of the lunate compared to the scaphoid resulting in a
decreased scapho-lunate angle. Generally, this is
described as below 30 degrees although again numbers
vary in the literature. For details of methods of
measuring these angles see ‘‘Radiography and
Arthrography’’ in the chapter by Davies, this volume.

4.3 Type I Instabilities

Lesions of the scapholunate ligament are the most
common lesions encountered in daily clinical practice.
They usually present after a fall on an outstretched
hand. Initial radiographs are frequently normal.
Although the natural course of an undetected SL liga-
ment injury is unknown, the DISI pattern will usually
take some time to develop. Initially carpal stabilization
is maintained, predominantly by other intrinsic

ligaments (for example the STT ligaments. Extrinsic
ligaments play no role in maintaining carpal stability in
a neutral position, but come under tension in extreme
flexion, extension and deviation. It is in the later stages,
when other ligaments begin to fail that the DISI
deformity starts to develop (Theumann et al. 2006).
Other classic signs of a lesion of the SL ligament are
widening of the SL distance (traditionally called
‘‘Terry Thomas’’ sign) (Fig. 3). An increase in distance
between the scaphoid and lunate bone on a PA wrist
radiograph of more than 2 mm can be regarded as
suspicious for injury to the ligament, while a gap of
greater than 4 mm is considered abnormal. Because of
intra-observer differences in measurements it is helpful
to recognize that the distance between the individual
carpal bones is approximately equal given the cartilage
thickness over the carpal bones shows little variation.
It may be helpful to image the contralateral wrist as not
infrequently the patient has the same SL configuration
on each side which may be indicative of a preexisting
condition such as congenital laxity of the SL ligament
(Vitello and Gordon 2005). Dissociation of the sca-
phoid and lunate bones as a result of SL ligament
disruption results in the scaphoid tending to move into
volar flexion. When the normal constraints are
removed, the lunotriquetral block has the tendency to
move into dorsiflexion. This will result in the DISI
pattern and consequently increased SL angle. Another
sign on the PA wrist view will be foreshortening of the

Fig. 2 DISI deformity on lateral wrist radiograph. There is an
increase in the scapholunate angle (see ‘‘Radiography and
Arthrography’’) (dotted line) between the axis of the scaphoid
(red line) and the axis of the lunate (blue line)

Fig. 3 Scapholunate dissociation. There is widening of the
scapholunate interval (arrowhead) and the resulting flexion of
the scaphoid results in overlapping of the body and distal pole
of the scaphoid giving the signet-ring sign
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scaphoid leading to overlapping of the distal pole of the
scaphoid and the body of the scaphoid resulting in the
so-called signet-ring sign (Weiss et al. 2007) (Fig. 3).
However, this is also seen in a substantial number of
normal wrists and will also be seen on inadequate PA
views in which there is (even mild) radial deviation
(Pliefke et al. 2008). It has to be noted that the flexed
position of the scaphoid and the extended position of
the lunate is much more easily recognized on the lateral
view. In long-standing, often missed, SL lesions a
Scapho-Lunate-Advanced-Collapse (SLAC) wrist will
develop, although it is unknown how fast this may
occur. Depending on the stage of the disease the
radiograph will show the SL dissociation combined
with osteoarthritis typically at the radioscaphoid and/or
the midcarpal joints (Fig. 4). Radiologists need to
detect and recognize early SL ligament lesions, in
order to prevent this often devastating condition.

If an SL lesion is obvious on a plain radiograph
together with the appropriate clinical picture, the
diagnosis of a static instability is made (Taleisnik
1984). If the patient is clinically suspected of an SL
instability pattern with a normal radiograph then addi-
tional imaging has to be performed to rule out a
dynamic instability pattern. Several imaging modalities
can be used for this purpose although in the authors’
opinion cineradiogradiophy is extremely valuable (see
Other Imaging Modalities/Cineradiography).

Lesions of the Luno-Triquetral (LT) ligament are, in
our opinion, probably under diagnosed, but there is no

data about the incidence or prevalence. The pattern of
instability is the opposite to that seen in a SL lesion.
Since the lunate is separated from the triquetrum but
still firmly attached to the scaphoid, it will follow the
scaphoid into volar flexion while the triquetrum will
dorsiflex which can result in a VISI deformity. The
distance between the lunate and triquetrum may be
increased.

4.4 Type II Instabilities

Type II instability is instability occurring between car-
pal rows and/or the distal radius/ulna, at the level of the
radiocarpal or midcarpal joint. It is often found in
patients with increased laxity of the ligaments resulting
in hypermobility. In these patients, there is no history of
trauma present and the patient is completely asymp-
tomatic. Nevertheless, extrinsic ligament injury can lead
to painful instability. There is an ongoing confusing
debate about the terminology, etiology, classification,
treatment, and imaging of these conditions in the liter-
ature. The most common distinction is between palmar
(Lichtman et al. 1993) and dorsal midcarpal instability
(Louis et al 1984). The former is more commonly rec-
ognized as a clinical entity. The radiographic findings
are diverse. All the abnormalities described earlier in SL
or LT dissociations are found, although the VISI pattern
is described as being the most common abnormality
especially in the palmar instability subtype (Toms et al.
2011; Lichtman and Wroten 2006). Again several
additional views are described as being helpful. Garcia-
Elias describes the forced ulnar and radial deviation and
the anterior and posterior drawing views to determine
ligament laxity (Garcia-Elias 2008). The absence of
normal values for these views and the degrees of laxity
in healthy subjects without wrist pain make the use of
these views in general practice debatable.

Although no scapholunate ligament tear is identi-
fied in mid carpal instability, scapholunate widening
may be seen as a sign of general ligament laxity
(Garcia-Elias 2008).

4.5 Other Imaging Modalities

4.5.1 MR Imaging and CT
The aim with cross-sectional imaging modalities is to
identify the nature and extent of ligamentous

Fig. 4 Scapoholunate advanced collapse (SLAC). Long-stand-
ing scapholunate dissociation has resulted in osteoarthritis with
joint space loss and sclerosis at the midcarpal and radiosca-
phoid joints
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disruption and to identify any associated abnormality
such as articular cartilage damage. As discussed
above, the conventional radiographic signs only
develop later after injury and direct visualization of
the ligaments is required to diagnose their disruption.
If primary ligament repair is planned this has to be
undertaken early or there is a high risk of nonhealing
(Garcia-Elias and Geissler 2005; Lindau 2010).

The sensitivity of MRI for SL ligament tear
detection is reported as between 37 and 95 % (John-
stone et al. 1997; Manton et al 2001; Zlatkin et al.
1989). Using non-arthrographic 3T MRI the sensitiv-
ity is better for complete tears than for partial tears and
the sensitivity and specificity for SL lesions is higher
than for LT lesions. Sensitivity is considerably
improved by the use of MR arthrography but this turns
a non-invasive investigation into one with intra-artic-
ular injections in at least 1 or 2 compartments (radi-
ocarpal and midcarpal joints). Sensitivity is reported
as between 62 and 100 % (Braun et al. 2003; Meier
et al 2002; Schmitt et al. 2003). It is not uncommon to
have normal degenerative perforations in the mem-
branous component of the intrinsic ligaments which
means that the passage of contrast on MR arthrogra-
phy between the radiocarpal and midcarpal joints is
not in itself evidence of a symptomatic or significant
ligament injury. Although 3T conventional MRI
shows good sensitivity to intrinsic ligament disruption,

arthrographic contrast still seems to improve sensi-
tivity (Magee 2009). There are no comparative studies
between 1.5 and 3T regarding lesions of the SL and/or
LT ligament (Saupe 2009; Schmid et al. 2005;
Stehling et al 2009). In the authors’ experience 3T
non-arthrographic studies provide adequate demon-
stration of the morphology of the important intrinsic
wrist ligaments (Figs. 5, 6). When this is combined
with functional assessment using videofluoroscopy
MR arthrography is rarely needed.

Coronal and axial imaging provides the best means
of assessing the intrinsic wrist ligaments. Full-thick-
ness ligament disruption is seen as nonvisualization, or
a full-thickness defect in the ligament (Figs. 7, 8).
Partial ligament disruption may be appreciated as a
focal discontinuity in a component of the ligament
(Fig. 9). High signal intensity can be seen in the lig-
ament of fat-saturated images. However, it should be
noted that discontinuities in the membranous portion
of the ligament may not be significant if the volar and
dorsal components of the ligament are intact (Fig. 10).

MRI is the imaging modality of choice for the
evaluation of the extrinsic ligaments of the wrist. The
palmar scapho-capitate and triquetro-hamo-capitate
ligaments, together often called the arcuate ligament
are the most important ones to identify in patients
with palmar midcarpal instability. The visualization
of the arcuate ligament is described in cadavers using

Fig. 5 Coronal 3T images (2mm, dedicated wrist coil) On T1 FS (a), PD (b) and T2 FS (c) the dorsal,functionally most important,
component of the scapho-lunate intrinsic ligament (SLIL) is seen.The separate fibers are well delineated (arrowheads)
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conventional MR imaging as well as with MR
arthrography (Theumann et al. 2003, 2006; Chang
et al. 2007); however clinical descriptions of its use
are rare (Toms et al. 2011; Theumann et al. 2006).

CT on its own is of less value in the diagnosis of
carpal instability. However, combined with an arth-
rographic injection demonstration of the intrinsic
ligaments can be achieved and there is literature
comparing MR imaging and MR arthrography versus

CT arthrography in which the latter is more sensitive
especially for partial injuries to the intrinsic ligaments
(Schmid et al. 2005; Moser et al. 2007). CT can be
useful to assess the later stages of the disease (SLAC
wrist), especially to determine the amount of cartilage

Fig. 6 Coronal 3T images (2mm, dedicated wrist coil) On T1 FS (a), PD (b) and T2 FS (c) thefunctionally most important volar
component of the luno-triquetral intrinsic ligament (LTIL)is seen and separate fibers are well delineated (arrowheads)

Fig. 7 Full-thickness tear of scapholunate ligament. a Coronal
T1 fat suppressed image from MR arthrogram. Only the radial
carpal joint was injected with gadolinium, but contrast passes
freely through the scapholunate interval into the midcarpal joint
as a result of a scapholunate ligament tear (arrowhead). Note
also contrast is seen in the distal radioulnar joint as a result of a
triangular fibrocartilage complex tear. This coronal section only
shows the tear in the membranous portion of the ligament.
b Axial T1 image from MR arthrogram. The proximal scaphoid
(S) and lunate (L) are demonstrated with complete disruption of
the volar and dorsal components of the scapholunate ligament
arrowheads. R = radial styloid. Figure supplied by Dr AJ
Grainger, Leeds, UK

Fig. 8 Tear of lunate-triquetral ligament. Coronal T1 fat
suppressed MR arthrographic image. There is diastasis of the
lunate-triquetral joint with disruption of the lunate-triquetral
ligament (arrow)
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damage. In the preoperative planning of salvage
procedures, such as proximal row carpectomy or four
corner fusion, Lunate-Capitate-Triquetrum-Hamate
(LCTH) arthrodesis, CT scanning provides essential
additional information for the hand surgeon.

4.5.2 Cineradiography
The drawback of cross-sectional imaging (as with
radiographs) is the static nature of these modalities.
Since instability is essentially a dynamic problem,

dynamic imaging modalities such as cineradiography
and fluoroscopy are particularly suited for its inves-
tigation (Protas and Jackson 1980). Both wrists can
easily be examined, at relatively little cost and in a
minimum amount of time compared to an MRI study.
Examining both wrists offers the advantage that the
examiner has a good idea of the movement pattern of
the non-injured wrist and this can be compared with
the injured wrist. The images obtained can be easily
stored in PACS for reviewing and for demonstration

Fig. 9 Incomplete tear of scapholunate ligament. a Coronal T1
fat suppressed MR arthrographic image through the volar
aspect of the scapholunate joint shows disruption of the
scapholunate ligament. b An adjacent coronal section from
the same series showing the scapholunate ligament is intact
more dorsally. c Axial T1MR arthrographic image through the

proximal scapholunate joint (S = Scaphoid, L = Lunate) con-
firms the volar scapholunate ligament disruption with an intact
dorsal component (arrowhead). Note A and B also show a full-
thickness perforation of the triangular fibrocartilage with
passage of contrast into the distal radioulnar joint. Figure
supplied by Dr AJ Grainger, Leeds, UK

Fig. 10 Perforation of membranous component of scapholu-
nate ligament. a Coronal T1 fat suppressed MR arthrographic
image through the scapholunate joint shows a perforation in the
ligament with contrast communicating through the ligament
into the midcarpal joint (arrow). b Axial T1 MR arthrographic

image through the proximal scapholunate joint shows the
important fibrous components of the ligament on the volar
(arrow) and dorsal (arrowhead) aspects of the joint are intact.
S = Scaphoid, L = Lunate
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to the clinician. A standardized protocol has to be
performed which should be developed after discus-
sion with the hand surgeon. Different stress tests can
be performed, although the Watson test (clinical test
for scapho-lunate instability) is difficult to perform
due to technical reasons (lead gloves worn by the
examiner). In order to perform a fluoroscopic exam-
ination one has to understand the normal kinematic
movements of the wrist. Normal kinematics are
extensively described in several (experimental)
studies (Arimitsu et al. 2008; Kaufmann et al. 2006).
A routine assessment of the non-injured wrist also
helps understanding these normal kinematic patterns.

It is important to position the patient well during
fluoroscopy (Fig. 11). The arm rests with the elbow
on the fluoroscopy table to eliminate as much muscle
action of the upper and lower arm on the hand
(Fig. 12). Our protocol consists of: PA and lateral
view with radial and ulnar deviation (Fig. 13), lateral
view with palmar and dorsal flexion (Fig. 14),
lateral view with anterior and posterior drawer test
(Fig. 15), and finally the Lichtman test (Fig. 16).

There are surprisingly few studies that deal with
the diagnostic accuracy of cineradiography for SL
lesions. A study by Pliefke et al. (2008) mentioned a
sensitivity of 86 % with a specificity of 95 %. A study
by Kwon and Baek 2008, using a cutoff point of a
2 mm scapho-lunate gap at fluoroscopy, mentioned a

maximum sensitivity of 95 % (Kwon and Baek 2008).
In an unpublished study by the authors a sensitivity of
95 % was found. In the authors opinion the most
appropriate imaging modality after plain films in
cases of SL instability should be a fluoroscopic
examination of the wrist because of the aforemen-
tioned advantages.

In midcarpal instability the Lichtman test is, in our
opinion the most important stress test to perform, both
clinically as well as using cineradiography (Lichtman
et al. 1981, 1993). In this test the thumb of the
investigator is placed over the distal carpal row. With

Fig. 11 Undertaking a
cineradiographic examination
of the wrist. The patient is
seated at the end of the
fluoroscopy table at the left
side of the examiner. Both
wear lead protection. The
examiner wears protective
lead gloves. The monitors are
right in front of the examiner
to evaluate the movement
patterns in close detail

Fig. 12 Arm positioning. The elbow of the patient rests on the
fluoroscopy table to eliminate forces exerted on the hand
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palmar translation of the carpus the proximal carpal
row will move in flexion and with axial loading the
wrist is moved from radial to ulnar deviation
(Fig. 16). In midcarpal instability the proximal row
will initially fail to translocate radially and extend but
will then suddenly snap into position, the so-called
‘‘catch-up clunk’’. If this is painful the test is called
positive and is considered a diagnostic indicator of a
symptomatic midcarpal instability. The anterior and
posterior drawer tests as described by Garcia-Elias
(2008) are also important. The anterior drawing test is
aimed at demonstrating laxity of the palmar ligaments
especially the scaphotrapezial ligament; the posterior
drawer test, in which the hand is translated dorsally
compared to the wrist stresses the dorsal ligaments,
especially the dorsal scaphotriquetral ligament. It is
this test which is felt to be the most important test to
demonstrate dorsal midcarpal instability.

5 Understanding of Wrist
Biomechanics by 4D Imaging

As discussed above, analysis of motion patterns of the
carpal bones is often useful in diagnosis of instability
patterns. Analysis of the complete motion trajectory
of the carpal bones has been shown to be particular
beneficial when no diagnostic signs are found
in radiographs and stress views at maximal radial
or ulnar deviation also show no abnormalities (Pro-
tas and Jackson 1980; Braunstein et al. 1985; Ober-
mann 1996; Schmitt et al. 2006).

For the past 30 years cineradiography has been the
instrument to image these instability patterns. New
developments in detecting motion patterns of carpal
bones are devoted to 4D imaging of carpal kinematics.
Four-dimensional imaging provides for visualization

Fig. 13 The movements of the hand during the beginning of the examination. a PA view with radial deviation; b PA view with
ulnar deviation; c lateral view with radial deviation; d lateral view with ulnar deviation
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and quantification of motion patterns of each indi-
vidual carpal bone in 3D space (Carelsen et al. 2009;
Crisco et al. 1999; Snel et al. 2000). Four-dimensional
imaging methods are divided into quasi dynamic CT-
imaging of the wrist using multiple static poses of the
hand (Crisco et al. 1999; Snel et al. 2000) and also true
dynamic 4D imaging of carpal bones during move-
ment of the hand (Carelsen et al. 2009). These meth-
ods have advantage that they are potentially easier to
interpret than cineradiography that uses 2D projec-
tions of the bone anatomy for each time frame. In 4D
imaging the full 3D geometry of each carpal bone is
available in each time frame. This also allows quan-
titative analysis of motion patterns in terms of trans-
lations and rotations of each individual bone as a
function of time.

Currently, 4D imaging of the wrist joint is pri-
marily used for basic research on joint biomechanics
(Foumani et al. 2010a, b; Moojen et al. 2002, 2003;
Moore et al. 2007; Streekstra et al. 2010) but has the

potential to be used for clinical evaluation true 3D
carpal instability patterns. An example of this poten-
tial is the detection of 3D motion pattern in a patient
with SL dissociation. The motion pattern demon-
strated reveals that widening of the bone gap between
the scaphoid and lunate is not observed at maximal
radial or ulnar deviation but at an intermediate of the

Fig. 14 Additional movements. a Lateral view with palmar
flexion; b lateral view with dorsal flexion (extension)

Fig. 15 Additional movements-drawer test. a Anterior drawer
test is performed by applying pressure at the dorsal side of the
hand. b The hand is then brought back into neutral. c The
posterior drawer test is performed by applying pressure on the
palmar side of the hand
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hand during the range of motion (Fig. 9). This is in
agreement with qualitative cineradiographic obser-
vations of carpal motion through radial-ulnar devia-
tion (Snel et al. 2000). The added value of 4D
imaging is the quantitative nature of the observation
in terms of translations and rotations of carpal bones
that may help to develop more objective parameters
to diagnose instability patterns of joints (Fig. 17).

Another example of the possible usefulness of the
4D approach in diagnosing wrist problems is the
detection of joint space width as a representation of
cartilage thickness over the entire joint surface area as
a function of hand position (Fig. 18). In patients with
SL-dissociation the joint space seems to be reduced

over the entire joint surface compared to healthy
volunteers (Foumani et al. 2010a, b).

6 Treatment and Clinical Perspective

One of the key purposes of non-invasive diagnostics
is the triage between a conservative or invasive
(arthroscopy or arthrotomy) therapeutic approach. In
our setting cineradiography aids in tailoring the
appropriate treatment for the specific patient with
chronic undiagnosed wrist pain (CUWP), making
the choice between surgical and physical therapy
easier.

Fig. 16 The Lichtman or midcarpal shift test. a Initially the hand is in neutral position. b Dorsal pressure is applied. c–e Axial
loading is then given and the hand is moved from radial to ulnar deviation
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Fig. 17 Three time frames of a 4D image sequence of moving wrist bones in a patient with SL-dissociation. The image sequence
shows widening and narrowing of the gap between the scaphoid and lunate (SL-distance) as a function of the hand position

Fig. 18 Dynamic distance maps showing reduced minimal
distance between adjacent joint surfaces in a follow up acqui-
sition of patients and healthy volunteers. a Healthy Volunteers.
b Patients with scapholunate dissociation

Fundamental research has shown that chronic wrist
pain, without any morphological anatomical substrate
detected by state-of-the-art diagnostic tools, could be
controlled by non-surgical therapeutic strategies, such
as adaptations in motor control (Smeulders et al.
2001). In a comparative study, Smeulders et al. 2001
found a significant difference in fluency of motion
between patients and controls. They concluded that
disturbance of fine motor control in CUWP may be a
contributing factor to chronic wrist pain. A second
case control study in patients with CUWP compared
to healthy volunteers described a significant differ-
ence in fluency of movement between the two groups
(Smeulders et al. 2002). This difference was strikingly
found in the unaffected wrist, in which the authors
hypothesized that chronic wrist pain is maintained by
persistent abnormal cerebral motor function.

Since instability of the wrist is a possible cause for
unilateral wrist pain, undiagnosed with standard
radiography, MRI or CT, the cause of this may also be
due to persistent abnormal motor function. This has
led to the development of a specialized training
regime for this CUWP patient group (Videler et al.
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1998). This exercise program tackles unstable wrists
combining central cerebral focused motor re-educa-
tion and muscle strengthen coordination. The use of
cine radiography as a triage modality may be a ben-
eficial, cost-effective manner of managing patients
with pain in the chronic unstable wrist. In excluding
other causes of wrist pain, and a positive finding of
midcarpal instability, cineradiography can play a
pivotal role.
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Abstract

Compressive neuropathies (CN) occur when
peripheral nerves (PN) are exposed to long-stand-
ing excessive pressure (Bard and Lioté 2007;
Blancher and Kubis 2007; Graif et al. 1991;
Hobson-Webb et al. 2008; Silvestri et al. 1995;
Stewart 1993). The chronic compression is respon-
sible for local internal changes in the nerve leading
to impaired nerve function and clinical findings
reflecting on the nerve affected as well as the
duration of compression.

1 Introduction

Compressive neuropathies (CN) occur when periph-
eral nerves (PN) are exposed to long-standing
excessive pressure (Bard and Lioté 2007; Blancher
and Kubis 2007; Graif et al. 1991; Hobson-Webb
et al. 2008; Silvestri et al. 1995; Stewart 1993). The
chronic compression is responsible for local internal
changes in the nerve leading to impaired nerve
function and clinical findings reflecting on the nerve
affected as well as the duration of compression.

The recent increasing interest on CN of the wrist
can be explained by their growing frequency, often
related to sport or occupational activities, financial
consequences due to work absence and increased
diagnostic possibilities related to new development in
imaging techniques (Aagaard et al. 1998; Beekman
and Visser 2004; Spratt et al. 2002). CN are quite
common in the routine outpatient practice and can
mimic, especially in the early stages, other musculo-
skeletal disorders. A carefully taken patient history
and a well-performed accurate clinical examination
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are the mainstays of a correct diagnosis (El Miedany
et al. 2008). Nevertheless, instrumental examinations
allow the confirmation of the clinical findings, iden-
tification of the level and degree of nerve compression
and in most cases permit the assessment of the cause
of the compression. There are two main types of
clinical examinations obtained in PN assessment:
electrodiagnostic and imaging studies. The first excel
in the exquisite assessment of nerve function while
imaging modalities such as magnetic resonance
imaging (MRI) and ultrasound (US) permits a superb
evaluation of the morphology of the affected nerves
and of most compressive causes (Beekman and Visser
2002; Graif et al. 1991; Martinoli et al. 1996, 2000a,
b; 2005; 2008; Padua et al. 2008; Valle and Zamorani
2007). MRI allows an optimal tissue contrast and an
accurate assessment of all anatomic structures sur-
rounding the nerves. Because of its multiplanar
capability and large field of view, it is the most used
imaging technique in local neoplastic disorders.
Nevertheless, accurate assessment of thin nerves of
the distal arm requires high field equipments and
collaborative patients to avoid arm movements even
in uncomfortable positions. Patients’ claustrophobia
limits the possibility of MRI. Presence of a cardiac
pacemaker is well-known absolute contraindications
to the examination. The advances in US technology
have lead to an improvement in the assessment of the
musculoskeletal system (Bianchi and Martinoli 2007;
van Holsbeeck and Introcaso 2001). Nowadays, US is
considered an optimal imaging technique to evaluate
the normal anatomy and disorders of PN (Fornage
1988; Peer and Bodner 2008). Examination of the
hand and wrist nerves is accurately performed by
using high-frequency transducers with exquisite
superficial focusing capability and very high defini-
tion (Bianchi et al. 1999, 2001). Advantages of US
include the ability to assess long segments of nerve
quickly and perform dynamic examinations. US is
inexpensive, well tolerated by patients, has no con-
traindications and is currently considered by several
authors to be the primary technique for imaging PN
pathology.

Because of the high ability of US in assessing PN
of the hand and wrist as well as of it low cost, we will
focus this chapter on US. First, a review of the normal
anatomy of the PN and of the basic pathologic
physiology of CN is presented and then follows a
description of the normal anatomy of the carpal and

Guyon’s tunnels, together with a description of the
technique of US examination and US anatomy.
Finally, we will present the US appearance of the
main conditions causing wrist CN.

2 Normal Anatomy and US Anatomy
of PN

Nerve axons, invested by a thin layer of connective
tissue (endoneurium), packed together compose the
nerve fascicles that are surrounded by the perineu-
rium. The size and number of fascicles that form a
nerve depend on the individual nerve, distance from
site of origin and amount of pressure the nerve is
subjected to. Fascicles are separated by connective
tissue (interfascicular epineurium) housing vessels.
The nerve trunk is finally surrounded by the superfi-
cial epineurium, a thick sheath containing loose
connective with elastic fibers and vessels (Kaymak
et al. 2008).

High-resolution US can accurately assess the echo
texture of normal PN both in vitro and in vivo
(Martinoli et al. 2000a, b; Silvestri et al. 1995)
(Fig. 1). Longitudinal sonograms image them as
composed of multiple hypoechoic parallel but dis-
continuous linear areas separated by hyperechoic
bands. On transverse scans, the hypoechoic areas
correspond to oval or rounded images, encircled by a
hyperechoic background. Histological correlation
demonstrated that the hypoechoic bands correspond
to the fascicles that run longitudinally within the body
of the nerve, while the hyperechoic background
reflects the interfascicular epineurium. The overall
number of fascicles detected by US is smaller than
their actual number and their number diminishes with
the frequency of the US transducers utilized (Silvestri
et al. 1995).

3 Pathological Physiology of CN

PN are elastic structures that can adapt and deform
secondary to external forces. They run in the
extremities surrounded by fat and connective tissue
that lessen frictions against adjacent rigid anatomic
structures. When crossing joints, PN are usually
contained in osteofibrous tunnels that prevent their
dislocation during articular movements. A variety of
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pathomechanism can be involved in the development
of CN. The most common mechanism is a direct
extrinsic compression of nerves in anatomic locations
in which they are retained in a relatively fixed posi-
tion and cannot displace on the action of the com-
pressive cause. A typical example is that of a nerve
running inside an inextensible osteofibrous tunnel
subject to extrinsic compression by a mass. Another
mechanism is hypermobility of nerve. In these cases,
the nerves are too mobile and are subject to com-
pression or stretching against bony protuberance or
fibrous ligaments during displacements.

In EN, nerve changes and clinical symptoms are
dependent both on the degree of compression and on
its duration. Low pressure applied for short time is
relatively well tolerated, and complete recovery can
be expected after withdrawal of external compression.
On the other side, high pressure for long periods of
time can severely alter the morphology and function
of nerves and eventually can result in its irreversible
damage. Long-standing external compression on a PN
results in internal structural changes. First, impaired
vein flow leads to increased intraneural interstitial
pressure that results in reversible intraneural edema,
mainly found at the level of connective tissue. In
more prolonged compressions, ischemia due to dam-
age of the vasa nervorum, the small vessels that are
responsible for the vascularization of the nerve trunk,
leads to irreversible internal fibrosis. This results
lastly in myelin sheath and axonal degeneration. Such

morphological changes alter nerve conduction with
subsequent sensitive or motor impairment depending
on the type of nerve affected.

Wrist CN are mainly observed as a consequence of
nerve compression inside inextensible fibroosseous
tunnels. The most frequent is the carpal tunnel syn-
drome (CTS), which follows the entrapment of the
median nerve (MN) inside the carpal tunnel (CT)
(Ashraf et al. 2009; Bianchi et al. 2007; Boutte et al.
2009; Buchberger et al. 1991, 1992; Duncan et al.
1999; Pinilla et al. 2008; Sernik et al. 2008).
Entrapment of the ulnar nerve (UN) at the Guyon’s
tunnel (GT) is less frequent (Ashraf et al. 2009;
Bianchi et al. 2004; Patel et al.).

4 Anatomy of the Nerves of the Wrist
and Hand

The main nerves found in the wrist region are the
MN, radial nerve (RN) and UN. The MN descends
inside the anterior compartment of the forearm in a
median position to enter the hand through the CT, a
fibroosseous canal located at the volar aspect of the
wrist (Bianchi et al. 2007). The CT is an inextensible
structure delimited posteriorly by the carpal bones
and anteriorly by the transverse carpal ligament
(TCL). The TCL is a thick fibrous structure that is
continuous with the anterior superficial fascia of the
forearm proximally and blends distally with the

Fig. 1 Normal ultrasound anatomy of a peripheral nerve.
Longitudinal and transverse sonograms. Longitudinal (a) and
transverse (b) sonograms obtained on the median nerve at the
carpal tunnel show the nerve (arrows) as a well-delimited

structure made by multiple anechocoic nerve fascicles (arrow-
heads). The fascicles are surrounded by the hyperechoic
perineurium. In (a), note the different appearance (fibrillar
pattern) of the flexor tendons (FT) compared to the median nerve
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palmar aponeurosis of the hand. From an anatomic
point of view, two layers compose the TCL. The
superficial layer is formed by the distal expansion of
the palmaris gracilis tendon that prolongs into the
palmar aponeurosis. The deep layer is made by thick
transverse fibers forming a rectangular ligament of
nearly 3–4 cm of craniocaudal size. The radial aspect
of the TCL inserts into the tuberosity of the scaphoid
and into the tubercle of the trapezium, while the ulnar
attachments are into the pisiform and the hook of the
hamate. A vertical septum origins from the inferior
radial aspect of the TCL and delimitates a small lat-
eral fibrous tunnel that houses the flexor carpi radialis
tendon. The CT is larger proximally at the level of the
pisiform and smaller distally at the level of the hook
of the hamate. The TCL is thicker and more rigid
distally. The CT contains nine tendons, four tendons
of the flexor digitorum superficialis and four tendons
of the flexor digitorum profundus for the 2nd–5th
fingers and the tendon of the flexor pollicis longus. To
facilitate tendons gliding inside the tunnel during
flexion and extension of the fingers, synovial sheaths,
formed by a visceral and a parietal layer, surround
them. The visceral layer attaches firmly to the ten-
dons, while the parietal layer adheres to the periten-
dineous structures. A small amount of synovial fluid
retained between the two layers allows their gliding
during tendon movements and their smooth gliding.
Although a great variability exists in the arrangement
of synovial tendon sheaths, they are usually two in
number. The lateral surrounds the flexor pollicis
longus tendon, while the larger medial one envelops
the remaining tendons. Several anatomic variant of
the CT can be encountered and can predispose to
CTS. A variety of anomalous muscles can be found
inside the CT (Touborg-Jensen 1970). They are
mainly the result of cranial extension of lubricates
muscles or distal extension of a flexor digitorum
anomalous bellies. Other variants are less common.

At approximately 5 cm from the proximal wrist
crease, the MN leaves the palmar cutaneous branch
that supplies the proximal portion of the palm of the
hand (Taleisnik 1973). The branch initially runs close
to the main nerve trunk. Then, it leaves it to direct
laterally and run between the palmaris and flexor
carpi radialis tendon. The small sensitive branch then
reaches the hand region either running superficially to
the TCL or between its two layers. Knowledge of the
anatomy and course of the superficial branch is

important since it can be inadvertently injured during
TCL section in CT release.

After having released the sensitive branch, the MN
enters the tunnel along with the flexor tendons. Inside
the CT, it lies just inferior to the TCL, superficial and
parallel to the flexor tendons of the index and middle
fingers and medial to the flexor pollicis longus tendon.
The second branch of the nerve at this level is a thenar
motor branch. The branch can detach from the trunk
either proximal, inside or distal by rapport to the CT.
The different types must be recognized by the surgeon
to avoid their inadvertent surgical section. It supplies
the thenar muscles. More distally, the MN splits into
several sensory branches to the first, second and third
digits and the radial half of the fourth digit. Some
anatomic variations in the MN must be known since
they can facilitate CTS. The most frequent is the so-
called bifid MN (Iannicelli et al. 2000, 2001; Propeck
et al. 2000). It is due to proximal division of the nerve
into two separate nerves that run close one to the other
inside the CT. A bifid NM can be seldom associated
with persistence of the median artery, another com-
mon anatomic variant (Gassner et al. 2002; Kele et al.
2002). In these cases, the artery lies in between the two
nerves and runs with them inside the CT. Thrombosis
of this anomalous artery can be associated with CTS
either because of its enlargement or because of sec-
ondary ischemia of the vasa nervorum (Kele et al.
2002). These variations can be easily detected by US.
The bifid median nerve appears as a split of the nerve
in two trunks that usually have a different size. The
nerve can be separated by a variable distance, and
usually, they are more easily detected at the level of
the pronator quadratus on transverse sonograms.
When they run inside the CT, they run closer and are
more difficult to be distinguished. The persistent
median artery can be easily followed by US since it
originates from the ulnar artery at the level of the
proximal forearm to descend close to the MN along
the anterior aspect of the forearm. Since the artery has
approximately the same diameter of the MN fascicles,
an accurate technique of examination must be
deployed to detect it. In case of doubt, gentle pressure
with the transducer results in augmentation of its
pulsatility. Color Doppler can be also used to assess
the internal blood flow.

The small GT is located palmar and medial to
the CT. It is formed by the palmar carpal ligament,
which forms the roof, and by the TCL, the pisiform
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and the hook of the hamate that constitute the
remaining walls. The tunnel houses the UN, and the
ulnar artery and veins surrounded by loose con-
nective tissue and fat. As for the CT, accessory
muscles can be found running inside the GT (Patel
et al.). The most common is the accessory abductor
digiti minimi. This muscle takes origin from the
antebrachial fascia of palmaris longus tendon at the
distal aspect of the forearm. It then directs distally
to enter the Guyon’s tunnel. Inside the tunnel, it is
mostly found running superficially to the UN and
UA. Nevertheless, some muscles run in between the
two. It then enters the palm of the hand to insert
into the base of the proximal phalanx of the small
fingers together with the abductor digiti minimi
muscles.

5 Technique of US Examination
and Normal US Anatomy

US can easily detect the MN and UN at the level of
the distal forearm (Aleman et al. 2008; Bianchi et al.
2004, 2007; Jamadar et al. 2001). As for every ana-
tomic district, knowledge of the normal anatomy and
of the peculiar nerve echo texture is a definite pre-
requisite for the detection of PN and differentiation
from other surrounding structures such as tendons.
The MN can be easily detected since it runs between
the tendons of the flexor digitorum superficialis and
profundus muscles. The UN runs close to the UA that
is readily detected at US because of its pulsatility. The
nerve lies just medial to the artery. Detection of
the smaller nerves such as the superficial branch
of the RN is also possible but necessitates the use of
high-frequency transducers and a good experience in
PN evaluation.

US accurately depicts both tunnels and their
contents (Bianchi and Martinoli 2007; Buchberger
et al. 1991, 1992; Peer and Bodner 2008; van
Holsbeeck and Introcaso 2001) (Fig. 2). The CT is
visualized by transverse and sagittal sonograms.
Transverse images are obtained first since they are
more panoramic. If obtained with adequate trans-
ducers, i.e., larger then 4–5 cm, transverse sono-
grams allow the simultaneous visualization of all
intracanal structures. They are obtained first proxi-
mal to the CT, at the level of the pronator quadratus
muscle, to localize the different anatomic structures

before they enter the canal. Moreover, it is impor-
tant to explore the cranial portion of the MN since
in CTS the MN is larger at this level. More distally,
identification of different bone landmarks of the CT
is essential in order to perform a correct US
examination. At the proximal tunnel, the landmarks
are the rounded appearances of the pisiform medi-
ally and of the scaphoid laterally. Both bones are
covered by a flexor tendon: the flexor carpi radialis
lies on the scaphoid, while the flexor carpi ulnaris
inserts into the pisiform and, by its more superficial
fibers, continues distally as the pisohamate liga-
ment. The TCL appears as a curved linear hyper-
echoic band connecting the lower face of the
pisiform to the scaphoid. Beneath the ligament are
imaged the flexor tendons and the MN. Since these
run obliquely, the transducer must be tilted toward
cranial to correctly depict them and avoid anisot-
ropy. Each tendon can be localized by its anatomic
position and behavior at dynamic scan during the

Fig. 2 In vivo normal ultrasound appearance of the carpal
tunnel. Transverse images obtained from cranial (a) to distal
(b). At the level of the proximal CT (a), the median nerve
(arrow) lies inside the tunnel in a superficial location, between
the transverse carpal ligament (arrowheads) and the flexor
tendons (FT). Sc scaphoid; Pis pisiform. The Guyon’s tunnel
(void arrow) houses the ulnar artery and nerve. At the distal
tunnel (b), the transverse carpal ligament appears rectilinear
and the median nerve more flattened. TZ trapezium; H hamate
hook
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movement of the fingers (Chen et al. 1997). No
muscles can be found in normal condition inside the
CT. In cases of accessory muscles, realization of
dynamic examination during flexion and extension
of the fingers is mandatory to detect them (Fig. 3).
The MN appears as an oval hyperechoic structure
containing several rounded hypoechoic fascicles. It
lies just deep to the TCL. Bone landmarks of the
distal tunnel are the pointed hook of the hamate
medially and the flat volar surface of the trapezium
laterally. Compared to the proximal tunnel, the
distal tunnel is smaller. As a consequence, the
flexor tendons appear crowded and hardly distin-
guishable and the MN more flattened. The distal
TCL is ticker and more rectilinear. Sagittal images
are then obtained over the flexor tendons and the
MN that presents the characteristic fascicular
internal appearance (Bianchi et al. 2007; Bianchi
and Martinoli 2007). The occurrence of a bifid MN,
found in as many as 2.8% of normal subjects,
appears at US as a splitting of the nerve at the
proximal level (Fig. 4). In the distal canal, the two
nerves are found closer and are difficult to distin-
guish. Bifid MN can be also involved in CTS

(Bayrak et al. 2008). The occurrence of an acces-
sory median artery located close to a normal or
bifid MN inside the CT is a well-known anatomic
variation (Fig. 4). Its internal flow is readily
assessed by color Doppler imaging. US findings of
the anomalous artery correlate well with MRI
appearance (Fig. 5).

As for the carpal tunnel, transverse images of the
Guyon’s tunnel are obtained at a proximal and distal
level (Fig. 6) (Bianchi et al. 1999, 2004). Proximal
sonograms, acquired at the pisiform level, show the
thin palmar carpal ligament overlying the pulsatile
UA. Once detected the artery, inclination of the
transducer helps in depicting the UN that is located
between it and the medial aspect of the pisiform.
Distal sonograms show the superficial branches of
the UA and UN overlying the tip of the hook
of the hamate. Tilting the transducer in a way to study
the medial aspect of the hypothenar muscles
allows the visualization of the medial aspect of the
hamate bone and detection of the deep ulnar artery
branch and of the deep (motor) branch of the UN
surrounded by the hypothenar muscles. Longitudinal
sonograms of the branches of the UN are technically

Fig. 3 Carpal tunnel. Anatomic variations: anomalous muscle.
Longitudinal and transverse sonograms obtained with fingers in
extension (a, b) and flexion (c, d). Images obtained in extension
show a low-lying accessory bundle (arrows) of the flexor

digitorum superficialis muscle. Transverse image shows the
displacement of the median nerve (arrowhead) by the muscle.
Note how the accessory muscle moves cranially to the carpal
tunnel in fingers’ flexion and is no more evident
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more difficult to be obtained and are of limited help in
the assessment of the GT.

Although injections of steroid inside the carpal
tunnel are realized by clinical guidance in the vast
majority of patients, US can seldom be used to avoid
inadvertent MN injury (Smith et al. 2008).

6 CTS

Several articles have demonstrated a good correlation
between US data and electrophysiologic measure-
ments in CTS (Kaymak et al. 2008; Kwon et al. 2008;
Mondelli et al. 2008). US findings have been exten-
sively described (Bard and Lioté 2007; Bianchi et al.
2007; Buchberger et al. 1992; Hobson-Webb et al.
2008; Klauser et al. 2009; Padua et al. 2008). They
can be arbitrary divided into alterations in MN and
CT appearance and findings related to the compres-
sive causes.

6.1 Changes in MN Appearance

In long-standing compression inside the CT, the MN
shows the alteration in its size as well as morphologic
changes. Regardless of the cause of local compres-
sion, the nerve presents typically a swollen appear-
ance at the proximal tunnel and decrease in the size in
the distal tunnel (Fig. 7). To objective these mor-
phologic changes, two measures have been proposed.
The first is the nerve cross-sectional area that is
obtained at the proximal level. Two techniques of
measurements have been proposed: the ellipse for-
mula and direct tracing of the axial surface of the
nerve that has been shown to be more accurate. A
surface greater than 0.10 cm2 has been reported to be
a valuable criterion for the diagnosis. Different
authors have defined different values with threshold
suggested for MN abnormality between 9 and
14 mm2. Klauser reported better results by comparing

Fig. 4 Carpal tunnel. Anatomic variations: bifid median nerve
with persistent median artery. Transverse (a) and transverse
color Doppler (b) sonograms. Images show a median nerve
made by two separate trunk of different size (white arrow-
heads). A persistent median artery runs between the two nerves
(black arrowheads). The artery shows normal internal flow
signal at color Doppler

Fig. 5 Carpal tunnel. Anatomic variations: MRI appearance of
persistent median artery. Transverse PD fat sat (a) and PD
(b) MR images show the anomalous artery (black arrowheads)
located close to the normal MN (white arrowheads)
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cross-sectional area measurements of the MN
obtained at the level of the carpal tunnel with those
obtained at the level of the pronator quadratus muscle
(Klauser et al. 2009). The authors found that the
difference between the two measurements (Delta
CSA) allowed more specific and sensitive results. Use
of a Delta CSA threshold of 2 mm2 yielded the
greatest sensitivity (99%) and specificity (100%) for
the diagnosis of CTS (Klauser et al. 2009). The sec-
ond measure is the so-called fattening ratio that is
obtained at the distal level and is calculated by
dividing the latero-lateral diameter of the nerve for its
thickness. A value greater of 4 is associated with
CTS.

High-resolution transducers can also show intra-
neural changes, i.e., reduced echogenicity and a dis-
organized internal fascicular pattern due to edema and

fibrosis. Color Doppler techniques can show increased
flow signals in the perineural plexus and among the
nerve fascicles due to acute neuritis (Fig. 8).

6.2 Changes in CT Appearance

In the wide majority of patients, because of the
increased intracanal pressure, the TCL presents a
more pronounced convex appearance. This sign, the
so-called bulging of TCL, is found either at proximal
or at distal tunnel (Buchberger et al. 1991, 1992).
Objective assessment of bulging has been reported at
the distal tunnel and can be obtained by measuring the
distance from the most superficial point of the TCL to
a line connecting the tips of the hook of the hamate
and the tubercle of the trapezium. A distance equal or
greater then 4 mm is considered abnormal and

Fig. 6 In vivo normal ultrasound appearance of the Guyon’s
tunnel. Transverse images obtained from cranial (a) to distal
(b). At the proximal level (a), the ulnar nerve (white
arrowhead) lies inside the tunnel between the ulnar artery
(black arrowhead) and the pisiform (Pis). At the distal tunnel
(b), note the deep branch of the UN (small white arrowhead)
located close to the hook of the hamate (H) and surrounded by
muscles (M). The superficial branch of the UA runs in a more
superficial location (small black arrowhead)

Fig. 7 Carpal tunnel syndrome. Morphologic changes in the
median nerve. Transverse sonograms obtained in a patient with
carpal tunnel syndrome proximal (a) and at the level of the
tunnel (b). In (a), the nerve (white arrowhead) presents a
regular internal aspect with the hypoechoic nerves fascicules
well differentiated from the internal connective tissue. In (b),
the nerve (black arrowhead) is swollen with a surface area
evaluated at 22.8 mm2. It presents a homogenous hypoechoic
appearance due to internal edema or fibrosis
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significantly associated with CTS. Sometimes
increased thickness of the TCL can be noted together
with focal calcifications.

6.3 Demonstration of Compressive
Causes

The vast majority of CTS is due to aspecific teno-
synovitis of the flexor tendons. US demonstrates
tenosynovitis as a hypoechoic halo surrounding the

Fig. 8 Carpal tunnel syndrome. Color Doppler changes in the
median nerve. Longitudinal (a) and transverse (b) sonograms
obtained in a patient with carpal tunnel syndrome. In both

images vascular signals inside the nerve (arrowheads) are
evident due to hyperemia secondary to nerve compression

Fig. 9 Carpal tunnel syndrome. Causes of nerve compression.
Tenosynovitis. a transverse color Doppler sonogram in a
patient with carpal tunnel syndrome due to aspecific tenosyn-
ovitis. Images show the tendons (black arrows) surrounded by
hypoechoic thickened synovium (white arrow). Note displace-
ment of the median nerve (arrowhead). No hypervascular
changes are noted inside the synovium. b serous tenosynovitis
of the flexor tendons revealed by an anechoic effusion (asterisk)
located inside the tendon sheath

Fig. 10 Carpal tunnel syndrome. Causes of nerve compres-
sion. Longitudinal sonograms (a) volar displacement of an
osseous fragment (asterisk) in fracture of the distal epyphisis of
the radius (b) capsular thickening and calcification (asterisk) in
chondrocalcinosis. PQ pronator quadratus muscle; FT flexor
tendons, arrowheads median nerve
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tendons due to fluid effusion and thickening of the
tendon synovial sheaths (Fig. 9). Typically, tenosyn-
ovitis facilitates the visualization and differentiation
of the tendons running within the tunnel because of
the increased contrast between the hypoechoic syno-
vium and the hyperechoic tendons. Color Doppler can
detect hyperemic changes within the inflamed syno-
vium or more rarely inside the tendons. Sometimes a

Fig. 11 Carpal tunnel syndrome. Post-surgical appearance.
Normal findings at transverse sonograms obtained at the
proximal (a) and distal (b) tunnel. Both images show a palmar

displacement of the median nerve because of correct release of
the transverse carpal ligament. FT flexor tendons; Sc scaphoid;
Tr trapezium; HH hook of the hamate; arrowheads median nerve

Fig. 12 Carpal tunnel syndrome. Post-surgical complications.
Thickening of the transverse carpal ligament. Longitudinal
sonogram. Image shows an irregular hypoechoic thickening of
the transverse carpal ligament (black arrowheads) compressing
the median nerve (white arrows). FT flexor tendons

Fig. 13 Carpal tunnel syndrome. Post-surgical complications.
Partial release of the transverse carpal ligament. Longitudinal
sonogram. Image shows the release of the distal transverse
carpal ligament that appears hypoechoic (black arrowhead).
The proximal ligament was not sectioned at surgery and still
compresses the median nerve. Note swelling and hypoechog-
enicity of the proximal to the compression site (white arrow).
FT flexor tendons

Fig. 14 Carpal tunnel syndrome. Post-surgical complications.
Trauma of a bifid median nerve at transverse sonograms.
Images obtained proximal to (a) and inside (b) the tunnel shows
a hypoechoic traumatic neuroma of a trunk of the bifid median
nerve secondary to local trauma during arthroscopy. FT flexor
tendons; arrowheads bifid median nerve
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definite fluid effusion can be detected inside the ten-
dons sheath as a hypoechoic collection located at the
proximal cul-de-sac of the tendon sheath (Fig. 9).
Unfortunately, the US appearance of tenosynovitis is
aspecific, and US does not allow the differentiation
among inflammation secondary to systemic arthrop-
athies such as rheumatoid arthritis or infections and
other possible etiologies.

Focal masses inside the tunnel are easily detected
by US. US can detect accessory muscles as well-
delimited hypoechoic masses that exhibit the same
internal echo texture of normal peripheral muscles
(Fig. 3). Dynamic examination is particularly useful
in their detection since it shows the muscle entering/
leaving the CT during flexion/extension of the fingers.
Transverse images are best suited to show the dis-
placement and compression of the nerve during
movements of the fingers. Ganglia are the most
common masses found inside the CT. They are cystic
lesions with fibrous wall, filled by tick mucinous
fluid, that are depicted by US as polilobulated, hyp-
oanechoic structures with well-defined borders and
internal septa. Older ganglia show thickening of the
peripheral wall and of the internal septa. No internal
flow signals are depicted by color Doppler in
uncomplicated ganglia, while discrete hyperemia can
be detected in recent rupture. Amyloid deposits are
rare causes of CTS and can be seen in long-standing
renal failure. US images them as solid hypoechoic ill-
defined lesions. Knowledge of the underlying sys-
temic disorder is obviously a prerequisite for the US
diagnosis. A hypertrophied callus secondary to a

Fig. 15 Carpal tunnel syndrome. Post-surgical complications.
Section of a branch of the median nerve. Longitudinal
sonogram. Image obtained at the palm of the hand shows
complete interruption of one of the distal branch of the median
nerve (callipers) secondary to local trauma during arthroscopy.
Black arrowheads proximal and distal stump neuroma; white
arrowheads normal nerve portions

Fig. 16 Carpal tunnel syndrome. Post-surgical complications.
Section of the sensitive superficial branch of the median nerve.
Transverse sonograms obtained from proximal to distal (a–d).
a In the more proximal image, the branch is normal (white
arrowhead). Arrow median nerve. b More distally, the branch

is swollen and hypoechoic due to traumatic neuroma (c) at the
level of the section of the transverse carpal ligament, US shows
an irregular area of fibrosis (arrow). The branch is not visible.
d More distally, the branch presents a normal appearance. FCR
flexor carpi radialis tendon
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fracture of the distal radius or palmar displacement of
bone fragments can cause compression of the MN.
They are best evaluated by standard radiographs or
CT. Nevertheless, they can also be assessed by US
(Fig. 10). In chondrocalcinosis, calcified deposits in
the volar capsule of the wrist joint can also result in a
mass effect with secondary displacement of the MN
(Fig. 10). A volar subluxed or dislocated semilunar is
rapidly detected by US inside the CT by its charac-
teristic outline. Neurogenic tumors located inside the
CT are a rare cause of CTS. They appear as hypo-
echoic masses with well-defined borders located close
to the MN. A definite differential diagnosis between
Schwannomas and neurofibromas can be difficult, if
not impossible, at US. Schwannomas are usually
eccentric to the nerve and can show high internal
vascular signals at color Doppler, while in neurofi-
bromas nerve fascicle enter the relatively avascular
tumor. Lipofibromatous is a fibrofatty mass that
densely infiltrates and encases most commonly the
MN. The enlarged nerve can be easily detected by
either US or MRI (Toms et al. 2006).

US is useful in the assessment of post-operative
PN lesions (Peer et al. 2001) and also has a role in
recurrent symptoms or complications (Tagliafico et al.
2008) after CTS release and in the post-surgical fol-
low-up (Smith et al. 2008). In well-performed surgi-
cal release of the TCL, the MN can be seen displaced
anteriorly. Transverse images are best suited to assess
the absence of persistent compression (Fig. 11).
Recurrences are mainly related to thickening of the
TCL due to local fibrosis (Fig. 12) or incomplete
surgical section of the TCL. Incomplete sections of
the proximal portion of the TCL are mostly seen in
patients operated by an endoscopic approach. In these
patients, US usually detects the swollen, interrupted
distal TCL; while in a more proximal location, the
ligament appear continuous (Fig. 13). The most
common complications of endoscopic release are

Fig. 17 Guyon’s tunnel. Anatomic variations: anomalous
muscle. Transverse sonograms obtained on the distal forearm
(a) and at the level of the Guyon’s tunnel (b). Proximal image
(a) shows an accessory abductor digiti minimi muscle (asterisk)
originating from the antebrachial fascia. In (b), the muscle run
within the Guyon’s tunnel. It displaces anteriorly the ulnar
artery (black arrowhead) and nerve (white arrowhead). FCU
flexor carpi ulnaris; Pis pisiform

Fig. 18 Guyon’s tunnel. Anatomic variations: anomalous
muscle. Transverse sonograms obtained at the level of the
Guyon’s tunnel at rest (a) and during active abduction of the
little finger (b).Images show an accessory abductor digiti
minimi muscle (asterisk) located between the ulnar artery
(black arrowhead) and nerve (white arrowhead). In (b), note
the increase in the size of the accessory muscle (asterisk)
during contraction and secondary displacement of the ulnar
artery and nerve. Pis pisiform
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section of the MN. They are more commonly
encountered in patients with bifid MN (Fig. 14). They
appear as partial or complete interruption of the nerve
that can show focal swelling due to amputation neu-
romas. Inadvertent section of distal branches of the
MN at the palm of the hand can be also detected
(Fig. 15). Cut of the palmar sensitive branch of the
MN during sectioning of the TCL can be seen in open
release of CTS (Tagliafico et al. 2008). In addition,
the small branch can be injured in the post-operative
course due to the development of local fibrosis of the
perineural tissues (Fig. 16).

7 Guyon’s Tunnel Syndrome

Compared to the common CTS, ulnar neuropathies at
the Guyon’s canal are rare. Depending on the site of
compression (cranial or distal to nerve bifurcation),

various syndromes due to the involvement of either
the main nerve trunk or its motor and sensitive
branches have been described.

Chronic external pressure caused by repetitive
utilization of tools during manual work or sport
activities (such as biking), in which chronic stress is
applied on the ulnar aspect of the volar wrist, can
cause a nerve entrapment. Focal masses are easily
detected on transverse US scans. As mentioned
before, anomalous muscles inside the GT are well
depicted by US (Fig. 17). Since there are no muscles
inside the tunnel in normal conditions, the diagnosis
is straightforward in case of a mass located inside the
tunnel, which presents the typical internal muscle
architecture. Color Doppler does not show any
internal flow signals. Contrasted abduction of the
small finger during dynamic US examination reveals
shortening and increase in the axial diameters of the
muscle due to its contraction (Fig. 18). These muscles

Fig. 19 Guyon’s tunnel. Intracanalar ganglion cyst. Trans-
verse sonograms obtained at the level of the Guyon’s tunnel.
a note the ganglion (asterisk) appearing as an anechoic cystic
lesion located inside the tunnel. b US-guided needle puncture.

Note the needle (white arrowhead) located in the center of the
ganglion. c After aspiration of the mucoid content, the injected
steroid presents as hyperechoic foci (black arrowhead).
Pis pisiform

Nerve Entrapment Syndromes 199



are however normally well tolerated. When hyper-
trophied, they can compress the UN (Patel et al.).
Ganglion cysts usually related to the pisotriquetrum
joint space can develop inside the GT. They present at
US as anechoic cystic lesion with sharp borders
(Fig. 19). US can effectively guide a real-time cystic
puncture, thus avoiding inadvertent injury to the UA
and UN. Steroid injection can also be guided by US
(Fig. 19).

8 Disorders of the Superficial Branch
of the RN

The superficial branch of the RN is rarely affected by
CN at the wrist or hand. This small sensitive nerve
can be compressed by local fibrosis of the tissues
surrounding the retinaculum of the first extensor
compartment in patients affected by De Quervain’s
tenosynovitis (Lanzetta and Foucher 1993). US
shows aspecific thickening of the nerve associated

with the typical findings of De Quervain’s stenosing
tenosynovitis. In rare cases, the superficial branch
can be unintentionally injured during surgery
(Fig. 20).

9 Key Points

US bone landmarks of the carpal tunnel
• Radial side proximal: tubercle of the scaphoid

(rounded)
• Ulnar side proximal: pisiform (rounded)
• Radial side distal: trapezium (flat)
• Ulnar side distal: hook of the hamate (pointed)

US appearance in peripheral nerves entrapment
• Nerve swollen and hypoechoic proximal to the

entrapment site
• Nerve thinned at the level of the entrapment
• Nerve swollen and hypoechoic distal to the

entrapment site (less common)
• Internal vascular signals proximal to the entrap-

ment site (less common)
Clinical utility of US in CTS

• Confirm the clinical diagnosis by showing
changes in the MN

• Assess the cause of nerve compression
• Illustrate normal anatomic variants that can

modify the surgical approach
Most common complication after CT release

• Incomplete resection of the transverse carpal
ligament (endoscopic approach)

• Local fibrosis with thickening of the transverse
carpal ligament

• Nerve injuries (bifid median nerve) (endoscopic
approach)
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Abstract

This succinct chapter on osteonecrosis and
osteochondrosis in the wrist and hand describes
the aetiology and typical bones involved in these
conditions. A description of the available of imaging
modalities including plain radiographs, computed
tomography, scintigraphy and Magnetic resonance
imaging are described with their strengths and
weaknesses. Detailed individual description and
classification of carpal bone osteonecrois and oste-
ochondrosis including Kienbock’s disease of the
lunate and the rarer Preiser’s disease of the scaphoid
are included.

1 Introduction

Osteonecrosis or avascular necrosis of the carpal
bones is a common cause for chronic wrist pain,
limiting movement and weakening grip strength.
In the wrist osteonecrosis most frequently occurs as a
result of disruption to the osseous blood supply as a
result of trauma. While the scaphoid is the most fre-
quently affected bone in the wrist, osteonecrosis of
any of the carpal bones can occur and multiple carpal
bone involvement is described (De Smet et al. 1993;
Humphrey et al. 2006; Telfer et al. 1994; Zafra et al.
2004; Garcia and Vaca 2006).

The osteochondroses refer to a heterogenous group of
conditions with a tendency to affect the immature skel-
eton. A variety of possible mechanisms have been pro-
posed for these conditions, but those affecting the wrist
and hand are characterized by features of osteonecrosis
thought to occur through a process of microtrauma.
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The most well recognized of these conditions in the hand
and wrist is Kienböch’s disease affecting the lunate.

Osteonecrosis from any cause can result in late
complications, most commonly osteoarthritis and
although surgical options meet with varied success,
early diagnosis may limit these complications. Con-
ventional radiographs are often the first line imaging
investigation but it should be appreciated that the
changes seen are relatively late in the disease process.
MR imaging is extremely well suited to the detection
of the early phases of avascular necrosis, permitting
diagnosis before collapse of the carpal bones has
occurred (Golimbu et al. 1995).

2 Aetiology

The term osteonecrosis by definition implies bone
necrosis or bone death. Originally infection was
thought to be the underlying cause but histopatholo-
gical studies showed that the bone is aseptic and also
avascular, implicating vascular insufficiency as the
underlying aetiology. A variety of insults may lead to
osseous vascular impairment and carpal bones are
particularly vulnerable to such insults as they have a
poor collateral circulation. Notably osteonecrosis
occurs most often in the scaphoid, lunate and capitate
bones which have particularly tenuous vascularity
(Botte et al. 2004; Gelberman and Gross 1986).

Vascular impairment and therefore osteonecrosis
may result from a variety of underlying causes
including radiation, vascular, metabolic and systemic
conditions. In the wrist the most common cause is
trauma, with the scaphoid and capitate most frequently
affected. A clear cause for osteonecrosis is not always
established. This situation most commonly arises in the
lunate where it is termed Kienböch’s disease. Despite
the absence of a history of trauma it is generally
believed that the aetiology of these conditions is trau-
matic in nature, rather than relating to a primary vas-
cular event (Resnick 2002). Other osteochondroses
described in the hand and wrist are Preiser’s disease
(scaphoid), Thiemann’s disease (phalanges) and
Dieterich’s disease (metacarpal head) (Botte et al.
2004; de Smet 2000; Ferlic and Morin 1989; Herbert
and Lanzetta 1994; Tashjian et al. 2004).

The different cellular elements within bone
(including osteocytes, osteoblasts and osteoclasts)
differ in their susceptibilities to anoxia. After physical

disruption of blood flow, the haemopoietic elements are
generally acknowledged to be the first to undergo
anoxic death followed by bone cells and subsequently
bone marrow fat cells (Cruess 1986; Glimcher and
Kenzora 1979a, b, c). This means that temporary
anoxia can result in varying degrees of cell death
potentially affecting the haemopoeitic elements with-
out necessarily involving the other bone cells. It is
generally recognised that once marrow fat cell death
occurs the involved segment of bone can be labelled as
infarcted. Marrow involvement is critical to the
detection of bone infarction on MRI examination.

3 Imaging Techniques

3.1 Radiography

In most cases the X-ray findings lag behind the clinical
manifestations, hence the initial radiographs may
appear normal. The onset of fat necrosis brings with it
vasodilation in the still vascularised surrounding bone
resulting in an influx of inflammatory cells. Dead bone
starts to undergo removal by osteoclasts and this means
that potentially viable bone will become relatively
osteopaenic. This comparatively radiolucent bone will
be adjacent to non-viable necrotic bone which
becomes relatively sclerotic (Fig. 1). As the process
progresses increasing sclerosis followed by collapse
and fragmentation of the avascular bone occurs.

3.2 Computed Tomography

Computerised tomography is rarely used in the pri-
mary assessment of carpal bone osteonecrosis. How-
ever the complex 3-D anatomy of the carpal bones
means it can be useful for providing information
relating to the extent of volume reduction of the
affected bone and the detection of early subchondral
collapse, along with the detection of secondary
changes such as osteoarthritis. It can also prove more
sensitive to the detection of an associated un-united
fracture and sclerosis in the avascular bone.

The base of the hook of hamate is at a relatively
high risk for avascular necrosis following fracture
(Telfer et al. 1994). The complex anatomy of this bone
means avascular necrosis is often best detected at CT.
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CT changes seen in osteonecrotic bone reflect the
plain film findings of sclerosis, appreciated as increased
attenuation and subsequent collapse and fragmentation
(Fig. 2). Cystic change may be seen along the margins
of an un-united fracture (Bush et al. 1987).

3.3 Magnetic Resonance Imaging

Magnetic resonance is the imaging modality of choice
for the early detection of osteonecrosis, depicting
marrow signal changes before changes are apparent
using plain films and CT (Imhof et al. 1997).
Although scintigraphy may offer similar sensitivity it
shows less specificity when compared with MRI. The
signal abnormality on MRI depends on alteration of
the fat cells in the bone marrow, initially seen as
oedema-like change within the marrow, appreciated
as a reduction in the normal fat signal on T1 weighted
imaging and increased signal on water sensitive
sequences (Imhof et al. 1997; Mitchell et al. 1989)
(Fig. 3). As the process progresses areas of reduced
signal intensity on T2 weighted imaging emerge,
surrounded by areas of increased signal intensity
representing the interface between non-viable bone
and reparative granulation tissue. At this stage MRI
may show a characteristic serpiginous double line at

the interface between the necrotic area and the
fibrovascular granulation tissue. The double line
represents the granulation tissue adjacent to reactive

Fig. 1 Early avascular necrosis 8 weeks following a scaphoid
fracture. a Ulnar deviated PA film with tube angulation and
b Anterior Oblique shows a fracture line. The difference in

density can be appreciated between the increased density
of the proximal pole, accentuated by the relative osteopaenia of
the distal pole

Fig. 2 Scaphoid fracture with early avascular necrosis. The
sagittal CT reformat shows increased attenuation to the proximal
pole of the scaphoid reflecting osteonecrotic bone with relative
osteopaenia in the distal pole
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bone formation (Imhof et al. 1997; Mitchell
et al.1989). While the two lines may not always be
distinguished a sharp line of demarcation is still a
typical and helpful feature (Fig. 4). Contrast-
enhanced imaging can be performed and may help
distinguish viable from non-viable bone but should be
interpreted with caution. See Sect. 4.1.

3.4 Bone Scintigraphy

The relative insensitivity of radiographs for detecting
the early stages of avascular necrosis has led to the
increased use of MRI for this role. Bone scintigraphy
is also very sensitive to the early detection of osteo-
necrosis although it is relatively non-specific and

Fig. 3 a Coronal T1 and b Coronal Oblique T2 (fat sat) MR
images obtained 18 days following scaphoid fracture. On the
T1 the fracture line interrupts the marrow signal with patchy
signal reduction around the fracture line seen as increased T2
signal (oedema) on the T2 image. Note the normal marrow

signal at the proximal pole. Five weeks later (c) Coronal T1
MR image shows diffuse low signal and (d) Coronal T2 (fat sat)
image shows diffuse increased signal in the proximal pole with
normal signal in the distal pole. The appearances represent
early AVN
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should always be interpreted alongside conventional
radiographic findings. In the early stages of avascular
necrosis increased metabolic activity in the bone is
seen as higher uptake in bone scintigraphy on early
and late phase scanning. Later bone scintigraphy
typically indicates an area of decreased radio-tracer
uptake; a cold spot or photopenic region. This in
isolation is not diagnostic of osteonecrosis as other
conditions including myeloma, some skeletal metas-
tases, irradiation, haemangiomas and infection can
also result in reduced or impaired tracer uptake.

4 Scaphoid

The scaphoid is the most common site for osteone-
crosis to occur in the wrist. This is because of its high
susceptibility to trauma and precarious blood supply.
The proximal pole of the scaphoid receives its blood
supply in a retrograde fashion from small dorsal ridge
vessels entering the waist of the scaphoid from the
radial artery. These vessels provide around 70–80%
of the internal vascularity of the bone, in particular to
the proximal pole. A separate vascular supply
from the palmar aspect supplies the remaining inter-
nal vascularity, all to the region of the distal pole
(Botte et al. 2004). The consequent tenuous blood

supply to the proximal pole makes it vulnerable to
osteonecrosis following fracture. There is a reported
frequency of proximal pole osteonecrosis of between
11 and 65% following scaphoid fracture (Mazet and
Hohl 1963). However this varies according to the site
of the fracture, with fractures of the proximal third
having the highest incidence of osteonecrosis and
a reducing incidence with more distally located frac-
tures. Osteonecrosis has been reported as occurring in
the distal pole of the scaphoid following fracture, but
this is extremely rare (Sherman et al. 1983).

Plain radiographs of established cases show an
increased bone density in the affected scaphoid seen at
between 4 and 8 weeks and associated with non-union
(Fig. 1). Later reduction in size, fragmentation and
secondary degenerative changes can be seen (Fig. 5).

MR imaging is now the modality of choice for the
detection of early avascular necrosis. Typically, MR
will show low signal intensity within the bone mar-
row of the proximal pole on both the T1 and T2
weighted images. It has been suggested that high
signal on T2 implies viability of bone but this is not
the case (Cerezal et al. 2000) (Fig. 6a). Contrast
enhancement significantly increases the detection of
non-viable bone but the use of dynamic enhancement
studies does not appear to improve sensitivity
(Cerezal et al. 2000; Megerle et al. 2011; Donati et al.

Fig. 4 a Coronal T1 W shows abnormal low signal within the
proximal scaphoid bone b PD (fat sat) image also shows
abnormal low signal delineated by a high signal serpiginous
line. There is surrounding abnormal low signal within the

proximal scaphoid bone demarcating the dead bone within the
proximal pole and representing granulation tissue. There was
no history of trauma in this case, which represents the partial
form of Preiser’s disease
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2011) (Fig. 6b). While studies do indicate that MRI
provides a good assessment of the vascularity of the
bone as assessed with punctate bleeding at the time of
surgery; the general picture that is emerging suggests
that MRI, even with gadolinium enhancement, is less
good at predicting outcome of surgery in terms of
union and revascularization (Cerezal et al. 2000;
Megerle et al. 2011; Schmitt et al. 2011; Singh et al.
2004; Dawson et al. 2001).

4.1 Preiser’s Disease

Preiser’s disease is a rare condition which results in
ischaemia of the scaphoid bone without a history of
trauma. Rarely it can occur bilaterally and has also
been described with Kienböch’s disease (de Smet
2000; Ferlic and Morin 1989; Herbert and Lanzetta
1994) (Fig. 7). Risk factors may include excessive
alcohol intake, corticosteroid administration, chemo-
therapy and other disease processes.

Histologically, there are empty bony lacunae,
necrotic marrow and partly degenerated articular
cartilage. Clinically, pain along the dorsal and radial
aspects of the wrist is typical.

Conventional radiographic images and CT show the
expected sclerosis, volume loss and cystic change which,
with time progresses to collapse and fragmentation
(Fig. 7 and 8). Using MRI two patterns can be identified,
a partial or focal form with ischaemia of the proximal
half of the scaphoid (Fig. 4) and a diffuse form with
complete ischaemia and necrosis (Fig. 7) (Kalainov et al.
2003). The former, partial type has a better prognosis.
Isolated non-traumatic osteonecrosis of the distal pole of
the scaphoid has also been described (Garg et al. 2011).

Treatment protocols for Preiser’s disease include
wrist immobilization and cortisone injections. Surgi-
cal options include partial excision with replacement
by non-vascularised or vascularised bone graft,
proximal row carpectomy, scaphoid excision with
midcarpal fusion and total wrist fusion.

5 Lunate

5.1 Kienböch’s Disease

Kienböch’s disease is most commonly observed in
patients between the ages of 20 and 40 years, with a
predilection for the right hand in persons engaged in
manual labour. Some patients have an antecedent
history of trauma but the majority of cases are idio-
pathic. There is a strong association between ulna
minus variance and Kienböch’s disease, which has led
to the suggestion that abnormality in loading is an
important aspect in the aetiology, although 40% of
cases are seen in neutral ulna variance. Additionally,
negative ulnar variance is usually bilateral and
Kienböch’s disease is rarely bilateral. Other theories
that have been postulated include medialisation of the
lunate, horizontalisation of the radial epiphysis or
abnormal morphology of the lunate. In some individ-
uals there is a variation in the blood supply of the lunate;
a single dominant branch (8%) rather than a dual
supply from volar and dorsal branches with an anas-
tomosis potentially increasing the risk of osteonecrosis
(Gelberman and Gross 1986).

5.1.1 Imaging
The appearances of established lunate osteonecrosis
on conventional radiographs is initially sclerosis
followed by progressive collapse of the lunate and
fragmentation (Figs. 9 and 10). Associated findings
such as ulnar negative variance may also be seen and
in the later stages degenerative change may occur.

Fig. 5 Established proximal pole scaphoid osteonecrosis
6 months following fracture. There is fracture non-union with
dense sclerosis and volume loss in the proximal pole. Cystic
change is also seen about the fracture line
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Radiographs are important in differentiating osteo-
necrosis from other causes of wrist pain such as ulna-
lunate abutment, fractures, carpal malalignment,
instability and arthritis.

CT of the wrist is more sensitive than plain films for
demonstrating structural change including sclerosis,
compression and fractures of the lunate. Fractures are
more common in Kienböch’s disease than previously
reported (Fig. 11). Earlier detection of fractures by
CT, before collapse of the lunate occurs, may allow
treatment to prevent the collapse (Friedman et al. 1991).

As with osteonecrosis at other sites, MRI and
scintigraphy provide earlier evidence of Kienböch’s
disease and can help establish the diagnosis in the
presence of normal conventional radiographs. Two
patterns of abnormality have been defined on MRI, one
involving only focal involvement of the radial half of
the lunate, the second being a diffused reduction in T1
signal throughout the bone marrow (Sowa et al. 1989
Nov) (Fig. 12). In common with osteonecrosis else-
where, marrow signal appears low on T2 imaging in the
later stages of the disease, but initially high signal may

Fig. 6 a Coronal T2 W (fat sat) shows scaphoid fracture non-
union. High signal oedema is seen in the marrow in both the
proximal and distal fracture fragments. b Coronal T1 W (fat
sat) post intravenous gadolinium shows oedema-induced

enhancement in the distal pole with absent enhancement of
the oedematous but avascular proximal pole despite the
presence of oedematous change on T2 W imaging

Fig. 7 Bilateral Preiser’s disease. a Reformatted CT. There is
sclerosis, fracturing and fragmentation with volume loss in the
scaphoid of this patient without trauma. b T1 weighted and
c T2 weighted (fat sat) MR images from the contralateral wrist

show the condition is bilateral, with diffuse signal abnormality
throughout the scaphoid with a serpiginous boundary between
representing the interface between necrotic bone and granula-
tion tissue Courtesy of Dr Phillip Tirman
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be seen, which may be focal or patchy in distribution.
Cystic change and collapse/fragmentation may be seen
in the later stages of the disease (Fig. 13).

5.1.2 Staging of Kienböch’s Disease
Although many classifications have been proposed
they are quite similar, four stages are recognised
in the commonly used Lichtman classification
(Lichtman et al. 1977).

Stage 1: Pre-radiological disease.
The plain radiograph is normal except for possible

predisposing factors such as negative ulnar variance.
Detection of stage 1 disease is by MRI where there is
typically internal bone marrow signal change with
low signal on T1 W and low or patchy high signal on
T2 W imaging. Stage 1 disease can also be detected
by bone scintigraphy.

Stage II: Sclerosis of the lunate bone without
collapse (Fig. 9).

Stage III: Lunate fragmentation and collapse.
As a consequence of collapse there may be

associated scapholunate dissociation and rotatory
subluxation of the scaphoid. This has led to subdivi-
sion of stage III into stage IIIA: no rotatory sublux-
ation and IIIB: associated scapholunate dissociation
and rotatory subluxation.

Stage IV: Arthritis of the radiocarpal and mid
carpal joints.

Although there is no difficulty in establishing the
diagnosis of Kienböch’s disease with MRI, many
therapeutic options exist. Along with conservative
management there are surgical options, including
revascularisation of the lunate and lunate unloading by
ulnar lengthening or radial shortening. However there
is no strong consensus on the indications and results are
variable (Kristensen et al. 1986; Weiss et al. 1991).

6 Capitate

Osteonecrosis of the capitate is recognised following
fracture or more commonly following midcarpal frac-
ture dislocations (scaphocapitate syndrome) (Tashjian
et al. 2004). Although idiopathic osteonecrosis without
a history of antecedent trauma is described it is rare
(Kutty and Curtin 1995; Lapinsky and Mack 1992). The
vascular anatomy of the capitate shares similar features

Fig. 8 Preiser’s disease. The scaphoid shows sclerosis and
volume loss due to osteonecrosis. There was no history of trauma
in this 25-year-old male presenting with wrist pain and success-
fully treated with a vascularised graft Courtesy of Kimberly
K. Amrami MD. Mayo Clinic, Rochester Minnesota, USA

Fig. 9 Plain radiograph showing sclerosis of the lunate typical
features of Kienböch’s disease. Note the presence of ulnar
negative variance, a typical but not exclusive association with
Kienböch’s disease
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to those of the scaphoid with a retrograde internal flow
pattern which explains the predominant proximal pole
pattern of necrosis.

The changes described on X-ray are of initial
proximal pole osteopaenia followed by sclerosis. This
may progress to complete fragmentation and collapse.
MRI will show typical features of osteonecrosis as
previously described.

Treatment often involves excision of the capitate
bone with carpal fusion, revascularisation has also
been successfully achieved (Murakami et al. 2002).

7 Hamate

Avascular necrosis of the hamate is relatively
uncommon and in the cases reported follows trauma.
Post-traumatic osteonecrosis of both the hook of
hamate and body have been described (Telfer et al.

Fig. 10 Kienböch’s disease at a more advanced stage than
shown in Fig. 8, with subchondral fracturing and collapse at the
proximal pole, again with ulnar minus variance

Fig. 11 Sagittal CT reformat shows advanced Kienböch’s
disease with sclerosis, fracture and fragmentation. Early
secondary degenerative change at the radioulnar joint can be
appreciated as irregular joint space loss and cystic change in the
subchondral bone of the radius

Fig. 12 Kienböch’s Disease. Coronal T1 W image shows
diffuse low signal change in the lunate, but there are focal
regions of increased and intermediate signal intensity which are
often observed in bone necrosis. Courtesy of Dr Muhammed
Mubashar, University Hospital South Manchester, UK

Osteonecrosis and Osteochondrosis 211



1994; Failla 1993). It has been noted that like the
scaphoid and capitate the proximal pole is vascular-
ised via a retrograde circulation and, as would be
expected, the proximal pole seems to be more vul-
nerable (Botte et al. 2004; Tashjian et al. 2004).

8 The Hand

Osteonecrosis has been reported in a variety of bones
in the hand, most commonly in the metacarpal heads
and about the proximal interphalangeal (PIP) joints of
the phalanges. Thiemann’s disease is reported as a
rare autosomal-dominant form of avascular necrosis
affecting the PIP joint (Tashjian et al. 2004). The
condition has also been termed juvenile osteoc-
hondropathy of the fingers and multiple phalangeal
epiphysitis. It usually presents as progressive
enlargement of the PIP joints, frequently starting with
the middle finger before involving the index and ring
fingers. There is often sparing of the little PIP and
thumb IP joints. The condition is usually painless, but
contractures, finger shortening and deformity are said
to be features (Rubinstein 1975). As expected,
radiographic features include flattening, sclerosis and
fragmentation of the epiphyses.

Osteonecrosis of the metacarpal heads (Dieterich’s
disease) has been described in association with
trauma, systemic lupus erthematosus and steroid use.
Radiographs show sclerosis and fragmentation of the
metacarpal head which may show features resembling
periarticular erosion (Tashjian et al. 2004).
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Abstract

Hand and wrist are well recognized as a mirror of
disease for various metabolic and endocrine
pathologic conditions. Among them, osteoporosis
is the most common metabolic bone disorder. It is
defined as ‘‘a skeletal disease, characterized by
decreased bone mineral density (BMD) and micro-
architectural deterioration of bone tissue, with a
consequent increase in bone fragility and suscep-
tibility to fracture’’ . As a disease of the elderly, its
prevalence will increase as the population ages
leading to a need to intensify and optimize the
diagnostic techniques for its assessment. BMD is a
measurement of bone mass and a reflection of the
amount of calcium in bone. Currently, the gold
standard for measuring BMD is Dual-energy
X-ray Absorptiometry (DXA).

1 Introduction

Hand and wrist are well recognized as a mirror of
disease for various metabolic and endocrine patho-
logic conditions (Theodorou et al. 2001). Among
them, osteoporosis is the most common metabolic
bone disorder. It is defined as ‘‘a skeletal disease,
characterized by decreased bone mineral density
(BMD) and micro-architectural deterioration of bone
tissue, with a consequent increase in bone fragility
and susceptibility to fracture’’ (Anonymous 2003).
As a disease of the elderly, its prevalence will
increase as the population ages leading to a need to
intensify and optimize the diagnostic techniques for
its assessment. BMD is a measurement of bone mass
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and a reflection of the amount of calcium in bone.
Currently, the gold standard for measuring BMD is
Dual-energy X-ray Absorptiometry (DXA). On the
basis of the T-score (the difference between the BMD
of the patient under examination and the BMD of a
standard young adult population) The World Health
Organization (WHO) has defined as:
• normal T-score values of -1.0 or higher;
• osteopenia T-score values of less than -1.0 but

higher than -2.5;
• osteoporosis T-score values of -2.5 or less;
• severe osteoporosis T-score values of -2.5 or less

with a fragility fracture (Kanis JA, on behalf of the
World Health Organization Scientific Group 2007).
Osteoporotic fractures may affect any part of the

skeleton except the skull. Most commonly, fractures
occur in the distal forearm (Colles’ fracture), thoracic
and lumbar vertebrae, and proximal femur (hip frac-
ture). Fractures usually have substantial clinical and
social impact. Following a fragility fracture, signifi-
cant pain, disability, and deformity can ensue,
compromising life quality and shorten life expectancy
(Cockerill et al. 2004; Center et al. 1999). Moreover,
if fracture union is not achieved, the patient may
suffer long-term disability due also to degenerative
joint disease distal to the fracture and to reflex sym-
pathetic dystrophy (Cosman 2005). A prior fracture
increases the risk of future fractures (Cummings et al.
1995). Moreover, fractures are often under-recog-
nized and patients who sustain a fragility fracture
often do not receive adequate or appropriate medical
treatment for the underlying osteoporosis. Given the
substantial impact of osteoporosis on both patients
and the medical community, it is imperative that
physicians improve awareness and knowledge of
osteoporosis in the setting of low-energy fractures.

2 Classification of Osteoporosis

Osteoporosis is generally characterized into primary
and secondary causes. Primary osteoporosis is divided
into type I, postmenopausal osteoporosis, and type II,
senile or age-related osteoporosis. Type I represents a
high turnover state that occurs after menopause. Type
II is largely a failure of osteoblastic bone to form
(Lane et al. 2006). In ‘‘postmenopausal’’ osteoporosis
there is an apparent excess loss of cancellous bone
with relative sparing of cortical bone, and the clinical

syndrome involves Colle’s fracture and vertebral
fracture. In ‘‘senile’’ osteoporosis there is a more
simultaneous loss of both cortical and cancellous
bone. The pathogenesis of senile osteoporosis is
uncertain, but it is postulated to result from an
age-related decline in renal production of 1,25-di-
hydroxyvitamin D and calcium malabsorption, with
subsequent secondary hyperparathyroidism. Fracture
syndrome often seen in the patient with senile oste-
oporosis characteristically involves the hip and pelvis
(Ross 1998). Besides the above mentioned, other risk
factors like presence of dementia, susceptibility to
falling, history of fractures in adulthood, history of
fractures in a first-degree relative, frailty, impaired
eyesight, insufficient physical activity and low body
weight can partly contribute to the development of
osteoporosis and its complications (Guglielmi et al.
2008).

Secondary osteoporosis is caused by a multitude of
factors, including endocrine disorders, hematopoietic
diseases, immobilization, gastric disorders, medica-
tions (long-term oral glucocorticoid therapy),
increased alcohol intake and smoking (Seeman et al.
1983).

3 Diagnosis of Osteoporosis

3.1 Conventional Radiography

Indications of bone loss on radiographs are generally
a reduction in density and changes in morphology. It
has been estimated that in most cases osteopenia
becomes detectable on conventional radiographs only
after a loss of at least 20–40% of the skeletal bone
mass (Virtama 1960; Grampp et al. 1993). Never-
theless, conventional radiography is widely available,
and it remains useful for the detection of specific
alterations in certain instances (e.g., subperiosteal
resorption in hyperparathyroidism). Alone and in
conjunction with modern, computed-aided, imaging
techniques, conventional radiography is widely used
for the detection of fractures, for the differential
diagnosis of osteopenia, or for follow-up examina-
tions in specific clinical settings (Genant et al. 1996;
Guglielmi et al. 1994). Moreover, conventional radi-
ographies are predominantly performed at sites of the
peripheral skeleton (calcaneus and distal radius) as
surrounding soft tissue does not compromise image
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quality and standardization (Caligiuri et al. 1994;
Vokes et al. 2006).

In osteoporosis a decrease in the mineralized bone
volume results in a decrease of the total bone calcium
and a decreased absorption of the X-ray beam.
This phenomenon is then referred to as increased
radiolucency. As bone mass is lost, changes in the
bone structure occur. Bone is composed of two
compartments: cortical bone and trabecular bone.
The structural canes seen in the cortical bone repre-
sent bone resorption at different sites (e.g., the inner
and outer surfaces of the cortex, or within the cortex
in the Haversian and Volkmann channels). These
three sites (endosteal, intracortical, and periosteal)
may react differently to distinct metabolic stimuli.
Cortical bone remodeling typically occurs in the
endosteal ‘‘envelop’’, and the interpretation of subtle
changes in this layer may be difficult. With increasing
age there is a widening of the marrow canal due to an
imbalance of endosteal bone formation and resorption
that leads to a ‘‘trabeculization’’ of the inner surface
of the cortex. Endosteal scalloping due to resorption
of the inner bone surface can be seen in high-bone
turnover states like reflex sympathetic dystrophy.
Intracortical bone resorption may cause longitudinal
striation or tunneling. These changes are seen in
various high-turnover metabolic diseases affecting the
bone like hyperparathyroidism, osteomalacia, renal
osteodystrophy, and acute osteoporoses from disuse
or reflex sympathetic dystrophy syndrome, but also
rapidly evolving postmenopausal osteoporosis. It is
usually not apparent in disease states with relatively
low turnover like senile osteoporosis.

Accelerated endosteal and intracortical resorption,
with intracortical tunneling and indistinct border of
the inner cortical surface, is best depicted with high-
resolution radiographic techniques with optical
magnification.

Subperiosteal bone resorption is associated with an
irregular definition of the outer bone surface. This
finding is pronounced in diseases with high bone
turn-over, principally primary and secondary hyper-
parathyroidism (Guglielmi et al. 2001, 2003).

In the appendicular skeleton, changes in the
trabecular and cortical bone are first apparent at the
ends of long and tubular bones due to the predomi-
nance of cancellous bone in these regions.

Radiologic imaging of the hand is a fundamental
step in evaluating grade and type of osteoporosis,

thanks to anatomic peculiarities of this anatomic
region that allow a best detailed evaluation through
high-resolution systems (e.g., industrial films).

Metacarpal bones (usually II, III, and IV) are
investigated. Spongious and cortical compartments
are separately evaluated (Fig. 1). The cortico-medul-
lar index, based on the evaluation of the cortical
thickness at II metacarpal bone, represented in the
past a good semi-quantitative measure for grading
osteoporosis at this site (Link et al. 1994).

3.2 Peripheral Dual-Energy X-Ray
Absorptiometry

Bone mineral density is an important factor influ-
encing bone strength and a key predictor of fracture
risk in patients with osteoporosis and other metabolic
bone diseases (Cummings et al. 2002; Grampp et al.
1997). DXA is the most widely used technique
for diagnosis of osteoporosis (Cauley et al. 2005;

Fig. 1 Radiographs of the hand showing a detailed evaluation
of II, III, and IV metacarpal bones. Spongious and cortical
compartments are separately evaluated
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Damilakis et al. 2006; Guglielmi et al. 2003).
This technique determines an aerial density and BMD
is therefore given as g/cm2. It has a limited ability to
evaluate bone geometry and cannot provide separate
cortical and trabecular bone evaluations (Seeman and
Delmas 2006).

An increasing number of small, portable DXA
scanners are becoming available for application to
peripheral sites (distal radius and calcaneus). Scan-
ning of the forearm takes about 5 min to perform. The
position of the forearm is standardized by the patient
gripping a vertical rod. DXA allows an evaluation of
weight-bearing and not weight-bearing bones. The
scan is performed in a rectilinear fashion at a distal
(87% cortical bone) and ultradistal (predominantly
65% trabecular bone) site (Fig. 2). Accuracy is 3%,
precision is better than 1% and radiation dose is
0.1 lSv. Due to its composition, the forearm site is
not a sensitive site for monitoring changes in BMD
with respect to the calcaneus that is 95% trabecular
bone and offers more potential for this purpose. The
WHO criterion for the diagnosis of osteoporosis
(T-score of -2.5 or less) is applicable to the forearm

but the definitive threshold for diagnosis has still to be
determined (Pacheco et al. 2002). By consequence,
BMD changes in peripheral bones such as phalanx
and forearm must be very carefully interpreted.
In fact, screening individuals using peripheral sites
and technologies is not completely supported by
current evidences. Picard and collaborators (Picard
et al. 2004) compared results of BMD obtained at the
forearm and phalanges with those obtained at lumbar
spine and femoral neck evaluated by DXA: even
though the negative predictive value reached more
than 95% of the true negatives, the positive predictive
value was only ranged from 40 to 43% what is, again,
distant from the ideal situation. In general, it is rec-
ognized that the elder the subject is, the more likely to
have agreement between a peripheral and a central
measurement (Deng et al. 1998).

Monitoring treatment could be a very specific
applicability but, even in this case, distal sites are not
completely accepted due, mainly, to the fact that the
changes expected with the available therapies are also
smaller than at central sites. As reviewed by the
ORAG group (Guyatt et al. 2002), if the forearm was
used for monitoring treatment, only the treatment
with Hormonal Therapy and Alendronate for
2–4 years could be adequately monitored.

3.3 Peripheral Quantitative Computed
Tomography

Bone strength and fracture risk are also influenced by
parameters of bone quality such as micro-architecture
and tissue properties, evaluable by developing tech-
niques other than DXA. Peripheral Quantitative
Computed Tomography (pQCT) has been proposed as
a relatively inexpensive method to assess trabecular
BMD in single-slice mode (Rüegsegger et al. 1976;
Schneider and Börner 1991; Guglielmi and Lang
2002; Guglielmi et al. 1997). Dedicated peripheral CT
scanners are available for assessing BMD in the
radius and tibia. They are smaller, more mobile and
less expensive that whole body CT scanners. pQCT
measures the apparent volumetric BMD (mg/cm3), in
contrast to projection techniques such as DXA of the
radius, and allows separate assessments of trabecular
and cortical bone (Ito et al. 1997; Schneider and
Reiners 1998) (Fig. 3). Peripheral QCT is most
commonly applied to the non-dominant forearm.

Fig. 2 DXA of the distal (87% cortical bone) and ultradistal
(65% trabecular bone) forearm
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Initially the forearm length is measured as the
distance between the tip of the ulnar styloid and the
olecranon. The patient’s forearm is placed pronated in
the pQCT gantry with the elbow resting on a block
and the hand gripping the hand fixture. The arm is
secured with Velcro straps to prevent movement.
A coronal scout scan is performed and a reference line
is placed to bisect the medial border of the end of the
distal radius. Accurate and consistent positioning of
this reference line is essential in any longitudinal or
multi-center studies for comparable results. The sites
generally scanned in the radius are the 4% (distal),
50% (mid) and between 60 and 66% (proximal) shaft,
but other sites (e.g., 38% distal) are also used. The
parameters measured at the 4% site include total and
trabecular bone mineral content (BMC), BMD and
cross-sectional area (CSA); in the shaft cortical BMC
and BMD are measured with many geometric
parameters including total and cortical area (mm2),
cortical thickness (mm), marrow cross-sectional area
(mm2), periosteal and endosteal circumference (mm),

(Adams 2009). The definition of osteoporosis given
by the WHO (T-score of -2.5 or less), is applicable
only to DXA of the lumbar spine, femoral neck, total
hip and distal 33% radius. The definition does not
apply to other anatomical sites (e.g., calcaneus) or to
other densitometric techniques, such as Quantitative
Ultrasound (QUS) or QCT, in either a central or
peripheral QCT in the spine, and in distal radius and
tibial sites.

Measurements of either total or trabecular BMD of
the ultra-distal radius, by pQCT, predict fractures of
the hip in post-menopausal women (Engelke et al.
2008). pQCT performs as well as, if not better than,
DXA spine or QCT spine for prediction of wrist and
hip fractures (Engelke et al. 2008).

Advantages of pQCT over axial QCT are that
pQCT generates a lower radiation dose (1–2 lSv in
pQCT compared with 50 lSv in spinal QCT), and
that it provides substantially higher reproducibility
(Guglielmi et al. 1997). Advantages of pQCT over
DXA are high accuracy, separate measurement of

Fig. 3 Peripheral QCT of the
distal radius allows separate
measurement of trabecular
bone, cortical bone, total and
cortical area and marrow
cross-sectional area
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cortical and trabecular bone, and cross-sectional bone
imaging to offer additional information.

Recent advancements in another novel technol-
ogy, volumetric QCT (vQCT), offers three-dimen-
sional (3D) information, and cortical and trabecular
bone can be separately analyzed. A particular
challenge of volumetric BMD (vBMD) is the
reproducible location of a given analysis volume of
interest (VOI) in longitudinal scans. Most analysis
software is experimental and only a few commercial
programs are available. The overall advantages of
this vQCT technique include high precision, on the
order of 1–2% for BMD of the spine, hip and
radius; nearly instant availability of data, in a matter
of seconds to minutes; widespread access, with
many thousands of systems available worldwide;
and minimal user interaction. The major disadvan-
tage for vBMD is the use of modest radiation
exposure, which for the radius requires an effective
dose \10 lSv (Genant et al. 2008). Guglielmi et al.
found that pQCT of the ultradistal radius is a precise
method for measuring the true volumetric BMD and
for detecting age-related bone loss in the trabecular
and total bone of female subjects encompassing the
adult age range and menopausal status (Guglielmi
et al. 2000).

Another area of active research is high-resolution
peripheral QCT (HR-pQCT), that allows accurate and
precise 3D evaluation of vBMD, quantitative trabec-
ular structure analysis of the distal radius and also a
separate assessment of cortical and trabecular BMD,
although with longer scan times and increased like-
lihood of motion artifacts (Boutroy et al. 2008;
Sornay-Rendu et al. 2009). The advancement of
techniques allowing assessments of cortical bone is
important. Indeed, non-vertebral fractures are a
significant cause of morbidity and mortality in oste-
oporosis, and cortical bone can account for a signifi-
cant amount of the likelihood for fracture in the
peripheral skeleton. On the other hand, occurrence of
a forearm fracture increases the risk of future hip,
spine, and forearm fractures (Cuddihy et al. 1999).
This is of particular importance if one thinks that
although they are accepted as a major fracture type,
forearm fractures remain under-recognized and
under-treated as osteoporosis-related fractures
(Endres et al. 2007). Spadaro et al. (1994) evaluated
the contributions of the cortical and trabecular
compartments to bone strength at the radius and found

that the cortical shell contributes substantially to bone
strength.

The structure or spatial arrangement of bone at the
macroscopic and microscopic levels is thought to
provide additional, independent information on
mechanical properties and may help to better predict
fracture risk and assess response to drug intervention.
Boutroy and colleagues (Boutroy et al. 2005) gave the
first indication that peripheral trabecular structure
assessment is indeed useful to differentiate women
with an osteoporotic fracture history from controls
better than DXA at hip or spine. Khosla and
colleagues (Khosla et al. 2006a; Khosla et al. 2006b)
examined age- and sex-related bone loss cross-
sectionally and speculated as to the different patterns
of bone loss in men and women.

3.4 Quantitative Ultrasound

Quantitative sonography methods have been intro-
duced in recent years for the assessment of skeletal
status in osteoporosis (Guglielmi et al. 2009). QUS
involves generating ultrasound impulses that are
transmitted (transversally or longitudinally) through
the bone under study. The frequency range employed
in QUS of bone lies between 200 kHz and 1.5 MHz.
The ultrasound wave is produced in the form of a
sinusoid impulse by special piezoelectric probes, and
is detected once it has passed through the medium;
there are two distinct probes, emitting and receiving,
and the skeletal segment for evaluation is placed
between them (Guglielmi and de Terlizzi 2009).

The first ultrasound parameters employed for
characterizing bone tissue were: Speed of Sound
(SoS) and Broadband Ultrasound Attenuation
(BUA). More complex parameters have been
developed from combination of SoS and BUA:
Amplitude Dependent Speed of Sound (AD-SoS),
stiffness, Quantitative Ultrasound Index (QUI)
(Gluer and the International Quantitative Ultrasound
Consensus Group 1997; Guglielmi et al. 2003). The
technique is usually applied at the calcaneus, tibia,
and phalanges, but has also been used at the patella
and distal radius (Gnudi et al. 2000). The phalanx is
a long bone consisting of a trabecular component
and a cortical component, the principal determinant
of the mechanical resistance of the bone. The
phalanx is measured by QUS at the metaphyseal site,
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where both trabecular (at about 40%) and cortical,
bones are present. The metaphysis of the phalanx is,
moreover, characterized by a high bone turnover
and, therefore, extremely sensitive to changes in
skeletal status due to natural causes (growth and
aging), metabolic diseases (e.g., hyperparathyroid-
ism), or drug-induced effects (treatment with gluco-
corticoids). When measurements are performed at
the radius site, propagation occurs mainly along the
external surface of the bone, and thus provides
information mostly of cortical bone.

The European multi-center study (PhOS) (Wüster
et al. 2000), performed on over 10.000 women,
provided clinical validation of QUS at the phalanx.
In this study the method could identify osteoporotic
subjects with vertebral or hip fractures. Guglielmi

et al. (1999) found no significant differences between
phalangeal QUS and X-ray densitometric BMD
methods (DXA and central QCT) in separating nor-
mal from osteoporotic subjects when using ROC
analysis (Fig. 4). Hartl et al. (Hartl et al. 2002)
showed that the diagnostic performance of QUS at the
calcaneus and the phalanx were comparable with
central DXA in assessing subjects with osteoporotic
vertebral fractures. Krieg et al. (2003) studied an
elderly (70–80 years) Swiss population, to assess the
ability of QUS at the calcaneus and phalanx in
discriminating subjects with, and without, hip frac-
ture. An interesting Italian study demonstrated that
QUS at the phalanx is more sensitive in discriminat-
ing subjects with, and without, vertebral fractures
immediately post-menopause, prior to the age of

Fig. 4 Quantitative
ultrasound at hand phalanges
showing the different graphic
traces in a normal subject and
osteoporotic patient
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70 years, whereas QUS at the calcaneus is more
sensitive in the subsequent period, at the age of
70 years and older (Camozzi et al. 2007).

Even if clinical studies demonstrated positive and
statistically significant correlations between results
from QUS and photon bone densitometric method,
this is not sufficient to predict central BMD from QUS
(Wüster et al. 2000; Guglielmi et al. 1999; Schott
et al. 1995). These observations demonstrate that
QUS cannot replace photon absorptiometric bone
densitometry, but the two techniques can provide
complementary information to improve estimates of
vertebral fracture risk: low QUS values must be
considered as a factor in fracture risk assessment
which is independent of BMD and, therefore,
emphasizes the clinical importance of QUS in
appropriate clinical situations. Anyway, it is impor-
tant to note that the WHO definition of osteoporosis
based on densitometry terms (T-score of -2.5 or less)
is not applicable to QUS. On the other hand, QUS for
the study of post-menopausal osteoporosis is now
completely validated: scientific societies of several
European countries have included bone QUS in their
national guidelines for the diagnosis and management
of osteoporosis, particularly for the evaluation of
fracture risk in post-menopausal women (National
Osteoporosis Society 2002; Schattauer GmbH 2006).
Ultrasound velocity has also been applied to monitor
changes and response to treatment in women with
osteoporosis. In particular, some studies show that
treatment with alendronate (Ingle et al. 2005),
raloxifene (Agostinelli and de Terlizzi 2007), and
teriparatide (Gonnelli et al. 2006) can be monitored
using phalanx QUS.

3.5 Magnetic Resonance

Magnetic resonance (MR) offers alternative ways of
assessing skeletal properties. Trabecular bone is not
visualized at MR imaging so that a trabecula appears
as a signal void, surrounded by high-intensity fatty
bone marrow. This signal void is due to the very short
T2 relaxation time of bone and to the bone marrow
interface (Link et al. 1999; Guglielmi et al. 2003).
Due to technical advances, like optimized coil design,
fast gradients and high field strength, clinical MR
scanners provide an in vivo spatial resolution close to
the diameter of a single trabecula (Sell et al. 2005;

Wehrli 2007). Moreover, with the advent of parallel
imaging, motion correction techniques and new
sequences, the limits of spatial resolution and scan
time can be further overcome (Banerjee et al. 2006;
Techawiboonwong et al. 2005). Most in vivo studies
focused on peripheral skeleton because the distal
radius, distal tibia and the calcaneus are easily
accessible with small coils, contain a high number of
trabeculae and the bone marrow consists of fat,
resulting in high bone–bone marrow contrast. Each
stage needs to be standardized to ensure a high degree
of reproducibility (Newitt et al. 2002). On the other
hand, the processing of high-resolution MR (HR–MR)
images generally consists of several stages (registra-
tion, segmentation, resolution enhancement and
normalization or binarization), before measures of the
trabecular architecture can be evaluated (Wehrli
2007; Newitt et al. 2002) (Fig. 5). The efficiency of
these techniques was evaluated in terms of repro-
ducibility (2–4%), (Gomberg et al. 2004) and differ-
ent approaches have been applied successfully in
several cross-sectional, and recently in longitudinal,
studies (Wehrli et al. 2001; Majumdar et al. 1999;
Cortet et al. 2000). MR imaging aims to quantification
of the trabecular bone architecture trough five types of
measures (describing scale; shape and orientation of
the trabeculae; connectivity or complexity of the
trabecular network and finite element models—FEM)
directly characterizing mechanical properties.

Many Authors studied performances of MR in
studying trabecular structure at distal radius and
phalanges. Stampa et al. (2002) used phalanges, a
convenient anatomic site particularly suitable for

Fig. 5 High-resolution MR of the radius allows quantification
of the trabecular bone architecture (scale, shape, orientation,
connectivity and finite element models of the trabeculae)
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obtaining high signal-to-noise and high-spatial
resolution images, to derive quantitative three-
dimensional parameters based on an algorithm and
model for defining trabecular rods and plates. To date
the quantification of trabecular bone architecture by
HR–MR imaging at distal radius aimed to assess the
prevalence and incidence of osteoporotic fractures
(Majumdar et al. 1999; Cortet et al. 2000; Majumdar
et al. 1997). Early studies suggested that MR-based
parameters of the trabecular architecture better sepa-
rate patients with, and without, osteoporotic fractures
compared to BMD (Cortet et al. 2000; Majumdar
et al. 1997). Link et al. (1998), Majumdar et al.
(Majumdar et al. 1997), and Wehrli et al. (Wehrli
et al. 1998; Wehrli et al. 2001; Wehrli et al. 2002)
have shown the ability to discriminate spine and/or
hip fractures using trabecular structure or textural
parameters from in vivo MR images of the radius.
In measuring the effect of pharmacological therapies
for osteoporosis, some studies shows that parameters
of trabecular micro-architecture derived by MR could
better monitor changes due to anti-resorptive treat-
ment than BMD (Chesnut et al. 2005). One of the
early longitudinal studies showed that salmon
calcitonin had therapeutic benefit compared with
placebo in maintaining trabecular micro-architecture
at multiple skeletal sites (Chesnut et al. 2005).

4 Other Metabolic and Endocrine
Disorders

4.1 Acromegaly and Gigantism

These conditions are characterized by excess pro-
duction of growth hormone (GH) due to acidophilic
adenomas of the anterior lobe of the pituitary gland or
from diffuse hyperplasia of the acidofilic cells. GH
excess, which can arise in children (gigantism) or in
adult (acromegaly), leads to an overgrowth of bone in
the skeleton. In the immature skeleton the disease is
associated with extreme height and a large skeleton
with normal bone age. In the mature skeleton, after
physeal closure, excessive GH production causes an
increase in width of bone and soft tissue enlargement
manifested particularly in the acral parts of the
skeleton.

Radiographic manifestations of the hand in
patients with acromegaly include soft tissue thicken-
ing of the digits, osseous enlargement and increased
width by means of thickening and squaring of the
phalanges and metacarpal bones, overconstrictions or
overtubulation of the shafts of the phalanges with
normal or increased cortical thickness, widening of
the articular spaces due to thickening of the articular
cartilage, bone proliferation at tendon and ligament
attachment site (enthesopathy) (Fig. 6).

In diagnosing early acromegalic changes some
indexes have been proposed. Among them the sesa-
moid index, proposed by Kleinberg et al. (1966).
According to this method, the size of the medial
sesamoid at the first metacarpophalangeal joint is
measured. This index has, however, a limited
reliability because of the significant overlap in
measurements in acromegalic patients and controls.
Besides bone proliferation, bone resorption can
associate (Resnick 1995), leading to a decreased bone
density, particularly in the late stages of disease
(Sartoris 1971). In addition, osteoarthritis usually
complicates the disease (Resnick 1995).

Fig. 6 Acromegaly showing bony overgrowth, joint widening,
metacarpal hooking, and arrow-head terminal tufts
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4.2 Hypopituitarism

Hypopituitarism can arise from many causative
factors (neoplasms, surgery, irradiation, injury, vas-
cular insult, infection, and granulomas of the pituitary
gland or the hypothalamus). Familial pituitary defi-
ciency is reported in 10% cases. Isolated GH defi-
ciency during the period of skeletal growth leads to
abnormality of osseous development as a delay in
appearance and growth of ossification centers and a
similar delay in their fusion and disappearance
(Resnick 1995). Radiographic manifestations in the
hand include shortening and broadening of the
metacarpal bones and distal phalanges or, less
commonly, a hypoplastic appearance of the distal
phalanges, metaphyseal irregularity, flattening and
absence of closure of the physes, and severe osteo-
porosis. Open epiphyses may be observed in the distal
portions of the radius and ulna (Resnick 1995).

4.3 Thyroid Disorders

Thyroid hormone increases bone remodeling
(Mosekilde et al. 1990). In cases of excessive thyroid
hormone, osteoclastic activity predominates on
osteoblastic one, with resultant bone resorption. In the
hand, hyperthyroid osteopathy leads to bone loss that
is manifested as a lattice-like appearance in the pha-
langes, and ‘‘flaky’’ cortices due to radiolucent intra-
cortical striations (Resnick 1995). In hypothyroidism,
bone abnormalities are more evident in neonates,
children, and young adults, and result in retardation of
skeletal maturation with subsequent retardation in
growth. Delayed appearance and growth of epiphyseal
ossification centers, and abnormality of physeal
development accompanied by delayed physeal closure
are observed. In the hand, arrest in growth is mani-
fested as shortening and widening of the metacarpal
bones, which present endosteal cortical thickening
(Fig. 7) (Steinbach et al. 1975). Hypoplastic phalanges
of fifth finger may be seen (Sartoris 1996). In affected
epiphyses, ossification proceeds from multiple centers
rather than from a single site (pseudoepiphyses).
Abnormal epiphiseal ossification results in a charac-
teristic irregular ad fragmented epiphyseal appearance
recognized as epiphyseal dysgenesis (Borg et al. 1975;
Parker 1981).

4.4 Hyperparathyroidism

Hyperparathyroidism, a clinical condition character-
ized by an elevation of serum parathyroid hormone
concentration, may be primary, secondary, or tertiary.
In primary hyperparathyroidism, hypersecretion of
parathyroid hormone is due to abnormality in the
parathyroid glands (single or multiple adenomas, dif-
fuse hyperplasia, and carcinoma). Secondary hyper-
parathyroidism usually is secondary to chronic renal
disease, or occasionally, malabsorption states. Tertiary
hyperparathyroidism occurs in patients with chronic
renal disease and secondary hyperparathyroidism who
develop autonomous parathyroid function.

The hand is almost always involved in hyper-
parathyroidism. Subperiosteal bone resorption is most
frequently observed along the radial aspect of the
phalanges, particularly in the middle phalanges of the
index and middle fingers (Fig. 8) (Resnick 1995).

Fig. 7 Hypothyroidism (cretinism) in a child. There is
retarded skeletal maturation with shortening of the metacarpals
and squaring of the epiphyses
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Subperioteal bone resorption involves the phalangeal
tufts as well, where loss of the cortical ‘‘white line’’
represents the earliest sign of the disease progressing
to acro-osteolysis (Sundaram et al. 1979). Intracorti-
cal resorption always associates (Meema and Meema
1972) leading to development of pseudoperiostitis
(Resnick 1995). Owing to rapid or severe bone loss
multiple intracortical, radiolucent areas, in the form of
linear striations or tunneling, may be observed in the
metacarpal bone and appear more evident in the
cortex of the second metacarpal bone (Meema and
Meema 1972). In the hand, osteoclastic resorption
occurs along the endosteal surface of bone causing
localized scalloped or pocket-like defects along the
endosteal margin of the cortex. In children with pri-
mary or secondary hyperparathyroidism, irregular
radiolucent areas may be apparent in the metaphysis
adjacent to the growth plate of tubular bones of the
hand (Resnick 1995). In the hyperparathyroid state,
osseous resorption may occur at sites of tendon and
ligament attachment to bone also at the hand and the
wrist (Resnick 1995). Trabecular resorption within
medullary bone, particularly in the advanced stages of
the disease, may involve the tubular bones of the hand
that assume a characteristic granular appearance, with
loss of distinct trabecular detail, and subsequent
osseous deformities that may simulate the changes of
osteomalacia (Resnick 1995). Brown tumors are also

included among the radiographic manifestations of
hyperparathyroidism and represent localized
accumulations of osteoclasts, fibrous tissue, and giant
cells, which can replace bone and occasionally
produce osseous expansion. They appear as single or
multiple well or poorly demarcated osteolytic lesions
with an eccentric or cortical location (Resnick 1995).
A prominent radiographic feature of hyperparathy-
roidism is generalized osteopenia. Nevertheless, as
hyperparathyroidism may induce either bone resorp-
tion or formation, increased radiodensity of bones
may become a prominent radiographic feature. There
is a meaningful association between primary hyper-
parathyroidism and CPPD crystal deposition that may
lead to the pseudogout syndrome. Renal osteodys-
trophy is the clinical term indicating bone disease in
patients with chronic renal failure. The radiographic
manifestations of renal osteodystrophy reflect hyper-
parathyroidism and deficiency of 1,25-dihydroxyvi-
tamin D, rickets and osteomalacia, osteoporosis, soft
tissue and vascular calcifications, and miscellaneous
changes (Fig. 9) (gout arthritis due to hyperuricemia).
Lytic, expansile lesions, the so-called brown tumor
may occur in the long bones of the hand and will

Fig. 8 Hyperparathyroidism.
There is subperiosteal
resorption along the middle
phalanges with terminal
phalangeal resorption (acro-
osteolysis)

Fig. 9 Secondary hyperparathyroidism in an adult with
chronic renal disease. a There is subperiosteal resorption along
the phalanges, terminal phalangeal resorption with soft tissue
and vascular calcification. b After successful renal transplan-
tation the resorption has resolved as has the soft tissue but not
the vascular calcification. The terminal phalanges remain
stunted
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mimic a giant cell tumor both radiographically and
histologically (Fig. 10). They are commoner in
patients with chronic renal disease because of the
larger numbers of patients surviving on dialysis and
that most cases of primary hyperparathyroidism are
now detected on serum biochemistry.

4.5 Rickets and Osteomalacia

The terms rickets and osteomalacia refer to the same
condition manifesting in the child and adult, respec-
tively. The commonest cause worldwide is inadequate
dietary intake of vitamin D. Other causes include
inadequate sunshine, malabsorption states, anti-epi-
leptic drug therapy, renal disease and rarely tumur
related. This results in inadequate or delayed miner-
alization of osteoid in mature cortical and spongy
bone (osteomalacia) and from an interruption in
orderly development and mineralization of the growth
plate (rickets) (Resnick 1995). As rachitic changes are
more evident in regions of the most active bone
growth, target sites of rickets include the distal ends
of ulna and radius (Park 1932). General radiographic
features of rickets include retardation in bone growth
and osteopenia. Slight axial widening of the physis
represents the earliest specific radiographic finding
(Steinbach and Noetzli 1964). Disorganization
and ‘‘fraying’’ of the spongy bone occur in the
metaphyseal region, which eventually demonstrates
widening and cupping (Fig. 11) (Resnick 1995).
In the hand of the rachitic children, irregularities and
widening of the physes seen in the metacarpals and
phalanges also may be associated with bone resorp-
tion. In osteomalacia medullary bone shows a
decrease in the total number of trabeculae, owing to a
loss of secondary trabeculae. The remaining bone
trabeculae are prominent and present a ‘‘coarsened’’
pattern with unsharp margins reflecting deposition of
inadequately mineralized osteoid. Looser’s zones,
typical of osteomalacia elsewhere in the skeleton, are
uncommon in the hands.

4.6 Hypoparathyroidism

Hypoparathyroidism is a general term describing a
clinical state of parathyroid hormone deficiency,
which results in hypocalcemia and neuromuscular

Fig. 10 Brown tumor in a patient with chronic renal disease.
There is a pathological fracture developing through a lytic
expansile lesion in the distal end of the metacarpal. There are
features of hyperparathyroidism affecting the phalanges
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dysfunction. It can have many causes like surgery,
congenital absence or atrophy of the parathyroid
glands, and parathyroid gland destruction after radi-
ation. The major radiographic manifestations of
hypoparathyroidism are osteosclerosis, which may be
generalized or localized, and soft tissue calcification.
In the hand, radiographic findings of hypoparathy-
roidism are usually subtle and represented by subcu-
taneous, ligamentous and tendinous calcifications,
premature fusion of the physes, entsopathy, and
osteoporosis (Resnick 1995).

Pseudohypoparathyroidism (PHP) or Albright’s
hereditary osteodystrophy, is a congenital disorder
characterized by hypocalcemia and hyperphosphate-
mia. Pseudopseudohypoparathyroidism (PPHP) is the
normocalcemic form of PHP and is also caused by

failure and end-organ response to parathyroid
hormone. In the hand, radiographic findings of PHP
and PPHT include shortening of the metacarpal bone
and phalanges secondary to premature physeal
closure, widening and shortening of the phalanges
with presence of cone-shaped and pseudo-epiphyses,
soft tissue calcification, and small diaphyseal
exostoses that extend perpendicularly from the
surface of the bone (Fig. 12). In most cases of PHP
and PPHP, metacarpal shortening shows predilection
for the first, fourth, and fifth rays and may lead to a
positive metacarpal sign (the line drawn tangential to
the heads of the fourth and fifth metacarpal bones
intersects the end of the third metacarpal bone,
indicating disproportionate shortening of the fourth
and fifth metacarpal bones).

Fig. 11 Rickets. a In a young child there is generalized
osteopenia with cupping, splaying, and fraying of the distal
radial and ulnar metaphyses. b In an adolescent the only

abnormalities are generalized osteopenia and relative deminer-
alization of the distal radial and ulnar metaphyses
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4.7 Scurvy

Scurvy is due to a deficiency, typically dietary, of
vitamin C (ascorbic acid) which leads do a reduction
in collagen formation in bone. The radiographic fea-
tures include generalized osteopenia, thinned cortices
with sparse trabeculae, dense metaphyseal line with
an adjacent lucent line, metaphyseal spurs (Pelkan
spurs) and finely pencilled dense epiphyseal margins
(Wimburger’s sign). Capillary fragility may lead to
subperiosteal hemorrhage that in time may heal with
exuberant periosteal ossification. All these features
are more commonly seen in the lower limbs than the
hand or wrist.

5 Conclusions

Several metabolic and endocrine disorders cause
skeletal involving of hand and wrist. Among them
osteoporosis is the most common metabolic bone
disease. Besides traditional methods (conventional
radiographs), new interesting techniques are
developing and appear promising in the evaluation

of peripheral osteoporosis. Many studies evaluate
DXA application at distal radius; pQCT demon-
strates promising results in studying bone microar-
chitecture thanks to new technologies like vQCT
and HR-QCT; QUS are proving to be very useful in
the evaluation of bone properties and showed good
performances with respect to DXA; finally, HR-MR,
on the basis of sophisticated software, is becoming a
new challenging technique in the assessment of tra-
becular structure. Other metabolic and endocrine
conditions may manifest with radiographic
abnormalities in the hands including rickets and
hyperparathyroidism.

6 Key Points

• Osteoporosis and other several metabolic and
endocrine disorders cause skeletal involving of
hand and wrist.

• DXA is the gold standard for measuring BMD in
the axial skeleton, as defined by WHO.

• pDXA as well as pQCT are the methods of choice
in the evaluation of peripheral osteoporosis.

• QUS is a useful tool in the evaluation of bone
properties.

• vQCT, HR-QCT, and HR-MR, on the basis of
sophisticated software, are challenging techniques
in the assessment of trabecular structure.
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Abstract

Joint involvement in the hand and wrist is a feature of
many forms of arthritis and because multiple joints are
included, a view of both hands and wrists can provide
importantdiagnostic information based on thepattern of
disease involvement, even before the actual appear-
ances of the changes are considered. Although for the
mostpart this chapter focuses on plain filmappearances,
advanced imaging modalities, particularly ultrasound
(US) and MRI, are increasingly finding applications in
themainstreamclinical imaging ofhandarthritis andare
discussed in the appropriate sections.

1 Introduction

Joint involvement in the hand and wrist is a feature of many
forms ofarthritis and because multiple jointsare included, a
view of both hands and wrists can provide important
diagnostic information based on the pattern of disease
involvement, even before the actual appearances of the
changes are considered. Although for the most part this
chapter focuses on plain film appearances, advanced
imaging modalities, particularly ultrasound (US) and MRI,
are increasingly finding applications in the mainstream
clinical imaging of hand arthritis and are discussed in the
appropriate sections.

2 The Inflammatory Arthritides

The inflammatory arthritides include rheumatoid
arthritis (RA), the seronegative arthritides and juvenile
inflammatory arthritis (JIA). While it is recognised that
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osteoarthritis (OA) has an inflammatory variant, the
features of this condition will be discussed separately.

The management of inflammatory arthritis has
changed dramatically in recent years with the advent of
powerful biological therapies which, if instigated early,
can prevent the severe joint destruction that used to be
commonly seen. The use of such drugs means that
imaging plays an increasingly important role in the
management of these diseases. While CR shows
characteristic features of inflammatory arthritis, these
represent late findings in the disease process and the
use of advanced imaging techniques is becoming more
common as they allow early diagnosis before irre-
versible joint damage has occurred. Nevertheless CR
continues to play an important role in the diagnosis and
characterisation of hand and wrist arthritis and usually
forms the initial imaging study.

2.1 Plain Film General Principles

The subtle changes seen in early inflammatory
arthritis require high quality radiographs reviewed in
optimal lighting conditions. The use of digital radio-
graphic techniques is now prevalent and has been
shown to provide similar accuracy to film-screen
techniques in the diagnosis of arthritis (van der Jagt
et al. 2000; Jonsson et al. 1994). Additional advan-
tages over conventional films exist for the reader such
as on-screen magnification and windowing (Paskins
and Rai 2006).

A systematic approach to the review of the hand
and wrist radiograph for arthritis is required. Impor-
tant features to identify are:
• soft tissue swelling
• joint space loss
• bone changes

– erosion
– osteopaenia
– enthesitis

• bone alignment.
Finally the distribution of joint disease provides

important information when forming a differential
diagnosis.

2.1.1 Soft Tissue Swelling
Soft tissue swelling is usually the earliest sign on CR
of an inflammatory arthritis. It represents synovial
hypertrophy, oedema in the adjacent soft tissues and

joint effusion. When seen at the interphalangeal joints
the swelling has a symmetrical spindle shape about the
joint. This pattern of soft tissue swelling contrasts with
that seen in gout which tends to show a more irregular
asymmetrical ‘lumpy’ appearance. At the metacarpo-
phalangeal (MCP) and wrist joints the soft tissue con-
tour may not be significantly displaced and it is often
the appreciation of an increased density to the periar-
ticular soft tissues and effacement of the fat planes that
suggests the presence of joint disease. At the MCP
joints soft tissue swelling can be extremely subtle and it
is useful to look for loss of the fat planes normally seen
between the joints (Fig. 1). In the wrist the normal fat
planes adjacent to the scaphoid and ulnar styloid are
sensitive sites for the detection of soft tissue swelling.

2.1.2 Alteration in Joint Space
Loss of joint space as a result of cartilage destruction
is a characteristic feature of many joint diseases. In
inflammatory arthritis joint space loss is typically
uniform, across the joint. In many joints this is helpful
in distinguishing inflammatory from OA, which typ-
ically shows non-uniform joint space loss. However,
it is less useful in the hands where the interphalangeal
and MCP joints in both forms of arthritis can show
uniform joint space loss.

As with soft tissue swelling joint space loss is an
early plain film feature of inflammatory arthritis, but
while soft tissue swelling can be subtle, the recogni-
tion of joint space loss is generally more straightfor-
ward (Fig. 1). It is important to recognise that once
joint space loss is identified irreversible damage has
occurred to the joint. So while it is an early plain film
feature, it still represents a relatively late stage in the
whole disease process.

Detection of joint space loss in the hands and wrists is
usually straightforward because joint space can be easily
compared to other similar joints on the radiograph. It is
important to recognise that the joints between the carpal
bones normally all show similar spaces. The observation
of preserved joint space, in a joint which otherwise
shows evidence of significant arthropathic change, is an
important one and may help with the differential diag-
nosis. In particular gout characteristically preserves
joint space until late in the disease.

In severe arthritic change bony ankylosis may occur.
This is most commonly seen in the seronegative
arthritides and in juvenile arthritis and represents end
stage disease. Ankylosis may be bony or fibrous.
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Occasionally widening of the joint space may be
seen in arthritis. This is rare and is usually the result
of a tense effusion distending the joint and separating
the bones.

2.1.3 Bone Changes

Osteopaenia

Periarticular osteopaenia is a well-recognised feature
of some inflammatory arthritides but is perhaps the
most difficult to reliably identify. It may be more
obvious in cases of mono or pauciarticular joint
involvement, where other joints are clearly normal for
comparison, but can be more difficult to appreciate
when there is polyarticular disease as is often the case
in the inflammatory arthritides. Appearances can also
be difficult to interpret if there is an element of gen-
eralised disuse osteoporosis. Often it is easier to
identify that there is no evidence of osteopaenia, and
this in itself is a useful observation when forming a
differential diagnosis.

Erosion

Bone erosion is a hallmark of inflammatory arthritis
and a sign of significant joint damage. Erosions can be
subdivided into proliferative and non-proliferative
erosions. Proliferative erosions are associated with new
bone formation and are classically a feature of enthe-
seal disease as discussed below. Non-proliferative

erosions are a feature of seropositive (rheumatoid)
arthritis. The distinction between these two types of
erosion is an important one in the differentiation of
seropositive and seronegative arthritis.

Erosions can be described by their relationship to the
joint and can be categorised as central, marginal or juxta-
articular. Marginal erosions occur at the edge of the joint
line and involve the exposed bone between the edge of
the articular cartilage and the joint capsule. They are a
classical feature of RA. Central erosions occur, as their
name suggests, into bone normally covered by the
articular cartilage. They are less common and are clas-
sically seen in inflammatory (erosive) OA. Juxta-artic-
ular erosions occur further away from the joint and are
typically seen in gout. They have characteristic features
that are discussed later (see Sect. 3.1.1).

Erosions are seen as a discontinuity in the cortex of
a bone. However, this is only the case when the
eroded cortex is seen in profile on the radiograph.
While this is frequently the case in the finger joints,
wrist erosions are often seen en-face if they lie on the
palmar or dorsal aspect of the carpal bones. En-face
erosions are seen as focal lucencies within the bone
without associated cortical breach and may be indis-
tinguishable from cysts. The improved detection of
these erosions, particularly when small, is one of the
reasons cross-sectional imaging techniques such as
US and MRI have a much greater sensitivity to ero-
sive change than CR.

Fig. 1 Rheumatoid arthritis: there is joint space loss demon-
strated at the middle, ring and little MCP joints. This is made
more apparent by the relative preservation of joint space at the
thumb and index MCP joints. There is also soft tissue swelling
which is best appreciated at the index and little MCP joints

(arrowheads). The joint space swelling at the MCP joints can
also be appreciated by the loss of the normal fat plane between
the joints. There is also malalignment of the MCP joints with
ulnar deviation
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Entheseal Disease

Enthesitis is a characteristic feature of the seronega-
tive arthritides. Entheses represent the bony attach-
ment sites of ligaments, tendons and capsule. On plain
film imaging the important bone changes that can be
visualised in enthesitis are enthesophyte formation
and erosion. Enthesophytes, which develop at, or
immediately adjacent to the site of an enthesis are
seen as bone proliferation. They may have a coarse
appearance, with both cortical and medullary bone
being apparent, or may have a finer ‘whisker’ like
appearance.

MRI demonstrates intra-osseous bone changes, in
enthesitis in the form of high T2 (oedema like) signal
in the bone adjacent to the enthesis. MRI and US also
show changes in the soft tissues about the enthesis
including bursitis and alteration in the appearance of
the ligament or tendon inserting at the affected
enthesis. These will only be detected on plain films if
there are adjacent fat planes that become effaced by a
thickened tendon, or enlarged bursa.

2.1.4 Bone Alignment
Joint malalignment is a feature of many arthropathic
processes and results from a variety of causes (Fig. 1).
These include ligament degeneration or disruption,
tendon rupture or subluxation, cartilage loss and bone
attrition or erosion. In most cases the malalignment
will be apparent clinically and may even be less
apparent on the radiograph in the case of reversible
subluxations, such as are seen with SLE, as the act of
positioning the patient for the radiograph reduces the
subluxation.

2.2 Rheumatoid Arthritis

The aetiology of RA remains unknown, but it is
recognised that it is a chronic autoimmune disorder
with the potential to affect multiple systems and has an
incidence of approximately 1%. Women are more
frequently affected than men and the joint disease is
characterised by a polyarticular synovitis. The syno-
vitis is initiated by cytokines including interleukin-1
and tumour necrosis factor (TNF) and occurs early in
the disease process (Arend 2001). The later stages of
the disease involve joint destruction as a result of bone
erosion and cartilage loss. Synovitis is considered to be
a strong predictor of bone erosion (McGonagle et al.

1999; McQueen et al. 1999). The majority of patients
have polyarticular involvement at presentation
although occasionally patients may present with single
joint involvement. The hands and wrists are commonly
affected and radiographs of the hand and wrist provide a
valuable tool in being able to assess multiple joints in a
single examination. In addition to joint involvement,
synovitis may involve the tendon sheaths and rheu-
matoid nodules may occasionally be seen in the hands.

The clinical, and consequently radiological, pic-
ture of RA has changed over recent years due to
dramatic advances in the way RA is treated clinically.
Management now involves the use of powerful bio-
logic agents, which can arrest joint damage early in
the disease process preventing the development of the
severely mutilated joints that were seen previously on
CR (Villeneuve and Emery 2009). However, the
effective use of these new treatments requires the
early diagnosis of the disease, before plain film
changes are evident. Increasingly US and MRI are
finding roles in routine clinical practice for this pur-
pose. Despite this plain films of the hands and wrists
remain widely used in the diagnosis and management
of the disease; and the need to detect early and subtle
changes of RA is greater than ever. The hallmarks of
RA on plain film imaging are soft tissue swelling,
periarticular osteopaenia, joint space loss, erosion and
malalignment. The classical plain film appearance of
RA in the hands and wrists is of a symmetrical pol-
yarthritis with a proximal distribution typically
involving the wrists, MCP and proximal interpha-
langeal (PIP) joints. Characteristically the distal
interphalangeal (DIP) joints are spared providing an
important distinguishing feature from OA and psori-
atic arthritis.

2.2.1 Soft Tissue Changes and Bone Density
The earliest plain film changes are soft tissue swelling
and periarticular osteopaenia. At the MCP and PIP
joints the soft tissue swelling is appreciated as spindle
shaped thickening of the soft tissues developing
symmetrically about the joint (Fig. 1). In the wrists,
early changes of soft tissue swelling are best appre-
ciated along the ulnar border of the joint and medial
to the ulnar styloid and can be detected early by the
loss of the normal fat planes (Fig. 2). As discussed
above periarticular osteopaenia can be a difficult
sign to evaluate, particularly with the polyarticular
involvement seen in RA.
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2.2.2 Joint Space Loss
As the disease progresses symmetrical joint space loss
at involved joints becomes apparent (Fig. 1). In the
wrist, the radiocarpal joint is usually the site where
this is appreciated first, but with time the whole wrist
becomes involved (Fig. 3). This is in contrast to OA
with its classical isolated involvement of the thumb
base in a trapeziocentric distribution.

2.2.3 Erosion
The earliest ‘pre-erosive’ changes of RA are typically
seen on the radial aspect of the index and middle meta-
carpal heads (Fig. 4). Initially, cortical thinning devel-
ops, which then progresses to a ‘skip’ pattern or a ‘dot-
dash’ type of deossification associated with localised
osteopaenia. Subsequently, frank bone erosion is seen.
Erosions in the finger joints are usually marginal in
location, being seen in the first instance at sites within the
joint that are unprotected by overlying articular cartilage
(Fig. 5). In the wrist the earliest sites for erosion are
typically along the ulnar aspect of the joint, on the ulnar
styloid, trapezium and hamate (Figs. 3, 6). While ero-
sion occurs at this site as a result of synovial proliferation
on the ulnar aspect of the wrist joint, an important factor
is also tenosynovitis of the extensor carpi ulnaris, an
early site of soft tissue disease.

Cystic forms of RA have been described where
cystic change develops, generally in the carpal bones,
without radiographic or MRI evidence of erosion
(Gubler et al. 1990). A form of the disease featuring
large cystic areas, typically occurring in active men
has been termed ‘rheumatoid arthritis of the robust
reaction type’ (Fig. 7) (De Haas et al. 1974). Using
CR it is not possible to reliably distinguish between
cysts and en-face erosions, which also commonly
occur in the carpal bones.

It is important to appreciate that erosive change is a
dynamic process and involves healing as well as bone
destruction. This can be appreciated on serial films where
healing of erosions may be seen (Fig. 8). It also means
that the morphology of erosions changes with the disease
progress. In the later chronic stages of the disease, ero-
sions become more clearly delineated with the develop-
ment of sclerotic borders at the interface between the sites
of bone destruction and healing (Fig. 9).

2.2.4 Malalignment and Ankylosis
Tendon and ligamentous dysfunction along with bone
erosion results in deformity and malalignment in the later
stages of the disease. ‘Boutonniere’ deformity describes a

Fig. 2 Rheumatoid arthritis: there is soft tissue swelling about
the distal ulnar seen as deviation of the fat planes (arrowheads).
Note also the erosive change seen for example in the ulnar
styloid, radial styloid and 2nd metacarpal base

Fig. 3 Rheumatoid arthritis: there is joint space narrowing
between the carpal bones and at the radiocarpal joint. The
lucency in the distal radius represents an erosion seen en-face
despite cystic appearance. There is also erosion of the ulnar
styloid with soft tissue swelling. Note the radial deviation of the
wrist typical of the malalignment pattern seen with rheumatoid
arthritis
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pattern of malalignment produced by flexion of the PIP
joint and extension of the DIP joint. This results from
detachment of the extensor tendon from the middle

phalanx, volar displacement and its subsequent action as
a flexor. An opposite deformity referred to as the ‘swan
neck’ deformity is seen as hyperextension of the PIP joint
and flexion of the DIP joint. The cause is thought to be
flexor tenosynovitis and/or synovitis in the PIP joint with
resultant dysfunction of the stabilising effect of the volar
plate. Mallet finger is a less common deformity resulting
from disruption or dysfunction of the extensor tendon’s
action on the terminal phalanx. Ulnar deviation of the
fingers and the radial deviation of the wrist giving a
‘zigzag’ deformity to the hand is typical for RA (Resnick
1976) (Figs. 1, 3, 10). This subluxation of the MCP and
carpometacarpal joints seen in RA is irreversible.

In advanced disease, arthritis mutilans may develop
where bony destruction leads to severe displacement
with ‘telescoping’ of the phalanges. Ankylosis may
also occur in the later stages of the disease. Typically
this involves the wrist with intercarpal and carpomet-
acarpal fusions but less commonly fusion may be seen
at MCP and PIP joints, between the bases of the
metacarpals or between the radius and ulna.

2.2.5 Secondary OA
As a result of the dysfunction of the joints, it is not
uncommon for mechanical OA to develop in the later
stages of the disease. Consequently a combination of

Fig. 5 Rheumatoid arthritis: marginal erosions are seen at the
middle MCP joint (arrows). Note also the joint space loss
compared with the adjacent MCP joints

Fig. 4 Rheumatoid arthritis: early erosive change is seen
along the radial border of this index metacarpal head. There is
localised osteopaenia with a ‘dot-dash’ pattern of deossification
(arrows). Note also the soft tissue swelling

Fig. 6 Rheumatoid arthritis: erosive change is shown in the
bones along the ulnar aspect of the wrist. In addition to erosions
seen in the ulnar styloid, erosion is also seen in the triquetrum,
hamate and base of 5th metacarpal. These represent early sites
for the detection of erosions
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both rheumatoid and OA may be seen in the hands and
wrists, with typical subchondral sclerosis and marginal
osteophyte formation being present alongside the RA
changes described. However, the OA change does not
usually overshadow the features of RA.

2.2.6 Other Soft Tissue Changes
The changes of RA are not confined to the joints and
other synovial tissues may be affected. In the hand and
wrist this is usually the flexor and extensor tendon
sheaths, and the changes here contribute to the dis-
ability and deformities seen with the condition. Sub-
cutaneous nodules are another common feature of the
disease, seen in around 20% of patients. Nodules may
also be seen within tendons and along with the teno-
synovitis may be a cause of triggering. While soft tissue
findings may be manifest as thickening or swelling on
CR, they are better evaluated using US or MRI and will
be discussed in Sect. 2.5 (el-Noueam et al. 1997;
Fornage 1989; Gibbon and Wakefield 1999).

2.3 Seronegative Arthritis

The seronegative arthropathies comprise a group of
multisystem inflammatory arthritides sharing com-
mon features. Chief among these is the characteristic
involvement of the entheses with inflammation clas-
sically seen at the bony insertions of tendons and
ligaments. Other important features are:
(a) an absence of rheumatoid factors,

Fig. 7 ‘Robust’ pattern of
rheumatoid arthritis: this male
patient shows severe bilateral
wrist arthropathy with
involvement also seen at the
index and middle MCP joints
on the right. Note the cystic
changes seen in the wrist and
MCP joints typical of the
pattern of disease, which has
been termed rheumatoid
arthritis of robust reaction
type

Fig. 8 Rheumatoid arthritis: a there are erosions seen at the
MCP joint in both the metacarpal head and proximal phalangeal
base. Two years later b there is evidence of healing of the
erosions on both proximal and distal side of the joint. Despite
this there is progressive joint space loss
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(b) a strong association with the HLA-B27 histo-
compatibility antigen (although it is important to
realise this is not necessary for the development
of these diseases, or required for the diagnosis),

(c) a tendency for axial skeletal involvement.
The CR hallmark of these conditions as they affect

the hand and wrist is the presence of proliferative
erosive change representing erosive entheseal disease.

2.3.1 Psoriatic Arthritis
Hand involvement in the seronegative arthritides
occurs most frequently and characteristically in psori-
atic arthritis. The condition occurs in association with
cutaneous psoriasis and there has often been a long
history of skin psoriasis prior to development of the
arthritis. However, in some cases (reports suggest up to
20%) the arthropathic changes may occur prior to the
onset of the cutaneous disease (Scarpa et al. 1984).
There is considerable variation in the reported inci-
dence of psoriatic arthritis in patients with cutaneous
psoriasis. One study has suggested psoriatic arthritis is

seen in around 7% of patients with cutaneous psoriasis
(Leczinsky 1948), while a more recent British study has
suggested the figure may be as high as 40% (Green et al.
1981). Sacroiliac involvement is seen in 20–40% of
patients and peripheral joint involvement is reported in
around 15% of patients with psoriasis (Green et al.
1981; El-Khoury et al. 1996).

Five clinical subgroups of psoriatic arthritis are
recognised:
1. Involvement of the DIP joints, usually asymmet-

rically often associated with dactylitis.
2. Arthritis mutilans.
3. A pattern of arthritis indistinguishable from RA

but usually with a more benign course.
4. Oligo- (or mono-) arthritis distributed asymmetri-

cally and involving any synovial joint.
5. A pattern of disease the same as ankylosing

spondylitis (which may be associated with any of
the above groups).
It is important to realise that patients with cuta-

neous psoriasis are susceptible to other arthropathies
including RA and OA.

Fig. 10 Rheumatoid arthritis: the patient has severe polyar-
thritis and shows typical malalignment with radial deviation at
the wrist and ulnar deviation at the MCP jointsFig. 9 Rheumatoid arthritis: this patient has long-standing RA

with erosive involvement of multiple joints. Note the sclerotic
margins of many of the erosions which is typical in the chronic
stages of the disease
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In common with the other seronegative arthropathies
thedisease classically involves enthesis sites. It is suggested
that inflammation in the multiple closely related entheseal
sites in a digit is the cause of dactylitis seen in psoriatic
arthritis (Benjamin and McGonagle 2001). The presence of

nail dystrophy among psoriasis sufferers is a significant risk
factor for the development of psoriatic arthritis and evi-
dence suggests this may be because of the intimate rela-
tionship between the nail bed and the enthesis sites of the
DIP joint (Wilson et al. 2009; McGonagle et al. 2009).

The most significant pattern of joint disease seen in
the hands is an erosive arthritis, which has a predomi-
nantly distal distribution with predilection for the DIP
joints. The distal distribution helps distinguish it from
RA, with its typically more proximal joint involvement.
Joint involvement in RA tends to be symmetrical (sim-
ilar joints involved in the two hands) while psoriatic
arthritis tends to show a more asymmetrical distribution.

Soft Tissue Changes and Bone Density

Soft tissue joint swelling is seen as an early but non-
specific radiographic feature of psoriatic arthritis.
When seen global swelling of the digit in the form of
dactylitis ‘sausage digit’, is virtually pathognomonic
of the disease (Fig. 11). Periarticular osteopaenia is
not a feature of psoriatic arthritis and can be useful in
distinguishing it from RA.

Erosion, Bone Proliferation and Resorption

Bone erosion is seen most commonly at the joint
margin and shows an entheseal pattern as discussed in
‘‘Entheseal Disease’’, with fluffy new bone formation
at and adjacent to the erosion site (Figs. 12, 13). As
the erosions develop they lose their initial marginal
location and tend to coalesce. Classically, erosions on

Fig. 11 Dactylitis in psoriatic arthritis: there is diffuse soft tissue
swelling of the index finger with associated arthropathic change

Fig. 12 Early psoriatic arthritis: marginal erosive changes are
seen at the bases of the index and little distal phalanges, but note
also the early enthesophyte formation adjacent to the erosions

Fig. 13 Psoriatic arthritis: there is prominent fluffy entheso-
phyte formation seen both proximal and distal to the distal
interphalangeal joints
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the distal side of the joint merge together centrally to
produce a concavity, which extends laterally as a
result of enthesophyte formation, while the proximal
erosions lead to a tapering of the bone. The effect is to
produce the characteristic ‘pencil in cup’ appearance
considered by some to be pathognomonic of the dis-
ease (Arnett 1987) (Fig. 14).

New bone formation is not confined to the enthesis
sites and periosteal new bone may be seen relatively
early in the disease occurring along the shaft of the
phalanges (Fig. 15). This is frequently associated with
a soft tissue swelling, and is probably related to
tenosynovitis (El-Khoury et al. 1996; Olivieri et al.
1996).

A further feature of the entheseal disease seen on
hand/wrist imaging can be noted at the sesamoid
bones. Sesamoid bones lie within tendons and so a
considerable portion of their surface area represents
enthesis site. It has been noted that the sesamoid bone
of the thumb may enlarge in patients with psoriatic
arthritis giving an increased sesamoid index
(length 9 width of the sesamoid) (Whitehouse et al.
2005).

Bone loss is not limited to periarticular erosion in
psoriatic arthritis and acro-osteolysis (distal tuft
resorption) is a well-recognised feature (Martel et al.
1980; Miller et al. 1971). It can help distinguish
psoriatic arthritis from erosive OA, which may also

cause erosive change at the DIP joints. Progressive
osteolysis of the terminal phalanges may give them
a ‘peg like’ appearance, although osteolysis may
progress to involve the majority of the phalanx
(Figs. 14, 16). When osteolysis is seen there is
usually associated nail involvement. Acro-osteolysis
may be seen in cases of psoriasis without arthritis
(Miller et al. 1971).

Ankylosis

Bony ankylosis is a feature of psoriatic arthritis
occurring later in the disease process (Fig. 14). The
process commences as a result of fibrous tissue
forming within the joint and this can give the
impression of a widened joint space.

2.3.2 Other Seronegative Arthritides
Although hand and wrist involvement is seen in the
other seronegative arthritides it is not as common or
typical as the involvement of the hands in psoriatic
arthritis.

Ankylosing Spondylitis

Ankylosing spondylitis primarily affects the axial
skeleton but peripheral joint involvement is seen and
this may involve hands and wrists (Resnick 1974;
Vinje et al. 1985). Around 30% of patients with
severe disease are reported to show hand and wrist

Fig. 14 Psoriatic arthritis:
there is a severe mutilating
polyarthritis with multiple
subluxations and extensive
erosive change. Note the
‘pencil-in-cup’ pattern of
erosive change seen at the
thumb interphalangeal joints.
There has been extensive
bone resorption, e.g. the right,
little proximal and
intermediate phalanges and
there is bony ankylosis at the
left little distal
interphalangeal joint
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involvement (Resnick 1974). An asymmetrical dis-
tribution is usually seen and features include periar-
ticular osteoporosis, along with joint space narrowing,
proliferative erosions and soft tissue swelling. Enth-
esophyte formation may be seen as part of the
enthesitis (Fig. 17). Involvement may be seen in all
compartments of the wrist and any of the small joints
of the hands. Bony ankylosis may be seen and may
have a relatively rapid onset.

Reactive Arthritis (previously Reiter’s Syndrome)

Classically reactive arthritis involves the small and
large joints of the lower limb, upper limb involvement
is unusual. However, clinical and radiographic chan-
ges do occur in the hands and wrists with radiographic
changes in the wrists being more common than
changes in the hands (Lin et al. 1995; Mason et al.
1959). As with psoriatic arthritis, joint involvement
tends to the asymmetrical. The changes seen in the
hands are similar to those seen in psoriatic arthritis,
with soft tissue swelling, joint space narrowing and
proliferative marginal erosions. There may also be

sesamoid enlargement as a result of the periostitis
(Stadalnik and Dublin 1975). In contrast to psoriatic
arthritis, where DIP joint involvement is most
common, the PIP joints are more frequently involved
in reactive arthritis than the DIP or MCP joints
(Lin et al. 1995). While periarticular osteopaenia is not
a typical feature of psoriatic arthritis, it is more widely
recognised as occurring in the acute phases of reactive
arthritis.

Wrist involvement may occasionally be severe in
reactive arthritis. It can involve any of the wrist com-
partments and is typically asymmetrically distributed
(Mason et al. 1959). Periosteal new bone formation is
seen with erosions, osteopaenia and soft tissue swelling.
Although the new bone formation has a fluffy configu-
ration, more linear new bone may be seen, particularly
alongside the radius and ulnar (Mason et al. 1959).

Arthritis Associated with Enteropathic Disease

Arthritis associated with inflammatory bowel disease is
generally classified with the seronegative arthritides
because the pattern of arthritis is very similar to that seen
in ankylosing spondylitis. While axial involvement

Fig. 15 Psoriatic arthritis: there is fluffy periostitis seen along
the shafts of the proximal phalanges typical of psoriatic arthritis

Fig. 16 Psoriatic arthritis: note the extensive bone destruction
that has occurred about the distal interphalangeal joints. The
cupped appearance to the bases of the distal phalanges is typical
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predominates, 15–20% of patients with inflammatory
bowel disease exhibit a peripheral arthritis, more
frequently seen with Crohn’s disease than ulcerative
colitis (Gravallese and Kantrowitz 1988). Commonly
this involves the wrists (along with the knees, ankles and
elbows) and the condition occurs as transient arthritis.
This is frequently asymmetric and occurrences tend to
parallel flares of the inflammatory bowel disease.
The arthritis is characteristically non-destructive and
while CR may show soft tissue swelling and periartic-
ular osteopaenia, erosions and joint space loss are not
usually seen.

Destructive changes have been reported at
peripheral joints in association with inflammatory
bowel disease, but in this situation the findings are
very similar to RA and distinction may not possible.
Indeed the two conditions may coexist.

Hypertrophic osteoarthropathy has a well-recog-
nised association with pulmonary disease, but there is
also a rare association with inflammatory bowel dis-
ease. HPOA is typically seen as linear periosteal new
bone formation at the wrist, involving the radius and
ulna, but may also involve the metacarpals. There is
some evidence that the periosteal new bone may
fluctuate with the disease activity (Arlart et al. 1982).

Although not generally considered alongside the
other spondyloarthropathies, an asymmetric erosive
arthritis of the hands and wrists with predominantly
distal distribution is recognised as occurring in

association with primary biliary cirrhosis (Mills et al.
1981). Hypertrophic osteoarthropathy is also descri-
bed with this condition.

2.4 Juvenile Idiopathic Arthritis

Juvenile idiopathic arthritis (JIA) is the term given to
a heterogeneous group of conditions beginning in
childhood and involving inflammation in one or more
joints. By definition the term encompasses all forms
of arthritis beginning before the age of 16 and
persisting for more than 6 weeks when other known
conditions have been excluded. The most recent
classification has been determined by the Interna-
tional League of Associations for Rheumatology
(ILAR) and unifies different classifications which
previously existed in North America and Europe
(Petty et al. 2004). Seven categories of JIA are
recognised in the current classification (Table 1)
(Petty et al. 2004; Ravelli and Martini 2007). The
classification system is not without controversies and
further developments may well occur (Ravelli and
Martini 2007).

Early in the disease soft tissue swelling and oste-
opaenia may be seen in the hands and wrists of
affected children. However, joint space loss is less
frequently seen and often represents a later feature
particularly in the oligoarthritis form of the disease.
Erosion is also a relatively late radiographic finding in
JIA. In patients with seropositive juvenile idiopathic
polyarthritis more rapid joint space loss and erosion
may be seen, a process similar to that seen in adult
onset RA. Deformities may develop including bou-
tonniere, flexion and swan neck deformities in the
fingers. Radial deviation of the MCP joints in asso-
ciation with ulnar deviation of the wrist is recognised
in JIA, and Resnick has noted the contrast between
this pattern and the opposite finding of ulnar deviation
of the MCP joints and radial deviation of the wrist
commonly seen in adult onset RA (Granberry and
Mangum 1980; Resnick 2002a).

Some radiographic findings are more specific to
juvenile arthritis. In the late stages of the disease bony
ankylosis is a common finding particularly at the wrist
where radiographs may demonstrate union of the
carpal bones to the metacarpals creating a solid ossific
mass (Fig. 18). Periosteal new bone formation is also
a common finding in the hands in JIA, typically

Fig. 17 Ankylosing spondylitis: there is exuberant entheso-
phyte formation at the insertion of the flexor carpi ulnaris
tendon onto the pisiform (arrowhead). This represents an
enthesitis, a typical feature of ankylosing spondylitis
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occurring along the metacarpal and phalangeal shafts.
Growth disturbances involving the epiphyses of long
bones are a further feature of juvenile arthritis
(Figs. 18, 19). In the wrists, abnormalities of bone
growth are seen in the form of irregular or multiple
ossification centres in the carpal bones. In the hands,
short, widened phalanges and metacarpals may
develop in the later stages of the disease as a result of

growth disturbance and periosteal new bone forma-
tion (Fig. 19).

The osteoporotic bone seen in JIA may lead to
epiphyseal collapse and deformity as a result of com-
pression fractures due to abnormal stresses on the bone.
Cupping of the proximal phalangeal bases as a result of
compression by the metacarpals on the osteoporotic
bone is described (Resnick 2002a) (Fig. 18).

Table 1 Classification of Juvenile Idiopathic Arthritis (Petty et al. 2004; Ravelli and Martini 2007)

Category Clinical features

Systemic arthritis Arthritis in one or more joints associated with, or proceeded by fever and accompanied by one
or more of the following:
• rash
• lymphadenopathy
• hepatomegaly and/or splenomegaly
• serositis

Oligoarthritis Arthritis in 1–4 joints during the first 6 months of disease
This typically occurs in early childhood and is more common in females. The oligoarthritis is
usually asymmetric and predominantly affects the lower limbs

Rheumatoid-factor: positive
polyarthritis

Arthritis affecting five or more joints during the first 6 months of disease with positive
rheumatoid factor
The disease typically affects the hands with a symmetric polyarthritis

Rheumatoid-factor: negative
polyarthritis

Arthritis affecting five or more joints during the first 6 months of disease without rheumatoid
factor

Enthesitis related arthritis More common in male patients and characterised by the association of enthesitis and arthritis.
The disease belongs to the group of spondyloarthropathies

Psoriatic arthritis

Undifferentiated arthritis

Fig. 18 JIA: this patient
demonstrates many of the late
features of JIA. Note the
fusion of the carpal bones,
cupping and deformity of the
proximal phalangeal bases
and epiphyseal deformities
resulting from growth
disturbance
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In common with adult onset RA, tenosynovitis is seen
in JIA and may be observed as soft tissue swelling on
plain radiographs. Rheumatoid nodules are also seen in
JIA; these occur almost exclusively in the rheumatoid-
factor-positive polyarthritis subcategory of the disease
where they are seen in around one third of patients in the
first year of disease (Ravelli and Martini 2007). Again on
CR these may be seen as focal soft tissue lumps.

As with adult inflammatory arthritis, the majority
of plain film findings represent late stages of the dis-
ease. While CR remains important in the assessment
of the disease the role of more advanced imaging
techniques, such as US and MRI, is increasing. In
addition to allowing the visualisation of soft tissue
changes such as synovitis, effusion and tenosynovitis;
the cartilaginous bone ends of the immature skeleton,
where early damage occurs are also demonstrated
(Johnson and Gardner-Medwin 2002).

2.5 Advanced Imaging Techniques
in Inflammatory Arthritis

Many of the features of inflammatory arthritis seen on CR
represent late changes, which areoften irreversible.Current
guidelines in the management of these conditions empha-
sise the early and aggressive treatment of inflammatory

arthritis to alter the long-term disease process, minimise
joint damage and induce long-term remission.

2.5.1 Synovitis and Effusion
Synovitis is an early feature of many arthritic pro-
cesses including the inflammatory arthritides and
connective tissue disorders. Using plain films the
earliest manifestation of synovitis is soft tissue
swelling, which may be associated with periarticular
osteopaenia. The soft tissue swelling is usually
detectable clinically by the time it can be seen on CR.
Both US and MRI are readily able to detect synovitis
and effusion before changes are visible on CR or
detectable at the clinical examination (Farrant et al.
2007a; Peterfy 2001).

Normally synovium is not visualised at US, but
when it becomes thickened it is seen as abnormal intra
articular soft tissue (Fig. 20a) (Wakefield et al. 2005).
The echogenicity of synovitis varies depending on the
extent of extracellular oedema, the more fluid present
the darker the synovium appears. Generally it appears
of low reflectivity when compared with adjacent
subcutaneous fat, but it may appear anechoic or
brightly hyperechoic. Vascularity will frequently be
demonstrated in the synovium using colour or power
Doppler (Fig. 20b). When anechoic or hypoechoic,
synovitis may be difficult to distinguish from joint
fluid, which may have similar echo characteristics.
However, with probe pressure fluid will normally be
displaced while synovium is non-displaceable and
only poorly compressible. Effusion will also show no
Doppler signal. The morphology of the inflamed
synovium varies, but typically in the low capacity
joints of the hand and wrist it appears as thickening of
the joint lining or as a solid mass.

On MRI synovitis has been defined as an area in
the synovial compartment that shows above normal,
post gadolinium enhancement of a thickness greater
than the width of normal synovium (Ostergaard et al.
2003). This definition emphasises the importance of
post-gadolinium imaging in the detection of synovitis
which readily enhances and is otherwise very difficult
to distinguish from effusion using conventional T1,
proton density and T2 weighted imaging (Fig. 21).

2.5.2 Bone Erosion and Marrow Oedema
US and MRI will demonstrate erosive change resulting
from inflammatory arthritis. A defect in the cortical

Fig. 19 JIA: there is epiphyseal deformity at the bases of the
intermediate phalanges. There is corresponding deformity to the
proximalphalangealarticular surface.Soft tissueswelling is alsoseen.
Also note the widened intermediate phalanges typical of the disease
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surface is identified which may contain synovium
(Figs. 21, 22). With both techniques the erosion must
be identified in two planes to avoid confusion with
normal bone surface contours. It is also important to be
aware of the normal shape of the bones and in par-
ticular the sites of ligament attachments and vascular
channels both of which can be confused with erosions.
US and MRI are both more sensitive than CR for
erosion detection. While US will only show the sur-
face defect of an erosion, MRI shows changes within
the substance of the bone marrow at the erosion site in
the form of high T2 signal consistent with increased
water content and often described as bone marrow
oedema (Fig. 21b, c) (Ostergaard et al. 2003). Bone
marrow oedema is a common finding in RA reported
in 39% of cases of less than 3 years duration and 68%
of cases of longer established RA (Savnik et al. 2001).

Marrow oedema may be seen in the absence of erosion
and is potentially reversible; it is closely related to the
extent of synovitis and may represent pre-erosive
change, being strongly predictive of future erosion
(McQueen et al. 2003; Haavardsholm et al. 2008;
Hetland et al. 2009; Savnik et al. 2002).

2.5.3 Enthesitis
Enthesitis is a characteristic feature of the seroneg-
ative arthropathies and is seen in the hand and wrist
as a common feature of psoriatic arthritis. MRI
demonstrates changes within the bone, in the form of
marrow oedema, erosion and enthesophyte, and
within the inserting tendon or ligament and sur-
rounding soft tissues in the form of high T2 signal
change and thickening of the inserting structure. The
changes seen in the inserting tendon or ligament are

Fig. 20 Wrist synovitis
shown on ultrasound in
rheumatoid arthritis: a the
synovitis is seen as a low
reflective soft tissue mass
lesion (S), in this case on the
ulnar aspect of the wrist. Part
of the extensor carpi ulnaris
tendon can be appreciated just
superficial to the synovitis
(arrowhead). b Using power
Doppler vascular flow can be
demonstrated in the synovitis.
Uln Styloid ulnar styloid
process, Tri triquetrum
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similar to those seen in tendinopathic change. The
fingers are sites of multiple entheses all in close
proximity and a feature of psoriatic arthritis is dac-
tylitis where widespread inflammatory changes seen
throughout the digit which may reflect inflammation
at the multiple enthesis sites (Fig. 23) (Benjamin and
McGonagle 2001). The extensive high T2 signal soft
tissue changes seen beyond the joints in psoriatic
arthritis are an important distinguishing feature from
RA (Jevtic et al. 1995). US will also detect changes
at the enthesis sites in seronegative arthropathy, but

will not show the associated marrow changes. Fine
enthesophyte formation is particularly well shown at
tendon and ligament insertions using US.

Fig. 21 Rheumatoid arthritis shown on coronal MRI: a T1
weighted, b T2 weighted with fat saturation. Extensive
synovitis is seen at the wrist as intermediate signal soft tissue
on T1 and high signal soft tissue on T2 weighted imaging. It is
best appreciated on the ulnar aspects of the wrist (arrow) where

it is seen eroding the triquetrum. c T1 fat saturated post i.v.
gadolinium. Synovial enhancement is demonstrated. The T2
weighted and post gadolinium imaging demonstrates marrow
oedema in the hamate (asterisk) and on T1 weighted imaging
this is seen to be associated with bone erosion (arrowhead)

Fig. 22 Rheumatoid arthritis erosion on US: the index MCP
joint is demonstrated in longitudinal section. There is synovitis
within the joint (asterisk) and an erosion is seen in the
metacarpal head (arrow). The erosion contains hypoechoic
synovium. M metacarpal head, P proximal phalanx

Fig. 23 Psoriatic arthritis: coronal T2 weighted fat saturated
image showing dactylitis. Extensive soft tissue oedema is
shown in the digits. Enthesitis is demonstrated as foci of
marrow oedema associated with capsular and ligamentous
insertion sites (arrows) such as the insertion of the collateral
ligament of the proximal interphalangeal joint highlighted
(arrowhead) (Image courtesy of Dr PJ O’Connor and Dr A
Radjenovic)

248 A. J. Grainger



2.5.4 Tendon and Soft Tissue Disease
Tendon disease and tenosynovitis are both features of
the inflammatory arthritides. Both US and MRI will
demonstrate fluid in synovial sheaths and associated
synovitis (Fig. 24). As in the case of joint disease
gadolinium enhancement is helpful in distinguishing
synovitis from fluid in tendon sheaths. Tendon rupture
is a recognised complication of RA and may be due
to tendon attrition resulting from adjacent osseous
deformities or disease involvement of the tendon
itself. Again US and MRI can demonstrate tendon
rupture. The dynamic assessment of tendons that can
be undertaken with US may help in identifying which
tendons are torn and in establishing the location of the
torn ends.

Rheumatoid nodules are a feature of RA. They
most frequently occur in pressure bearing areas such
as the elbow or heel, but are occasionally seen in the
hand and wrist. They may occur in the subcutaneous
soft tissues or adjacent or within tendons. Nodules
typically appear on US as ovoid homogenous low
reflective masses (Nalbant et al. 2003). On MRI
nodules may have a solid appearance with a homog-
enous enhancement following gadolinium, but a
cystic pattern may also be seen (el-Noueam et al.
1997). When nodules are seen adjacent to bone there
may be associated cortical remodelling. The differ-
ential diagnosis for a rheumatoid nodule includes a
gouty tophus. Bone remodelling is less frequently
seen with rheumatoid nodules than with tophi, and
tophi generally show increased density resulting in
shadowing behind the lesion on US.

2.5.5 Application to Clinical Practice
Increasingly, US and MRI are being used in the early
detection of inflammatory arthritis. US has clear
advantages in being able to screen multiple joints in
both hands and wrists rapidly and inexpensively while
MRI is more time-consuming and requires intra-
articular injection for the reliable assessment of
synovitis. MRI has the advantage of being able to
detect the early bone changes of bone marrow oedema
along with synovitis and there is evidence to suggest
that marrow oedema is the strongest predictor of
future erosive damage (McQueen et al. 2003; Savnik
et al. 2002). Most studies would suggest that US and
MRI are of comparable sensitivity for the detection of
synovitis and erosions, although US is limited around
some joints, such as the MCP joints and in the wrist,
by its inability to fully examine all bone surfaces
(Farrant et al. 2007a, b).

2.5.6 Other Imaging Modalities
CT will demonstrate erosive change in bones, but at
this time has not found routine clinical application in
the investigation of the inflammatory arthritides.
Scintigraphy will show increased uptake at inflamed
joints using a variety of tracers including conven-
tional 99mTc-MDP. Inflammatory arthritis will pro-
duce increased tracer activity on all three phases of
the bone scan. The technique provides a means of
observing disease distribution, which may help in
indicating the type of arthropathy. It is also sensitive
to early changes in the disease process and may give
information about disease activity, but bone scintig-
raphy is not part of the routine investigation of
inflammatory arthritis and generally MRI and US can
provide similar information.

2.6 Monitoring Disease Progression

The monitoring of disease progression and response
to treatment in inflammatory arthritis is currently a
subject of intensive research. Plain film scoring
methods exist such as those developed by Larsen and
Sharp based on erosions, joint space loss and soft
tissue changes (Larsen et al. 1977; Sharp 1996).
However, in recent years attention has turned to the
use of MRI and US for monitoring disease status.

Fig. 24 Rheumatoid arthritis: a transverse ultrasound through
the extensor digitorum compartment at the wrist shows
tenosynovitis. The extensor tendons (arrowheads) are sur-
rounded by fluid (F) and synovitis (S)
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The use of MRI and US to monitor disease pro-
gression has concentrated on the scoring of erosive
change and synovitis and, on MRI, marrow oedema.

Techniques for monitoring synovitis fall into two
broad groups, detection of change in synovial vol-
ume and detection of change in synovial vascular-
ity. Both volume and vascularity are predictive of
disease activity. Volume can be reliably assessed
with MRI but there is considerable technical diffi-
culty in producing reliable measurements of volume
on US other than with the use of semiquantitative
scores. Vascularity is assessed on MRI using
dynamic scanning during gadolinium enhancement
and evaluating the shape of the contrast uptake
curve which is more rapid in more active disease.
Doppler US imaging can be used to assess the
vascularity of synovitis, which in RA is shown to
increase with disease activity. At this time these
techniques remain in the research environment and
have not found their way into mainstream clinical
practice.

3 The Crystal Arthritides

The crystal arthropathies all involve crystal deposi-
tion either in, or adjacent to an affected joint. This is a
heterogeneous group of diseases resulting in a variety
of radiographic findings. Common crystals implicated
are monosodium urate (producing gout), calcium
pyrophosphate dihydrate and hydroxyapatite (HA).

3.1 Gout

Although the radiological features of gout are well
recognised, the pathophysiology of the disease is
more complicated and remains the subject of research
and controversy. Fundamental to the disease process
is hyperuricaemia resulting either from decreased
renal excretion or excess production of uric acid. The
condition is frequently described as having four
clinical phases (Monu and Pope 2004):
1. Asymptomatic hyperuricaemia: hyperuricaemia

may exist in asymptomatic, but susceptible indi-
viduals, for years before the onset of clinical and
radiographic findings.

2. Acute gouty arthritis: presentation with acute joint
inflammation as a result of precipitation of urate
crystals into the joint typifies this stage of the
disease. While polyarticular disease is recognised,
the acute inflammatory attacks are usually mon-
oarticular and involve peripheral joints, usually in
the lower limb and most commonly in the foot.
Without treatment, progressive attacks result in
more joints becoming involved and more chronic
disease, which may affect any joint in the body.

3. Intercritical gout: this refers to the period without
symptoms between acute attacks. It may last
months or even years.

4. Chronic tophaceous gout: in this stage of the dis-
ease tophi develop in multiple tissues in the body
as a result of urate crystal deposition with associ-
ated foreign body giant cell reaction. With the
advent of effective antihyperuricaemic therapy this
stage of the disease is becoming less common.
Tophaceous deposits occur in a wide variety of
tissues including tendons and ligaments, cartilage,
bone and other soft tissues. Deposition in tendons
and ligaments may lead to rupture (Moore and
Weiland 1985) while mass effect may produce
neural compression and gouty deposits are a
recognised cause for carpal tunnel syndrome
(Chen et al. 2000; Ogilvie and Kay 1988).

3.1.1 Imaging Findings
Gout arthritis may involve any of the joints in the
hand and wrist, but the DIP and PIP joints are most
frequently affected. In the acute stages of the disease
the radiographic findings are often non-specific, soft
tissue swelling may be evident. If US and MRI are
undertaken an effusion may be evident. The bone and
soft tissue changes become more characteristic and
apparent in the chronic phase of the disease where
soft tissue tophi develop. These are appreciated as
asymmetrical soft tissue swellings and the hands are
frequently involved. Although calcification of the soft
tissue swellings may occur it is said to be an unusual
finding, and is likely to reflect a disorder of calcium
metabolism such as associated renal impairment
(Fig. 25) (Watt and Middlemiss 1975).

Joint space usually remains well preserved until late
in the disease despite extensive erosive change, and this
is one of the key features of the disease helping to
distinguish it from other arthritides (Fig. 26). Erosions
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result from tophi and may occur within joints, but
are often seen some distance from the joint. The
erosions have a characteristic circular or ovoid
configuration and may have a sclerotic margin.
Overhanging margins giving a ‘punched out’ appear-
ance to the erosion are typical (Fig. 26) (Watt and
Middlemiss 1975). Joint disease in the hand most
commonly involves the interphalangeal joints in an
asymmetrical distribution. All compartments in the
wrist may be involved and extensive osseous erosion in
the wrist is not uncommon.

US may detect crystal deposition on the articular
cartilage and this has been reported in 92% of joints
affected by gout (Thiele and Schlesinger 2007). The
crystal deposition on the cartilage surface gives a
double contour appearance to the joints. Both MRI
and US will detect erosions due to gout and show
tophaceous material associated with them. The tophi
are seen as low reflective structures that are highly
attenuating with shadowing behind the lesion. Crystal
material within their substance varies from hypo- to
hyperechoic. Lesions are clearly defined and may
demonstrate marked hyperaemia. MRI shows tophi as
structures of intermediate to low signal intensity on

short TE imaging but with variable intensity on T2
weighted imaging, most frequently heterogenous
intermediate to low signal. It has been postulated that
the variation in T2 intensity may relate to differences
in calcium concentration (Yu et al. 1997). Bone ero-
sion by soft tissue tophi is more commonly seen in the
feet than the hands. Tophaceous involvement of ten-
dons in the hand may also be seen on US and MRI.

3.2 Calcium Pyrophosphate Crystal
Deposition Disease (CPPD)

Calcium pyrophosphate dihydrate (CPPD) deposition
disease may be a primary abnormality or may occur in
association with other conditions. Given how com-
mon CPPD deposition disease is it has been pointed
out that many of the suggested associations that have
been described in the past may be simple chance
occurrence of two disorders (Resnick 2002b).

The nomenclature of CPPD deposition disease is
confusing and controversial. The following guidelines
on terminology have been put forward and are helpful
for the radiologist (Resnick 2002b; Steinbach 2004;
Steinbach and Resnick 1996):

Chondrocalcinosis Refers to the presence of cartilage
calcification identified radiologically or pathologically.

Fig. 25 Gout in patient with chronic renal failure: This patient
has gout with large asymmetric soft tissue tophaceous masses
about the distal interphalangeal joint which shows erosive
change best appreciated in the terminal phalanx. The tophi are
heavily calcified, a feature that is seen particularly in patients
with renal impairment

Fig. 26 Gout: this radiograph shows the typical ‘punched-out’
erosions with overhanging edges seen in gout. Note the marked
soft tissue swelling and relative preservation of joint space, both
features of this disease (Image courtesy of Dr PJ O’Connor)
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It can be due to a variety or combination of calcium
crystals including calcium pyrophosphate dihydrate.

CPPD deposition disease A specific term indicating a
disorder characterised by CPPD crystals in or around
joints.

Pseudo-gout This is a clinical syndrome produced by
CPPD crystals resulting in acute attacks of gout like
symptoms. The diagnosis is clinical and cannot be
made radiologically.

Pyrophosphate arthropathy This term describes a pat-
tern of joint damage occurring in CPPD deposition
disease. It resembles OA but has some distinct features.
Chondrocalcinosis may or may not be present on
radiographs demonstrating pyrophosphate arthropathy.

One of the reasons for the confusion is the highly
variable presentation of the disease. Calcium pyro-
phosphate deposition may be completely asymptom-
atic or result in severe destructive arthropathy, its
ability to mimic other arthritides has been emphasised
(Steinbach 2004; Martel et al. 1970). Patients with
symptomatic CPPD deposition disease generally
present with an OA like arthropathy although an acute
inflammatory component may be seen. Intermittent
attacks of pseudogout are said to occur in 10–20% of
symptomatic patients and result from the shedding of
pyrophosphate crystals into the joint (Steinbach 2004).
The wrist is a frequent site for attacks of pseudogout.
Synovitis associated with CPPD crystal deposition
disease is a recognised cause of carpal tunnel syndrome.

3.2.1 Imaging Findings
The hallmark of CPPD deposition disease is the
presence of CPPD crystals in or around a joint. This is
most commonly seen in the form of chondrocalcino-
sis, but crystal deposition may also occur within
synovium or capsular tissues. It is important to realise
that the presence of these findings alone does not
infer pyrophosphate arthropathy and pyrophosphate
arthropathy does not require radiographic evidence of
CPPD crystals. In the wrist chondrocalcinosis is fre-
quently identified in the triangular fibrocartilage,
although it has been shown that crystal deposition in
the lunate-triquetral ligament is more common
(Fig. 27) (Yang et al. 1995). Hyaline cartilage depo-
sition may also be seen. Pyrophosphate arthropathy
shows similar changes to OA with joint space nar-
rowing along with subchondral sclerosis and cyst

formation. However, the distribution of the changes in
the wrist contrasts with the classic trapeziocentric
distribution of OA with a strong predilection for the
radiocarpal wrist compartment (Fig. 28a). Associated
with crystal deposition there may be disruption of the
triangular fibrocartilage and ligamentous dysfunction
resulting in rotatory subluxation of the scaphoid and
scapholunate disassociation; this gives rise to a pat-
tern of dorsal intercalated segment instability (DISI)
similar to that seen following trauma. This pattern of
scapholunate advanced collapse of the wrist (SLAC
wrist) was originally described as a feature of OA but
studies indicate that CPPD deposition disease is also a
major cause of SLAC wrist (Chen et al. 1990).

The pattern of joint disease in the hands is also
different to that seen with generalised OA with rela-
tive sparing of the interphalangeal joints and
involvement predominantly of the MCP joints, most
frequently those of the index and middle fingers
(Fig. 28b). Another typical feature of the disease is
the presence of hook like osteophytes generally seen
on the radial aspect of the metacarpal head;
this pattern of osteophytosis is particularly seen in
patients with haemochromatosis and pyrophosphate
arthropathy, a recognised association. As with idio-
pathic pyrophosphate arthropathy, involvement of the
index and middle MCPs is commonly seen with

Fig. 27 Calcium pyrophosphate deposition: there is calcium
crystal deposition in the triangular fibrocartilage (arrowhead).
In addition crystal deposition is also seen in the lunotriquetral
ligament (white arrow) and in the synovium of the distal radial
the joint (black arrow)
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haemochromatosis; however, it has been observed
that involvement of the ring and little finger MCP
joints is also seen and is more common in patients
with haemochromatosis than in those presenting with
idiopathic pyrophosphate arthropathy (Fig. 29)
(Steinbach 2004; Adamson et al. 1983).

Crystal deposition in cartilage and synovium and
soft tissues including tendon is readily detected using
US (Ciapetti et al. 2009). The position of crystals
within the substance of cartilage is helpful in

distinguishing pyrophosphate arthropathy from gout,
where the crystals lie on the surface of the cartilage
forming the double contour appearance.

3.3 Calcium Hydroxyapatite Crystal
Deposition Disease

Hydroxyapatite (HA) deposition disease is the best
characterised of a group of crystal deposition diseases

Fig. 28 Pyrophosphate arthropathy: a calcium pyrophosphate
crystal deposition can be seen in the synovium about the
triangular fibrocartilage and in the distal radial on the joint.
There is also crystal deposition in the lunotriquetral ligament.
This is associated with arthropathy. The distribution of arthritis
in the wrist is not typical for osteoarthritis. There is involvement

of the radioscaphoid and midcarpal joints, but note the preser-
vation of the scaphotrapezial and thumb carpometacarpal joints.
b In the same patient there is arthropathy involving the middle
MCP joint with subchondral cyst formation, joint loss and early
osteophyte formation (arrow)

Fig. 29 Haemochromatosis
arthropathy: there is joint
space loss at the index and
middle MCP joints with
subchondral sclerosis.
Involvement of the ring and
little MCP joints and the little
PIP joint can also be
appreciated. Note the typical
hook like osteophytes
(arrows)
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that may cause acute or chronic joint symptoms. The
pathophysiology of the disease remains poorly under-
stood. Crystal deposition may occur both in the
periarticular tissues, most commonly tendons and
ligaments, and within the joint itself and the disease can
be usefully considered in two forms, periarticular dis-
ease and intra-articular disease (Uri and Dalinka 1996).

3.3.1 Periarticular HA Deposition Disease
The wrist and hand are common sites for HA crystal
deposition and patients present with pain and swelling
in the acute situation. When this occurs the pain may
be particularly severe although in the more chronic
situation the pain and tenderness is usually mild.
Wrist involvement is more common than hand
involvement, and crystal deposition usually occurs in
tendons or ligaments, a particularly common site is in
the flexor carpi ulnaris tendon on the ulnar aspect of
the wrist (Gandee et al. 1979). In the hand the soft
tissues around the MCP joints and the fingers are
relatively common sites (Fig. 30). The calcification is
seen on plain films and generally has an amorphous
appearance without internal trabeculation. Deposits
may have ill-defined borders or have a more well
circumscribed appearance. While HA deposits may
remain static on sequential radiographs, a notable

feature is that the calcification may change in size
becoming larger, smaller or even disappearing com-
pletely; and such changes may occur over a relatively
short period of time. A definite history of trauma is
rarely given, but there is some suggestion that HA
deposition in soft tissues may be related to repetitive
low grade trauma such as may occur with certain
occupations and activities (Gandee et al. 1979).

3.3.2 Intra-Articular HA Deposition Disease
Intra-articular HA deposition can occur without visi-
ble changes on the radiograph. However, crystal
deposition in the synovium or capsule may be seen
and occasionally chondrocalcinosis is identified (Uri
and Dalinka 1996). The hands and wrists are more
frequently involved than the larger joints. A destruc-
tive arthropathy resembling OA may be seen with
joint space loss and osteophyte formation.

4 Osteoarthritis (OA)

Despite its ubiquitous nature and increasing preva-
lence as a result of an ageing population, the patho-
physiology of OA remains poorly understood and the
subject of considerable research. The advent of
advanced imaging modalities such as MRI and US
has started to reveal that OA should be considered a
disease of the whole joint and not just one of articular
cartilage and bone, which is often the impression
given by the plain film. Synovitis, effusion, marrow
oedema and ligamentous and fibrocartilage abnor-
malities are now recognised imaging features of the
disease and may play an important role in the path-
ogenesis of pain.

It is recognised that certain risk factors exist for the
development of OA, including intrinsic problems with
the joint such as previous trauma, laxity or bone
deformity. However, other factors are also important,
including gender and genetic susceptibility, along
with extrinsic factors acting upon the joint such as
obesity or joint overuse as a result of sporting or
occupational activity (Felson 2004). OA may occur in
one or more joints as a direct result of acute or
chronic repetitive trauma; but the hand and wrist is an
important site for the development of idiopathic OA.
In this case, there is usually involvement of other
larger joints such as the knees, hips and spine.

Fig. 30 Hydroxyapatite deposition: a large hydroxyapatite
deposit is seen in the soft tissues adjacent to the middle MCP
joint. Note the amorphous appearance. In this case the crystal
deposition has a relatively well-defined margin
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4.1 Plain Film Findings

The characteristic features of OA seen on CR are well
recognised and reflect changes in the articular cartilage
and subchondral bone along with osteophyte forma-
tion. Cartilage thinning and degradation is recognised
as joint space narrowing. Subchondral bone change
includes eburnation, sclerosis and cyst formation.
Periarticular osteoporosis is not a feature of the disease.

In the hand the most commonly affected joints are
the interphalangeal joints of the fingers and the
thumb. Changes in both the PIP and DIP finger joints
are frequently seen, but isolated involvement of the
DIP joints may occur. Involvement of the PIP joints
without DIP joint involvement is relatively unusual.
Wrist involvement is almost always confined to the
thumb base in a trapeziocentric distribution.

4.2 Findings at Specific Joints

4.2.1 Interphalangeal Joints
The classical features of OA described above are all seen
at the interphalangeal joints. Subchondral cyst formation
may be particularly prominent. In many joints cartilage
loss in OA, seen as joint space narrowing, occurs
asymmetrically within the joint favouring areas where
the joint experiences particular pressure. In interpha-
langeal joints, joint space loss frequently occurs across
the whole joint. Areas of eburnation and subchondral
collapse may produce a characteristic ‘saw-tooth’
appearance to the articular surfaces (Fig. 31).

Osteophytes are often seen on the dorsal aspect of the
interphalangeal joints where they may track proximally.
The hands are usually evaluated radiographically with a

dorsal-palmar view and on this single view the extent of
such osteophytosis may not be appreciated. Osteophytes
account in part for the palpable swellings appreciated at
the DIP and PIP joints and termed Heberden’s and
Bouchard’s nodes, respectively. However, it is also
recognised that cystic distension of the joint capsule
with gelatinous material and synovium is also seen,
particularly at the DIP joints, and in some cases this may
account for the nodes. Such cysts appear to extrude
through points of weakness in the capsule, typically
either side of the central extensor tendon (McGonagle
et al. 2008; Tan et al. 2005).

4.2.2 Metacarpophalangeal Joints
Involvement of the MCP joints is not uncommon but
usually only occurs in the presence of more distal
disease involving the interphalangeal joints of the
hand (Martel et al. 1973). In contrast, pyrophosphate
arthropathy characteristically affects the MCP joints
proving a useful distinguishing feature where other-
wise, in the absence of any visible crystal deposition,
it shows features similar to OA. In many cases joint
space loss is the only finding and the presence of OA
elsewhere and the absence of erosions and periartic-
ular osteopaenia must be used to distinguish OA from
inflammatory arthritis. Osteophytes when present are
usually small, in comparison to the larger osteophytes
seen in CPPD deposition disease.

4.2.3 The Wrist

Trapeziocentric Joints

The usual pattern of wrist OA involves the thumb
base, occurring at the thumb carpometacarpal joint
(trapeziometacarpal) and scaphotrapezotrapezoidal
(STT) joint (between the scaphoid, trapezium and
trapezoid). In the absence of trauma causing second-
ary OA, involvement of the other joint spaces in the
wrist is uncommon and when seen, should suggest the
possibility of an alternative diagnosis such as pyro-
phosphate arthropathy.

It is often helpful to think of the articulations
between the scaphoid, trapezium, trapezoid and thumb
metacarpal as a single unit and disease here can be
summarised as trapeziocentric or pantrapezial. While
either the STT joint or thumb carpometacarpal joint
may show isolated OA changes, involvement in the two
joints together is common (Fig. 32) (North and Eaton
1983). There is evidence that CR overestimates the

Fig. 31 Osteoarthritis: The
typical ‘saw-tooth’
appearance of interphalangeal
joint OA is seen. Note also the
subchondral cyst formation
and sclerosis
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extent of disease involving this unit. North and Eaten
showed that while trapeziocentric OA was seen in 73%
of cases radiographically it was found to be present in
only 46% at anatomical dissection (North and Eaton
1983). Characteristic changes of sclerosis, osteophy-
tosis, joint space loss and subchondral cyst formation
are seen. Osteophytosis is particularly common at the
thumb carpometacarpal joint where bony fragmenta-
tion may also be seen. It is thought that the pathogenesis
of OA at the thumb carpometacarpal joint may result
from abnormal joint laxity and radial subluxation of the
metacarpal base at the carpometacarpal joint is a fea-
ture of advanced disease (Fig. 32) (Sicre et al. 1997). It
has been noted that the saddle-shaped articulation
between the trapezium and thumb metacarpal is gen-
erally flatter in women than men, and therefore inher-
ently less stable (North and Rutledge 1983).

Other Wrist Joint Involvement

Injury to the wrist may result in secondary OA
involving wrist joints other than those at the thumb
base. Classically radiocarpal or midcarpal OA may be
seen following scaphoid injury. If fracture occurs,
secondary OA may develop, generally between the
radial styloid and distal fragment of the scaphoid. This
situation is known as scaphoid non-union advanced
collapse (SNAC) and, in the later stages of the disease,
involvement of the radio-scaphoid joint and subse-
quently the midcarpal joint is seen (Krimmer et al.
1997). Radioscaphoid disease progressing to midcarpal

disease is also seen as a consequence of scapholunate
disassociation and has been termed scapholunate
advanced collapse (SLAC) (Fig. 33) (Watson and
Ballet 1984). This pattern of joint disease is also seen as
a consequence of pyrophosphate arthropathy and the
distinction can only be reliably made if there is evi-
dence of CPPD deposition disease (Chen et al. 1990).

A further pattern of wrist OA may be seen in
association with positive ulnar variance leading to
impingement across the ulna-lunate and ulna-trique-
tral joints. This has been termed the ulnocarpal
impaction syndrome and results in findings typical of
OA involving the ulna-lunate and ulna-triquetral
joints. Dissociation of the lunate and triquetrum may
be seen on CR as a consequence of lunate-triquetrum
ligament disruption. MRI will also show this feature
along with perforation of the triangular fibrocartilage,
which is commonly associated.

4.3 Inflammatory OA

While OA is not generally viewed as an inflammatory
arthritis, a subgroup of patients is recognised as
having an inflammatory variant of the disease, which
has been termed inflammatory OA (Ehrlich 1972a;
Utsinger et al. 1978). Since these patients may show
erosions the term erosive OA has also been used.

Fig. 32 Osteoarthritis: this example shows the typical appear-
ances of thumb base OA involving the CMC joint. There is
radial subluxation of the metacarpal base. In this case the STT
joint is preserved. Also note the preservation of the remaining
wrist joints typical of OA Fig. 33 SLAC wrist: osteoarthritis has developed following an

injury with disruption of the scapholunate ligament (note
widening of the scapholunate interval). Changes of OA are seen
at the radioscaphoid joint, typical with this pattern of disease
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Although large joint involvement has been recogni-
sed, inflammatory OA characteristically affects the
small joints of the hands. The relationship between
conventional OA and erosive OA is unclear and
authors have suggested on the one hand that the two
arthropathies may constitute separate disease entities
(Peter et al. 1966), while others suggest it may belong
at one end of a disease spectrum (Grainger et al. 2007;
Cobby et al. 1990). It has also been postulated that
inflammatory OA represents a disease entity at an
interface between OA and RA (Ehrlich 1972b). With
the advent of more advanced imaging modalities it is
apparent that cases not considered erosive using plain
film criteria may show erosions with MRI (Tan et al.
2005; Grainger et al. 2007). These findings suggest
that the division of OA into erosive and non-erosive
forms on the basis of CR may be artificial.

4.3.1 Radiographic Features
The radiographic hallmark of erosive OA is the
presence of erosive change alongside the expected
findings in OA of joint space narrowing and prolif-
erative change. Sites of involvement in the hand and
wrist are the same as those seen in generalised pri-
mary OA although erosive change at the thumb base
is rarely seen even in the presence of interphalangeal
joint erosions. Erosions in inflammatory OA are
typically central in location, which contrasts with the
marginal erosions seen in rheumatoid and psoriatic
arthropathy (Fig. 34). Nevertheless marginal erosions,
indistinguishable from those seen in RA, may be
demonstrated, particularly using MRI (Grainger et al.
2007; Kidd and Peter 1966). The central pattern of
erosion may be due to synovial inflammation but it is

also suggested it relates to collapse or pressure atro-
phy of the subchondral bone. Central erosions may
lead to the characteristic ‘seagull wing’ appearance.
Periosteal new bone formation may be seen although
it is not usually as florid as that found in psoriatic
arthritis. Bony ankylosis is a relatively frequent
occurrence in inflammatory OA (Martel et al. 1980).

Distinguishing erosive OA from inflammatory
arthropathy can be difficult. OA typically affects the
PIP and DIP joints, which is useful in distinguishing it
from RA with its generally more proximal distribu-
tion. The bone proliferation and sclerosis seen in OA
also contrasts with the appearances of RA where os-
teopaenia is the typical finding. When seen in the
wrist, erosive OA will usually show the characteristic
thumb base distribution of OA while the inflamma-
tory arthritides will show involvement in all wrist
compartments. The distinction between erosive OA
and psoriatic arthritis can be more difficult as the
latter also shows bony proliferation in the form of
enthesophyte formation and a distal distribution. The
central pattern of erosion helps in distinguishing the
two conditions, as does the more florid periosteal new
bone seen in psoriatic arthritis. The presence of OA
elsewhere such as the thumb base may also give
clues, but it is important to remember that OA is a
common condition and may coexist with seronegative
arthritis or RA. This occurrence may account for
some cases diagnosed as erosive OA.

4.4 Advanced Imaging Techniques

MRI has been used in a research capacity to look at
OA in the hand and this has given valuable infor-
mation on the potential aetiology of the disease (Tan
et al. 2005, 2006a, b). However, as yet there are no
mainstream applications for the routine use of MRI in
hand and wrist OA. Similarly US is readily able to
detect changes of OA, particularly synovitis, osteo-
phyte and effusion (Keen et al. 2008a, b). While US
appears to be more sensitive to the detection of
osteophyte and joint space narrowing in hand and
wrist OA than CR, its use as a diagnostic tool remains
confined to the research environment (Keen et al.
2008b). US is useful as a technique for guiding
therapeutic injection to the carpometacarpal joint in
cases of trapeziocentric OA (Gregory et al. 2008).

Fig. 34 Erosive OA: there is
central (subchondral) erosion
typical of erosive
osteoarthritis

Arthritis 257



5 Connective Tissue Disease

5.1 Scleroderma

Scleroderma is a connective tissue disorder with
characteristic radiographic abnormalities seen in the
bones and soft tissues and frequently affecting the
hands and wrists. Raynaud’s syndrome (paroxysmal
vasospasm of the digital arteries) is associated with the
disease and may be the presenting feature. Joint
involvement is an important component of the disease.

Radiographic features of scleroderma in the hands
include:
• Soft tissue resorption at the fingertips: this is a

common finding which may be visible on CR if the
tissues overlying the distal tip of the terminal
phalanx are examined (Fig. 35).

• Soft tissue calcification: The hand is the most com-
mon site for calcinosis seen in scleroderma and cal-
cification may be seen in both of the subcutaneous
tissues and periarticular capsular tissues. The calci-
fication has an amorphous appearance (Fig. 35).

• Bone erosion and articular involvement: the most
frequent pattern of bone loss in scleroderma involves
resorption of the terminal tuft, which can result in

complete destruction of the terminal phalanx.
Patients may go on to develop an erosive arthropathy
which generally favours the distal and PIP joints with
sparing of the wrist; although it has been noted that
involvement of the first carpometacarpal joint may
be seen (Resnick et al. 1978). A pattern of erosive
arthropathy has been reported in patients with
scleroderma that much more closely resembles RA
with a deforming arthropathy involving the hands
and wrists (Armstrong and Gibson 1982; Baron et al.
1982). However, it has been emphasised that when
these findings are seen they may represent part of an
‘overlap syndrome’ with features of both diseases,
or indeed the coexistence of the two diseases
(Armstrong and Gibson 1982).

5.2 Dermatomyositis and Polymyositis

Dermatomyositis and polymyositis are connective tissue
disorders both characterised by muscle inflammation
and weakness, and in the case of dermatomyositis, skin
involvement. Both conditions may give rise to soft tissue
calcification. Characteristically intramuscular calcifica-
tion involves the proximal limb muscles, but subcuta-
neous calcification similar to that seen in scleroderma

Fig. 35 Scleroderma: the study demonstrates extensive soft tissue calcification seen in subcutaneous tissues. Note also the soft
tissue loss from the tips of the fingers
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may be seen in the hands, as may distal phalangeal
resorption. Joint involvement may also occur clinically
although radiographs are normally unremarkable or
show subtle changes such as periarticular osteopaenia
and soft tissue swelling. Occasional reports of destruc-
tive joint changes exist (Bunch et al. 1976).

5.3 Systemic Lupus Erthematosus

Systemic lupus erthematosus (SLE) is a connective
tissue disorder predominantly affecting women during
childbearing years. Early clinical manifestations
include systemic malaise and fever, skin rash and
articular symptoms. In the later stages of the disease
more severe multisystem involvement may be seen.
Articular symptoms are common and have been
reported in 76% of patients (Labowitz and Schum-
acher 1971), although the figure may be as high as
90% (Resnick 2002c). Symmetrical, bilateral
involvement of the small joints of the hands is com-
mon. The most frequent finding is synovitis, and
radiographs may show soft tissue swelling and oste-
opaenia (Weissman et al. 1978). At this stage MRI
and US will demonstrate the effusion and synovial
thickening. Erosive change is not typical of the dis-
ease and has only occasionally been reported
(Weissman et al. 1978). This provides an important
distinguishing feature from RA. It remains unclear
whether those cases showing erosions in fact repre-
sent a group of patients with both SLE and RA.

A distinctive feature of SLE is a deforming none-
rosive arthropathy, which may develop early in the
disease course, but is more common later in the disease
(Fig. 36) (Resnick 2002c; Weissman et al. 1978).
Involvement is usually symmetrical involving multiple
digits with a combination of deformities and sublux-
ations that are commonly reducible. Swan-neck and
Boutonniere deformities typical of those seen in RA are
seen, but joint space loss and erosion are rarely seen
even with severe deformities. Hyperextension at the
thumb interphalangeal joint is said to be characteristic.
It has been noted that the deformity may disappear
when the hand is positioned for radiography (Resnick
2002c). These changes may also be seen in children
where they may mimic JIA (Martini et al. 1987).

Some patients may demonstrate soft tissue calci-
fication, and terminal phalangeal sclerosis has also
been reported. The latter can occur in the absence of

associated Raynaud’s phenomenon (Weissman et al.
1978). Osteonecrosis is a well-recognised feature in
SLE and may occur in the hands where its presence
(typically in the MCP heads) should raise the question
of possible SLE (Weissman et al. 1978; Fishel et al.
1987). Other features that have been reported include
subchondral cyst formation, typically in the meta-
carpal heads and carpal bones, and occasionally ‘hook
erosions’ seen as bony defects usually on the radial
aspect of the metacarpal heads (Resnick 2002c).

5.4 Rheumatic Fever (Jaccoud’s
Arthropathy)

A deforming hand arthropathy associated with rheu-
matic fever is well recognised and is radiologically
indistinguishable from the deforming non-erosive
arthropathy of SLE. It has been termed Jaccoud’s
arthropathy. This usually occurs after repeated attacks
of rheumatic arthritis.

Fig. 36 SLE: subluxations, which were reversible, are seen at
the MCP joints. However, note the absence of erosions and the
preservation of joint spaces
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Joint involvement is commonly seen in the course
of an acute attack of rheumatic fever where multiple
joints may be involved either simultaneously or suc-
cessively. This joint inflammation may be seen as soft
tissue swelling on CR. US and MRI may detect small
joint effusions and occasionally tenosynovitis.

5.5 Mixed Connective Tissue Disease

Mixed connective tissue disease, as its name suggests,
combines overlapping features of the connective
tissue diseases and RA. A wide range of articular and
soft tissue abnormalities may be seen on hand and
wrist radiographs including osseous erosions, bone
deformity, soft tissue calcification and atrophy and
resorption of the terminal phalanges. Articular chan-
ges are most commonly seen in a proximal distribu-
tion similar to that seen in RA, involving PIP and
MCP joints and the wrist.
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Abstract

Penetrating injuries and staphylococceal pathogens
are the most frequent causes of infections at the
hand, with the soft tissues involved in about 95%,
and the bones and joints in 5%, only. In soft tissue
infections, MRI is mostly necessary for depicting
infections of the deep palmar spaces, whereas
finger infections are prome to clinical examination.
Typically, bone and joint infections are first visible
in radiograms two weeks after clinical onset. MRI
is powerful in early detection and in the assessment
of spreading of both osteomyelitis and infectious
arthritis, the adjacent soft tissues included. CT
imaging is the modality of choice in the search of
sequestra and cloaca when the superficial soft
tissues and the skin are involved in chronic
osteomyelitis. At the hands, rare infections are of
tuberculous, syphilitic, leprous, viral, fungal, and
parasitic orgin.

1 General Aspects

1.1 Introduction

Infectious diseases of the hand affect the soft tissues,
the bones, and the joints solely or in combination. In
the past, the final diagnosis was made by clinical,
laboratory findings, and radiographic survey views
(Hausman and Lisser 1992). However, the approach
toward dedicated diagnostic imaging has changed for
several reasons in the last decade (Pineda et al. 2009;
Santiago-Restrepo et al. 2003): First, imaging accu-
racy has significantly improved with the introduction
of the high-resolution techniques of ultrasound, CT,
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and MRI. Second, the advance of refined surgical and
medical treatment options has increased the preten-
sion according to detailed wrist and hand imaging.
Third, the spectrum of hand infections has changed
over the years with the expansion of the worldwide
travel and the increasing number of surviving indi-
viduals suffering from immunodeficiency diseases.

Early diagnosis of hand infections is essential to
prevent functional impairment or even destruction
disease which usually remains secondary to delayed
or insufficient treatment.

1.2 Routes of Infection

The soft tissues, bones, and joints of the hand can be
contaminated by different routes (Fig. 1) (Tsai and
Failla 1999; Resnick 1976):
• Direct implantation of pathogens: The infection

arises directly after penetrating injuries with dis-
ruption of the overlying skin. This route is by far

most frequent at the hands. In a similar pathway,
pathogens can be incidentally inoculated during
arthrography and arthroscopy, in open surgery as
well as in transcutaneous insertion of pins.

• Spread from a neighbored source of infection: An
infectious focus extends from one tissue layer to
another, e.g. from the subcutis to the bones or
joints, or from the bone marrow to an adjacent joint
and the surrounding soft tissues, or from one to
another communicating tendon sheath.

• Hematogenous spread of infection: Pathogens are
inoculated via the blood circulation. Common
sources of transient bacteremia are the respiratory,
genitourinary, and gastrointestinal systems asides
others and equivocal cases. This pathway is infre-
quent at the hands.

1.3 Imaging Techniques

Conventional radiograms (CR) complimented by
fluoroscopic spot views in equivocal cases are

Fig. 1 Synopsis of the infectious pathways at the hand
skeleton. a Direct pathways of infection with implantation or
hematogenous spread of pathogens into the soft tissue (1), the
joint (2), and the bone (3). Stars are used for symbolizing both
the direct and hematogenous infection routes. b Indirect
pathways comprising spreads of an infection from the soft
tissues into the bone (4) or into the joint (5), and finally from
the bone marrow into the adjacent joint and vice versa (6).

c Marked thickening of the palmar digital bulb in the presence
of a felon. The bony terminal phalanx is not involved. d In
another case, infectious spread of a felon from the palmar soft
tissues to the terminal phalanx is evident and has caused
infectious bone destruction. e Subacute bacterial arthritis of the
proximal interphalangeal joint immediately following a pene-
trating stab injury. There are deep erosions of the subchondral
plates aside onset of sclerosing bone reaction
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exposed to exclude or confirm inflammatory
involvement of the hand skeleton. Eight to ten days
usually pass before signs of osteomyelitis are visible.
Early signs of acute osteomyelitis include subtle
periosteal reaction and focal subperiosteal osteopenia
(Capitanio and Kirkpatrick 1970). Osteolyses follow
within the next weeks, and osteosclerosis appears in
the chronic stage. Obliteration and swelling of the
periarticular soft-tissue planes (‘‘soft-tissue sign of
arthritis’’), periarticular osteopenia (‘‘collateral sign
of arthritis’’) as well as articular destruction (‘‘direct
signs of arthritis’’) appear in acute pyogenic arthritis
and will progress in days to weeks. Soft-tissue calci-
fications are sometimes seen in tuberculosis of the
tendon sheath.

Nuclear scintigraphy (NUC) with 99mTc phospho-
nates provides information about local hyperemia
when using the three-phase technique (angiographic,
blood pool, and delayed phases). For early detection of
an infectious source, this technique is useful days and
weeks before abnormalities become visible in radio-
grams (Gold et al. 1991). If scintigraphic results are
unremarkable, an acute infection of the hand skeleton
can be excluded. Soft-tissue infections lead to regional
hyperemia with a diffuse nuclide uptake in the area
involved and the contiguous bone skeleton. If soft-
tissue infection directly spreads to the adjacent bones
and joints, a marked nuclide uptake indicating
hyperemic bone metabolism is mostly evident in
three-phase scintigrams. However, positive scintigra-
phy does not allow differentiation between posttrau-
matic bone remodeling and infection, because an
increased formation of fibrous bone, and therefore,
an increased binding of 99mTc phosphonates is seen in
both disease entities (Schauwecker 1989). This is also
the case in chronic osteomyelitis. Differentiation can
be tried with gallium scintigraphy which is sensitive to
active bone disease (Pineda et al. 2009; Gold et al.
1991).

Scintigraphy with 99mTc-HMPAO-labeled leuko-
cytes and 99mTc-nanocolloids as well as immuno-
scintigraphy with 99mTc-labeled monoclonal
granulocytes or human unspecific immunoglobulin
selectively demonstrates acute granulocyte-induced
inflammations (Schauwecker 1989). There are some
limitations: First, in the early months after an injury,
leukocytic scintigraphy cannot differentiate between
reparative remodeling and inflammatory processes.
Second, in aseptic arthritis such as rheumatoid

arthritis and chronic infections such as tuberculous or
leprous arthritis, uptake of labeled granulocytes can
simulate findings of active osteomyelitis and pyo-
genic arthritis.

Ultrasonography (US) is the first-line imaging
method when a fluid or abscess collection is assumed
in the soft tissues and joint spaces (Kothari et al.
2001). For high-resolution US of the hands, probes of
10 MHz or more must be used. An important indi-
cation of US is the search for foreign bodies that are
invisible in radiograms (Peterson et al. 2002). In the
presence of osteomyelitis, involvement of the con-
tiguous soft tissues can be screened with US.

Computed tomography (CT) is well suited to
delineate the destructive bone processes in osteomy-
elitis, i.e. the sequestrum, the surrounding granulation
tissue, and the involucrum. A sequestrum can be
reliably detected in CT imaging by means of its dense
eburnization and its location within the granulation
tissue (Pineda et al. 2009; Santiago-Restrepo et al.
2003; Gold et al. 1991). Due to less sensitivity in
comparison with MRI, CT is applied in the evaluation
of soft-tissue inflammation in equivocal cases only for
the search of foreign bodies and intraosseous or
intraarticular air collections. Because osteomyelitis is
often associated with soft-tissue infection, intrave-
nous administration of a contrast agent is recom-
mended for proper detection. The imaging features of
an abscess are the peripheral enhancement and the
semi-liquid abscess center (Kothari et al. 2001).
Retrograde contrast-filling of a sinus tract (sinogra-
phy) can be combined with CT scanning to depict the
course of a sinus tract from the cutaneous orifice back
to its medullary origin (Santiago-Restrepo et al.
2003). Finally, CT imaging—and also ultrasonogra-
phy—is used for guiding percutaneous punctures of
soft tissues, bones, and joints to obtain fluid for bac-
teriologic evaluation.

Magnetic resonance imaging (MRI) is very sensi-
tive in detecting infections of the soft tissues, the
bones, and joints and in depicting the extension of the
inflammation (Pineda et al. 2009; Gold et al. 1991;
Hopkins et al. 1995; Towers 1997; Morrison et al.
1993). The use of a dedicated surface coils or phased-
array multi-channel coils is premise for MRI of the
hand to obtain high-resolution images. In literature,
the necessity of intravenous gadolinium is contro-
versially discussed. According to the authors’ expe-
rience, the administration of gadolinium is mandatory
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for further characterizing infectious bone, joint, and
soft-tissue edema. Differentiation between vascular-
ized inflammatory tissue and central abscess colli-
quation zone is facilitated with the use of gadolinium
(Hopkins et al. 1995; Towers 1997; Morrison et al.
1993). However, it must be mentioned that MRI is
inferior to CT imaging in detecting sequestra (Pineda
et al. 2009; Gold et al. 1991). The T2-weighted fat-
saturated FSE sequence (alternatively, the STIR-FSE
sequence) and the T1-weighted fat-saturated SE
sequence after gadolinium—both acquired in the
transaxial plane—are most suitable to determine
extra- and intraosseous inflammatory processes. The
other imaging planes are crucial to determine the
extent of the infection in the longitudinal direction.

2 Soft-Tissue Infections

In about 95% of all infections of the hand, exclusively
the soft tissues are involved, namely the cutaneous,
subcutaneous, fascial, tendinous, ligamentous, mus-
cular, and synovial structures, whereas bones and/or
joints are affected in only about 5% (Hausman and
Lisser 1992; Tsai and Failla 1999). The heteroge-
neous spectrum comprises paronychia, felons, sup-
purative tenosynovitis, deep space infections, and
gangrenous infections. The most common cause in
etiology is a penetrating injury, while hematogenous
spread is less frequent (Tsai and Failla 1999; Resnick
1976). Even the tiniest injury, such as a paronychial
tear during nail care, is sufficient to inoculate patho-
genic organisms. Individuals with a compromised
immune system and/or sensory deficiency (e.g.
patients suffering from diabetes mellitus or severe
carpal tunnel syndrome) are predisposed to infections.
In initial stages, infections mostly remain at the site of
origin, since there are a number of anatomically
defined compartments, like the subcutaneous space,
the deep palmar spaces, the tendon sheaths, and the
joint compartments. Clinical symptoms are local
redness, hyperthermia, swelling, pain, and functional
impairment.

Physical examination is usually sufficient for final
diagnosis. However, when clinical uncertainty exists,
diagnostic imaging can provide essential information
for treatment decision, e.g. if an abscess in the deep
spaces must be excluded or localized precisely
(Beltran 1995). Furthermore, the pathogens can be

identified with ultrasound-guided aspiration to spe-
cifically initiate antibiotic medication.

2.1 Soft-Tissue Infections at the Fingers
and Midcarpus

The following types of soft-tissue infection can be
differentiated by location:

A paronychia is an acute infection of the space
surrounding the eponychial fold, mostly caused by
Staphylococcus aureus, less frequently by anaerobic
or fungal pathogens (Jebson 1998a). Paronychial
infections often begin after nail care and immediately
spread around the eponychium to develop a purulent
drainage. Lymphadenitis can be present. Chronic
courses of paronychia caused by Candida albicans are
seen in diabetic individuals.

A felon is a closed space infection of the palmar
digital bulb which can easily follow a skin lesion or a
bagatelle injury (Jebson 1998a). The terminal phalanx
is swollen, red, and painful.

A collar button abscess is a purulent infection of
the interdigital subfascial web space (Jebson 1998b).
Symptoms include painful swelling, redness, fluctu-
ance, and tenderness of the web space with neigh-
bored fingers being in an abducted posture.

A pyogenic dumbbell infection is located at the
dorsoradial aspect and involves the thenar space, the
first web and interosseous spaces, and the abductor
pollicis muscle (Jebson 1998b). Mostly, the infection
begins at the thenar space before extending into the
peripheral and deep spaces.

Suppurative flexor tenosynovitis is a pyogenic
infection of one or several flexor tendon sheaths
which mostly is not only located at the digits but also
in the midcarpal palm (Langer 2009).

In radiograms, swelling and obliteration of the
tissue planes are characteristic. Bubbly gas inclusions
are derived either from skin disruption or from gas-
forming pathogens. Radiograms should always be
ordered in the presence of phalangeal soft-tissue
infection to confirm or exclude accompanying oste-
itis, osteomyelitis or even infective arthritis. Other
than in paronychia, bone involvement is frequent in
felons (Fig. 1c, d). When the infection has spread into
the depth down to the osseous and/or articular sur-
faces, radiologic signs of osteitis include subtle peri-
osteal thickening, indistinctly demarcated erosions,
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and focal subperiosteal osteopenia (Capitanio and
Kirkpatrick 1970). After progressing to osteomyelitis,
sharp osteolyses appear. When subtle osteopenia of
the subchondral articular bone plate becomes visible,
concomitant arthritis of the metacarpophalangeal and
interphalangeal joints must be assumed. Radiograms
are also needed for the search of radiodense foreign
bodies. Both US and MRI are useful tools for differ-
entiating cellulitis from abscess formation in the soft
tissues (Fig. 2a).

2.2 Supporative Flexor Tenosynovitis

Supporative tenosynovitis is caused by spread from a
subcutaneous abscess or by a penetrating injury with
inoculation of pathogens from which most common are
Staphylococcus aureus and Streptococci (Langer
2009). The proximal interphalangeal joint and the
middle phalanx are preferred sites of puncture wounds.
Symptoms are summarized by the Kanavel’s signs:
Flexed posture and swelling of the affected digit, ten-
derness over the flexor sheath, and pain on passive
extension of the digit. Lymphadenitis is usually pres-
ent. Rarely, a V-shaped phlegmon involving two or
more fingers can develop due to communicating ten-
don sheaths. More frequent is a phlegmon that migrates
from the thumb proximally into the carpal tunnel
thereby causing a hyperacute carpal tunnel syndrome.

Radiograms serve to exclude concomitant osteo-
myelitis and/or arthritis and to detect foreign bodies
(Resnick 1976; Capitanio and Kirkpatrick 1970;
Kothari et al. 2001). Osteopenia and cortical erosions
at the neighbored bone may be evident. Infectious
tenosynovitis can nicely be demonstrated with US

Fig. 2 Contrast-enhanced MRI of suppurative soft infections.
a Massive phlegmon (cellulitis) at the dorsum of the metacar-
pus. In the T1-weighted SE image after gadolinium, the
subcutaneous layer appears thickened and presents with
increased contrast enhancement. Areas of low signal intensity
are included and are suspicious of initial abscess. b–d Suppu-
rative flexor tenosynovitis of the index finger following an open
cut injury. The flexor tendon sheath is semi-circumferentially
thickened. After application of gadolinium, marked contrast
enhancement of the tendon sheath is evident on the T1-weighted
SE images with fat-saturation (b and d) when compared with the
non-enhanced image (c). Areas of low signal intensity are not
included, and therefore, abscess formation must not be assumed.
Inflammation of the adjacent soft tissues is accompanying

b
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(Jeffrey et al. 1997). There is a thickened, moderately
hyperechoic tendon sheath directly aside the hypo- to
anechoic synovial fluid. An enclosed foreign body is
detectable by means of its hyperechoic pattern and its
distal acoustic shadow. Foreign bodies are usually
found in the center of infections. The same diagnostic
criteria apply for tenosynovitis in MRI (Fig. 2). The
inflamed tendon sheath is thickened, hyperintense in
T2-weighted sequences, and presents an intense,
peripheral contrast enhancement in T1-weighted, fat-
saturated sequences after gadolinium (Towers 1997;
Beltran 1995). Intravenous gadolinium is helpful in
differentiating encapsulated synovial fluid in tendon
overuse from suppurative tenosynovitis, both present-
ing with a thickened synovium. The transaxial imaging
plane is most important for detection, whereas both the
coronal and sagittal planes enable precise assessment
of the longitudinal extension of tenosynovitis. Often,
secondary edema in the adjacent soft tissues and in the
tendon itself (tendinitis) is accompanying.

2.3 Tuberculosis of the Tendon Sheaths

Musculoskeletal tuberculosis is currently beginning to
rise again. Mycobacterium marinum, avium or kans-
asii are the pathogens (Hausman and Lisser 1992;
Hoffman et al. 1996). Clinical symptoms are mild and
inconclusive. Only a doughy, painless swelling along
the flexor tendons can be present at clinical exami-
nation. Thus, the ‘‘great masquerader’’ of tuberculosis
should always be taken into consideration when a
palmar, indolent soft-tissue swelling of unknown
origin fails to medical and surgical treatment.

Radiograms are usually normal in soft-tissue
tuberculosis. Infrequently, foggy and indistinct spots
of calcification can be found, but can be hidden by
bony structures in standard views. CT is usually not
indicated to search for these calcifications, but when
performed for other reasons, peritendinous location of
foggy calcifications is highly suggestive of tubercu-
losis. In the differential diagnosis, an acute inflam-
matory onset is suspicious for hydroxyapatite
deposition disease, whereas a chronic, insidious
course is characteristic of soft-tissue tuberculosis or
sarcoidosis. In US, tuberculous tenosynovitis can be
assessed by means of a synovial fluid and the thick-
ened tendon sheaths, which is hyperechoic in com-
parison with non-tuberculous tenosynovitis. In MRI,

the tuberculous tendon sheaths appear distended and
swollen and show a marked synovial contrast
enhancement (Hoffman et al. 1996; Jaovisidha et al.
1996). These findings often contradict the minor
patient’s symptoms and are therefore guiding for the
final diagnosis (Fig. 3a). The differential diagnosis
includes chronic tenosynovitis of other origin, e.g.
tenosynovial sarcoidosis.

Aside the tendon sheaths, other soft-tissue com-
partment of the hands can be infected by atypical
mycobacterial bacilli in individuals with impaired
resistance (Hoyen et al. 1998). Mycobacterium mar-
inum is seen in soft-tissue infections of fishermen and
aquarium workers and Mycobacterium terrae in
infections of gardeners (Fig. 3b).

2.4 Infections of the Deep Palmar Spaces

Superficial infections can continuously spread into the
deep compartments of the palm, often with the primary
infection already healed when the deep abscess
becomes symptomatic. Pain and function impairment
are almost always present. However, redness and
swelling can be missed because superficial tissue is
covering the affected spaces. In the depth, there are
anatomically defined compartments (Fig. 4a) (Jebson
1998b): (1) the thenar space (built by the short muscles
of the thumb), (2) the hypothenar space (built by the
short muscles of the little finger), (3) the carpal tunnel
(bordered by the palmar flexor retinaculum), (4) the
Guyon’s canal (superficial and ulnar-sided to the carpal
tunnel), (5) the Parona’s space (deep to the flexor ten-
dons at the distal forearm), and (6) the metacarpal space
(deep to the flexor tendons at the metacarpus).

Radiograms are only performed to exclude con-
comitant osteomyelitis. This is also possible with the
use of skeletal scintigraphy (NUC). An abscess is
classically visualized in US by means of an anechoic
or hypoechoic center associated with distal acoustic
shadowing, and a hyperechoic wall of granulation
tissue (Jeffrey et al. 1997). Membranous septa are
often seen within the abscess. However, there are
some diagnostic limitations: While huge and focal
abscesses are reliably detectable with US, small
abscesses deep in the carpal tunnel remain difficult to
visualize due to acoustic absorption phenomena of the
superficially traversing flexor tendons. Furthermore, it
is difficult to depict the entire extent of a
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multi-compartmental abscess formation and to dif-
ferentiate it from a sympathetic effusion. Abscesses
can also be detected and determined in size by using
CT imaging, although its capability is inferior to that
of MRI. In CT, the signs of an abscess are the semi-
liquid center of about 30–50 HU and the peripheral,
contrast-enhancing wall (Jaovisidha et al. 1996).
Preferentially, MRI should be applied if an abscess of
the deep palmar spaces is suspected (Fig. 4b, c). MRI

provides the most precise information for these pur-
poses (Hopkins et al. 1995; Towers 1997; Beltran
1995). The semi-liquid center of an abscess is
hyperintense in T2-weighted sequences and hypoin-
tense in T1-weighted sequences, in the latter with a
strong peripheral enhancement seen after intravenous
application of gadolinium. This pattern of contrast
enhancement differentiates an abscess from a phleg-
mon as well as from a serous fluid collection.

Fig. 3 Synopsis of the different sites of tuberculosis at the soft
tissues and bones of the hand. a Tuberculous tenosynovitis in a
female presenting with a doughty, painless swelling of her
palm. In the contrast-enhanced T1-weighted SE scan with fat =
saturation, there is a communicating tenosynovitis of the flexor
pollicis longus and the flexor digitorum tendons at the levels of
the Parona’s space, the carpal tunnel, and the metacarpal space.
b Tuberculous abscess in the subcutaneous layer of the thenar
space (fat-saturated PD-weighted FSE image). Surprisingly,
micro-bacterial evaluation revealed Mycobacterium marinum in
this patient who was retrospectively identified as a hobby

angler. c Tuberculous dactylitis of the thumb in a 1-year-old
infant. There is the characteristic spina ventosa of the first
metacarpal bone with increased volume, central osteolysis, and
thickened compact bone. d Tuberculous arthritis of the wrist in
an advanced stage with destruction, collapse, and ankylosis of
the carpus. The ongoing inflammatory process is indicated by
cystic radiolucencies, indistinct joint contours, and soft-tissue
swelling. Calcifications in the soft tissues are also seen. Figures
a, c, and d with permission from Schmitt R, Lanz U. Diagnostic
imaging of the hand and wrist. Thieme International. Stuttgart,
New York 2008
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2.5 Gangrenous Infection

Gangrene is a rare anaerobic infection of the soft
tissues caused by gas- and toxin-producing anaerobic
pathogens (Hausman and Lisser 1992; Hoyen et al.
1998). The most common pathogen is Clostridium
perfringens. The infection spreads in the subcutane-
ous space and within the compartments along the
fasciae. Muscle ischemia and devitalized tissues may
proceed and are considered as predisposing factors.
The initial symptom can solely be local tenderness,
followed by rapidly spreading inflammation. Cuta-
neous crepitation can be present, but does not confirm
gangrenous infection. Life-threatening impairment of
the general condition soon develops.

Survey radiograms characteristically show patchy
gas inclusions in the soft tissues, especially in the
subcutaneous and subfascial layers. Low-kilovoltage
radiograms and CT imaging can be advantageous in
equivocal cases.

2.6 Pyomyositis and Necrotizing Fasciitis

These infection types are extremely rare at the distal
forearm and hand and are mentioned here for com-
pleteness only.

Pyomyositis is a muscle infection mostly caused by
Staphylococcus aureus in immunodeficient patients
(Gonzales 1998). The intra-muscular mass is charac-
terized by an abscess formation in contrast-enhanced
MRI (or CT imaging).

Necrotizing fasciitis is a serious, life-threatening
infection of the superficial and deep fasciae in the
absence of muscular and cutaneous infections
(Gonzales 1998). Pathogens are Streptococcus pyog-
enes alone or in combination with Staphylococcus
aureus. In imaging, the fasciae appear thickened and
inflamed. Gas bubbles and fluid collections can be
included.

3 Osteomyelitis

Osteomyelitis of the hand is usually the result of a
soft-tissue infection caused by penetrating injuries
with implantation of pathogens into the soft tissues
and contiguous spread to the bone via the tendon
sheaths, fasciae, and lymphatic vessels (Hausman and
Lisser 1992; Tsai and Failla 1999; Resnick 1976;
Barbieri and Freeland 1998). In open fractures,
pathogens can be directly inoculated into the bone.
These ‘‘secondary’’ types of osteomyelitis are

Fig. 4 Infections of the deep palmar spaces. a Schematic
illustration of the deep palmar spaces (view into the palm).
Indicated are the thenar and hypothenar spaces, the Parona’s
space (deep to the flexor tendons), the carpal tunnel, and the
metacarpal space (deep to the flexor tendons). The Guyon’s
tunnel that is located ulnar-sided to the carpal tunnel is not
depicted. b–c Deep palmar abscess extending over several deep

spaces. Sagittal T1-weighted SE images before (b) and after
(c) application of gadolinium. The contrast-enhanced images
comprehensively depict suppurative tenosynovitis of the flexor
tendons in the Parona’s space, the carpal tunnel, and the
metacarpal space. Central areas of low signal intensity in the
Parona’s and metacarpal spaces are typical of an abscess
formation
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frequent because the hands are predisposed to injuries
in workaday life. On the contrary, the hematogenous
spread of (‘‘primary’’) osteomyelitis is rare at the
hand skeleton. The spectrum of pathogens includes
Staphylococcus aureus, Streptococcus pyogenes and
group B streptococci, and Escherichia coli (Tsai and
Failla 1999; Barbieri and Freeland 1998; Reilly et al.
1997). Haemophilus influenza is a frequent pathogen
in childhood, while fungal and tuberculous pathogens
are more often seen in adulthood (Hoyen et al. 1998).

Osteomyelitis is defined as an infection of the bone
marrow and the ossified bone substance itself (Pineda
et al. 2009; Barbieri and Freeland 1998). Subcatego-
ries imply the osteitis (infection of the bone cortex)
and the infectious periostitis (infection of the perios-
teal cloak). Further classification is based on the time
course with differentiation of acute, subacute, and
chronic osteomyelitis, all of them with fluent and non-
definitive transitions (Pineda et al. 2009).

3.1 Time Course of Osteomyelitis

3.1.1 Acute Osteomyelitis
Acute osteomyelitis presents with acute redness, swell-
ing, pain, and functional impairment of the hand area
affected aside fever and general complaints (Tsai and

Failla 1999; Barbieri and Freeland 1998). Acute osteo-
myelitis leads to progressive bone destruction.

Radiograms provide the imaging basis of acute
osteomyelitis (Pineda et al. 2009; Resnick 1976; Gold
et al. 1991; Schauwecker 1989). However, one should
keep in mind that radiologic findings lag behind the
onset of the infection by about 8–10 days. The earliest
signs include obliteration of the parossal soft tissue fat
planes and a focal area of decreased bone density
(Capitanio and Kirkpatrick 1970). In the next days,
aggressive bone destruction follows in a permeative
pattern. Radiolucent, poorly defined osteolyses appear
at the infectious focus (Fig. 5a). Finally, the infection
leads to endosteal scalloping and cortical disintegra-
tion, and subtle or marked periosteal lesions at the
metaphyseal level. In the acute phase of osteomyeli-
tis, MRI is the imaging method of choice for two
reasons (Pineda et al. 2009; Santiago-Restrepo et al.
2003; Gold et al. 1991; Hopkins et al. 1995; Towers
1997; Morrison et al. 1993): First, inflammatory bone
marrow edema is the earliest finding which can be
appreciated with MRI as early as 3 days after
the onset of infection. The edema and exudates within
the medullary space produce ill-defined high signals
on fat-suppressed T2-weighted or STIR images and a
low signal on T1-weighted images (Figs. 5b, 6a).
Second, contrast-enhanced T1-weighted images

Fig. 5 Osteomyelitis and initial bacterial arthritis of the
metacarpophalangeal joint of the little finger following a fist
blow. a Obliteration of the soft-tissue planes and focal,
subchondral demineralization at the dorso-ulnar segment of
the fifth metacarpal head, depicted on a semi-pronated, oblique
X-ray view. b Diffuse edema is present in the periarticular soft
tissues as well as in the metacarpal head and the base of the

proximal phalanx (coronal, fat-saturated PD-weighted image).
c and d Sagittal T1-weighted SE images before and after
application of gadolinium without and with fat saturation show
hyperenhancement of the dorsal soft tissues with the joint
capsule and synovia included and in the inflamed bone marrow
of the metacarpal head
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acquired in 3 planes allow a comprehensive assess-
ment of the osteomyelitic extent by better differenti-
ation of hypervascularized areas from non-viable and
edematous areas in the affected bone and the soft
tissues (Figs. 5d, 6c).

Complete clinical information is required for the
differential diagnosis of permeative (‘‘moth-eaten’’)
bone lesions (Santiago-Restrepo et al. 2003; Resnick
1976; Capitanio and Kirkpatrick 1970). With this
respect, healing of osteomyelitis can be correctly
assessed only when judging both the clinical and
imaging findings, because in the healing phase bone
resorption is still continuing and simulating progres-
sive osteomyelitis in radiograms, although the clinical
symptoms are already improving (Erdman et al.
1991). The differential diagnosis includes malignant
bone tumors, such as osteosarcoma, Ewing’s sarcoma,
and bone lymphoma. In most cases, bone destruction
in acute osteomyelitis is more rapid and extensive in
comparison with the malignant tumors mentioned.

3.1.2 Subacute Osteomyelitis

Brodie’s Abscess

In staphylococcal osteomyelitis, an intra-osseous
abscess can develop in individuals with immunologic
deficiency, mainly in young boys. At the hand and
forearm, there is a predilection for the distal ends of
the radius and ulna. In radiograms, a round or elon-
gated radiolucency with surrounding osteosclerosis,
tortuous shape, and a connection to the growth plate is
characteristic of a Brodie’s abscess (Pineda et al.
2009; Miller et al. 1979). In MRI, the so-called

‘‘penumbra sign’’ is indicative. This sign describes a
well-defined lesion which is composed of a central
colliquation zone and a small peripheral zone of
increased contrast enhancement surrounded by bone
marrow edema in T1-weighted images (Grey et al.
1998). Mostly, Brodie’s abscesses are located in the
metaphysis, less frequently in the epiphysis (Fig. 6).
However, locations in the diaphysis and cortex have
been describted making differentiation to osteoid
osteoma difficult even with the use of CT and MRI.

Plasma-Cell Osteomyelitis and Garré’s Sclerosing

Osteomyelitis

These special forms of osteomyelitis are infrequently
found at the hands (Reilly et al. 1997). They are
characterized by the appearance of osteosclerosis and
the tendency of a chronic course. A pathogen usually
cannot be isolated, both entities are non-purulent. A
pathogenetic association to chronic recurrent multi-
focal osteomyelitis has been assumed. The diagnosis
of Garré’s osteomyelitis should be restricted to those
cases of sclerosing osteomyelitis in which no
sequestrum and granulation tissue can be found.

3.1.3 Chronic Osteomyelitis
The chronic stage is characterized by the development
of sequestra, the formation of involucrum, and the
deformation of the bone affected (Barbieri and Free-
land 1998; Kaim et al. 2002). A sequestrum is a
necrotic bone fragment which has developed from
destruction of the cortical or cancellous bone (Pineda
et al. 2009). Often, pathogens are harbored inside the
sequestrum maintaining chronic osteomyelitis and

Fig. 6 Acute osteomyelitis of the distal end of the radius
following 3 months after palmar plate osteosynthesis. After
plate removal, X-ray views were completely unremarkable with
regard to osteomyelitis. In MRI, a territorial zone of bone
marrow edema (a and b) and peripheral contrast enhancement
(c) is visible at the meta-epiphyseal section of the radius, and a

parossal abscess located in the soft tissues between the radius
and ulna is also recognizable. PD-weighted FSE sequence with
fat-saturation (a), non-enhanced T1-weighted SE sequence (b),
and contrast-enhanced T1-weighted SE sequence with
fat-suppression (c), all acquired in the coronal plane
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flare-up acute episodes. Surrounding granulation tis-
sue separates the sequestrum from the viable bone.
New bone formation is induced by the periostitis and
is therefore located peripherally around the altered
cortex and the necrotic tissue, the so-called involu-
crum. In many cases, infection-induced channels
(so-called sinus tracts) are connecting the area of
dead bone with the cutaneous surface composed of an
osseous break (so-called cloaca) (Pineda et al. 2009).

In radiograms, a sequestrum has an increased
radiodensity, sharp margins, and is located within the
medullary bone (Pineda et al. 2009; Santiago-Rest-
repo et al. 2003; Gold et al. 1991; Kaim et al. 2002).
The size varies from sub-millimeter to several milli-
meters. New bone formation, the involucrum, leads to
contour irregularities, bone deformation, and
increased radiodensity (Fig. 8). Differential diagnosis
includes the osteoid osteoma which is frequently
found at the hand, and the rare fibrous dysplasia. MRI
is helping to assess the devitalized tissue in chronic
osteomyelitis. A sequestrum is of low signal intensity
in all sequences, whereas the surrounding granulation
tissue is of high signal intensity in STIR or T2-
weighted sequences, and of intermediate to low signal
intensity on T1-weighted images. After application of
gadolinium, the granulation tissue is enhancing,
whereas the sequestrum remains low signal (Hopkins
et al. 1995; Towers 1997; Morrison et al. 1993). The
involucrum has low signal intensity on all pulse
sequences and is separated from the cortical bone by a
periosteal reaction zone which is of intermediate
signal intensity on T2-weighted or STIR images
(Pineda et al. 2009; Gold et al. 1991). The periosteal
reaction zone is highly suspicious of containing
infectious material, when presenting as a mass of high
signal intensity on T2-weighted images. In this area of
infection, a break traversing both the cortical bone and
the involucrum is characteristic of a cloaca. Often, a
sinus tract extends from the cloaca and appears with a
tram track-like enhancement in the adjacent soft tis-
sues before reaching the cutaneous surface with an
orifice (Santiago-Restrepo et al. 2003). In chronic
osteomyelitis, CT is particularly useful to identify a
sequestrum and to differentiate between granulation
tissue and an involucrum (Fig. 8c, d). Therefore, CT
is essential for planning surgical therapy, and—most
importantly—for detecting sequestra which must be
excised (Pineda et al. 2009; Santiago-Restrepo et al.
2003; Gold et al. 1991).

Differentiation of active from inactive osteomy-
elitis is of high clinical importance, but challenging in
diagnostic imaging (Erdman et al. 1991). Ongoing
activity of infection must be assumed when the
radiologic appearance has changed in follow-up
studies, and when a sequestrum or a subperiosteal
cloaca is still provable. A disadvantage of MRI is the
inability to distinguish infectious from reactive
inflammation (Pineda et al. 2009).

3.2 Etiology of Osteomyelitis

3.2.1 ‘‘Primary’’ (Hematogenous)
Osteomyelitis

In septicemia, the respiratory, genitourinary, gastro-
intestinal systems, and the skin serve as infectious
sources which however remains unknown in up to
50% of the cases (Hausman and Lisser 1992; Pineda
et al. 2009; Barbieri and Freeland 1998). Infrequently,
hematogenous spread of pathogens leads either to
acute osteomyelitis of the distal sections of the radius
and ulna (Gold et al. 1991; Reilly et al. 1997) or to
acute pyogenic arthritis of the wrist (Murray 1998).
Hematogenous osteomyelitis usually originates in the
metaphysis, where bacterial implantation is facilitated
by the slow blood flow in the venous sinusoids. Both
bone marrow edema and accumulation of pus
increases the bone pressure and promote further
osteomyelitic extension which follows an age-
dependent pattern (Resnick 1976): (a) In infants up to
1 year, only a few metaphyseal vessels penetrate the
bone plate to reach the epiphysis and therefore being
responsible for simultane osteomyelitis and purulent
arthritis in infancy. However, the combined infection
is difficult to detect due to the unossified epiphyses at
this age. (b) In children and adolescents, the meta-
physeal vessels turn sharply at the open growth plate
without penetrating them. This unique pattern of
vascularity explains the predilection of juvenile
osteomyelitis to affect the dia-metaphysis only. (c) In
adulthood, many metaphyseal vessels are connected
to the epiphyseal vessels via the closed bone plate.
This free vascular communication allows metaphy-
seal osteomyelitis to migrate to the epiphysis.

Radiograms show ‘‘moth-eaten’’ osteolyses and less
often sequestra (Resnick 1976; Capitanio and Kirkpa-
trick 1970). Later in the course, periostitis and perios-
teal bone formation is more extended when compared
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to secondary osteomyelitis spread from soft-tissue
infection. Chronic osteomyelitis is characterized in
radiograms by bone remodeling with more or less
intense osteosclerotic areas. Even the primary devel-
opment of chronic sclerosing osteomyelitis is possible.
MRI is the modality of choice for early diagnosis,
therapy planning, and the follow-up (Hopkins et al.
1995; Towers 1997; Morrison et al. 1993). It provides
all the information about the extension of osteomyeli-
tis, particularly about soft-tissue complications.
Osteomyelitic abscesses and osteonecrosis can be
detected with fat-saturated T1-weighted sequences
after intravenous administration of gadolinium.
Skeletal scintigraphy is suitable to exclude or confirm
the presence of osteomyelitis before lesions can be
detected in plain radiograms, especially if MRI is not
available (Pineda et al. 2009; Schauwecker 1989).

3.2.2 ‘‘Secondary’’ (Spread From Soft
Tissues) Osteomyelitis

Secondary forms of osteomyelitis develop from the
adjacent soft tissues. At the hand, secondary osteo-
myelitis is much more frequent in comparison with
primary osteomyelitis (Hausman and Lisser 1992;
Tsai and Failla 1999; Resnick 1976).

Osteomyelitis of the Fingers

Phalangeal manifestation is by far the most common
form of osteomyelitis at the hands with the distal
phalanx being most often affected. The inoculation of
pathogens is caused by two different ways: First, the
organisms reach directly the periosteum or bone via

the disrupted skin and the deep tissue layers. With this
respect, even surgery can result in osteomyelitis, e.g.
the pin tract infection (Tsai and Failla 1999). Second,
there is initially a soft-tissue infection like a felon or
suppurative flexor tenosynovitis after a puncture
wound (Hausman and Lisser 1992; Beltran 1995;
Jeffrey et al. 1997). These soft-tissue infections do not
only extend longitudinally via the tendon sheaths and
the fascial planes but also invade into the depth. The
soft-tissue focus causes initial periostitis, then infec-
tious invasion of the cortex, and finally osteomyelitis
after invading the medullary bone via the cortical
haversian and Volkmann’s canals (Resnick 1976).
Frequently, the formation of sequestra can result and
maintain chronic fistulae.

In radiograms, positive findings cannot be expec-
ted in the first 10 days after an injury (Resnick 1976;
Capitanio and Kirkpatrick 1970; Gold et al. 1991). As
the result of the inward migrating infection from the
soft tissues, discrete focal osteopenia and mild peri-
ostitis are the initial signs in osteomyelitis of the
digits (Fig. 5a). Bone destruction with ‘‘moth-eaten’’
and permeative osteolyses subsequently follows.
Finally, osteosclerotic transformation is typical of
chronic osteomyelitis (Fig. 8). The radiologic exam-
ination should always include the search for foreign
bodies which can cause and maintain infections of the
fingers (Peterson et al. 2002). MRI is useful for
depicting the infected soft tissues—particularly to
prove or rule out an abscess (Fig. 6)—and for
assessing the extension of osteomyelitis (Hopkins
et al. 1995; Towers 1997; Morrison et al. 1993).
However, the vast majority of paronychias and felons

Fig. 7 Brodie’s abscess in the distal end of the radius in a
young man with no history of trauma or bone surgery. At the
meta-epiphyseal junction, a sequestrum surrounded by an
abscess and the so-called ‘‘double-line sign’’ are seen in a

coronal PD-weighted sequence with fat-saturation (a). Refor-
matted CT images in the coronal (b) and sagittal (c) planes
confirm the sequestrum and prove the presence of a cloaca on
the palmar site of the radius
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do not involve the bone of the distal phalanx, and
therefore, the role of MRI is mainly to exclude oste-
omyelitis. The use of CT is limited mainly for
detecting sequestra (Figs. 7, 8) and intra-osseous
abscesses (Kothari et al. 2001).

Bites

Bites at the hands are mostly caused by domestic
animals, less frequent by humans, e.g. a fist blow to
the mouth of the opponent (Gonzalez et al. 1993).
Staphylococcal or streptococcal species are inocu-
lated through the wound, particularly Eikenella cor-
rodens in human bites, and Pasteurella multocida in
cat bites (Resnick 1976). The rate of infectious
complications such as soft-tissue infection, bacterial
arthritis, and osteomyelitis is up to 50%. Symptoms
are dominated by diffuse soft-tissue swelling, redness,
impairment or loss of function and the local bite
defect.

In radiograms, foreign bodies in the soft tissues
must be excluded. In oblique views, subtle cortical
lesions can sometimes be detected at the injury site
after a deep bite down to the bone surface (Resnick
1976; Capitanio and Kirkpatrick 1970). Mostly,
however, radiologic signs of osteomyelitis and/or
bacterial arthritis appear first in about 8–10 days after
the injury.

3.2.3 Special Forms of Osteomyelitis

Tuberculous Osteomyelitis

Skeletal tuberculosis that is a hematogenous infection
caused by the Mycobacterium tuberculosis complex
develops in the post-primary stage of tuberculosis.
Pulmonary tuberculosis is evident in about half of the
cases, but mostly inactive at the time of skeletal
manifestation. Overall, the hands are involved only in

Fig. 8 Two patients suffering from chronic osteomyelitis of
the finger skeleton. a and b In the first patient, X-rays show
increased bone density of the proximal phalanx due to marked
periosteal reaction with initial development of an involucrum
and a cloaca. The periosteum is elevated at the dorsum. c and
d In the second patient, all signs of chronic osteomyelitis are

present in the index finger. In the metacarpal bone, several
sequestra surrounded by granulation tissue, cloacae at the
palmar and dorsal sites and an involucrum can be depicted in
the transaxial (c) and sagittal (d) CT images. A pin has been
introduced in the metacarpal base
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about 5% of musculoskeletal tuberculosis with two
age groups (Hoyen et al. 1998; Benkeddache and
Gottesman 1982; Hsu et al. 2004): Tuberculous
osteomyelitis is more common in children under
5 years, while tuberculous arthritis is mostly mani-
fested in adults. However, transition of tuberculous
osteomyelitis to tuberculous arthritis has been
observed, and also the reversed infection route. Other
than in pyogenic infections, meta-epiphyseal spread
of tuberculous osteomyelitis is possible in childhood.
Clinical presentation at the hand skeleton is charac-
terized by a chronic course and by a wide range of
symptoms (Benkeddache and Gottesman 1982). It is
not unusual that painless swelling, focal tenderness,
and a draining sinus are noticed over months to years
before the final diagnosis is found. One should con-
sider that incidence of tuberculosis is currently
increasing.

Radiologic signs of tuberculous osteomyelitis are
heterogeneous. They include soft-tissue swelling,
diffuse osteopenia, ‘‘moth-eaten’’ osteolyses, and
marked bone expansion when periosteal bone for-
mation has been induced (Benkeddache and Gottes-
man 1982). One metacarpal or phalangeal bone is
affected in about 70% of tuberculous infections, two
or several bones in the remaining cases. The affected
bones appear thickened and with increased radio-
density. Both tuberculous bone thickening and soft-
tissue swelling leads to a sausage-like deformity of
the ray affected. The clinical condition is termed
‘‘tuberculous dactylitis’’, and the radiographic
appearance is the ‘‘spina ventosa’’ presenting with
characteristic cyst-like bone expansion (Fig. 3c).
Differential diagnosis of dactylitis also includes
osteomyelitis of pyogenic, syphilitic, fungal, and
leprous origin as well as fibrous dysplasia, sarcoido-
sis, hyperparathyreoidism, and sickle cell anemia.
Sequestra are uncommon in skeletal tuberculosis.
Osteosclerotic bone is seen at the thickened perios-
teum and at the borders of marginal erosions in case
of concomitant tuberculous arthritis. In contrast-
enhanced MRI, an intense, ring-shaped enhancement
is observed at the small tubular bone(s) affected in
tuberculous osteomyelitis (Hsu et al. 2004).

Chronic Recurrent Multifocal Osteomyelitis

Chronic recurrent multifocal osteomyelitis (CMRO)
is a rare, aseptic condition of osteomyelitis seen in

children and adolescents and is characterized by a
prolonged or fluctuating course. Aside psoriatic skin
lesions, osteomyelitic lesions of unknown origin
appear synchronously (Kothari et al. 2001). Causative
organisms are usually not identified, and therefore,
both immunologic phenomena and a genetic predis-
position have been discussed in the pathogenesis.
Probably, there is an association to the entities of
plasma-cell osteomyelitis and Garre’s sclerosing
osteomyelitis.

In radiograms, involved bones have findings typ-
ical of osteomyelitis and/or Brodie abscess with
osteosclerotic lesions side by side with osteolytic
destruction. The clavicles and the bones of the lower
extremity are preferred locations. Scintigraphy is
useful in identifying the multifocal involvement of
CRMO (Kothari et al. 2001). Contrast-enhanced MRI
is well suited for the follow-up.

3.3 Differential Diagnosis

Osteosarcoma and Ewing’s sarcoma are very rare at
the hand skeleton. These malignant bone tumors must
be taken into differential diagnostic consideration,
when moth-eaten or permeative lesions are found in
the metaphysis or diaphysis of the short tubular bones
of the hand and when typical inflammatory signs are
initially absent in osteomyelitis. Furthermore,
advanced soft-tissue sarcomas can also lead to bone
destruction and can simulate the radiographic pattern
of osteomyelitis. However, soft-tissue sarcomas as
well as their osseous spread are rare at the hands.

4 Infectious Arthritis

Infectious arthritis is an acute joint disease which is
either caused by the articular implantation of a path-
ogen (‘‘primary infectious arthritis’’) or is triggered as
an immunologic answer (‘‘reactive post-infectious
arthritis’’) following a nasopharyngeal, respiratory,
urogenital or intestinal infection, e.g. acute rheumatic
fever following streptococcal tonsillitis (Resnick
1976; Murray 1998). The discussion of whether
infectious arthritis manifests in parallel with or
complementary to an immunologically induced bac-
terial arthritis is ongoing.
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Staphylococci are the most common pathogens in
about 70% of all bacterial joint infections (Hausman
and Lisser 1992; Murray 1998; Graif et al. 1999).
Some group preferences are evident: Streptococci and
Haemophilus influenzae are frequently seen in chil-
dren, Neisseria gonorrhoeae in young women, and
gram-negative rods in patients with immune defi-
ciency. Tuberculous, viral or parasitic pathogens can
be isolated less commonly (Hoyen et al. 1998).
Chlamydia, Borrelia burgdorferi (Lyme disease),
Mycobacterium leprae, Schistosoma haematobium as
well as hepatitis B and rubella viruses have been
identified aside others in the synovial fluid recently.
Risk factors of acquiring septic arthritis include dia-
betes mellitus, liver cirrhosis, alcohol or drug abuse,
malignancy, and the advanced age.

4.1 Bacterial Arthritis

Three different pathways (Tsai and Failla 1999;
Resnick 1976) are possible in pyogenic joint inflam-
mation (Figs. 1a, b): First, bacterial arthritis is caused
by spread of soft-tissue infection or by osteomyelitic
transmission from a neighbored bone. This pathway is
mostly seen at the finger joints. Second, pathogens
can be directly inoculated via a penetrating injury as
occurring in cuts, stabs and bites, and artificially
during a diagnostic or surgical procedure at the joint.
All joints of the hand can be involved in this pathway,
but the metacarpophalangeal and proximal interpha-
langeal regions are clearly preferred (Resnick 1976).
Third, bacterial arthritis arises from hematogenous
seeding of pathogens in patients suffering from severe
sepsis or severe immunologic deficiency. The carpal
joints are mostly affected by hematogenous arthritis
(Murray 1998).

The distribution pattern of pyogenic arthritis is
usually monoarticular (Resnick 1976). The symptoms
comprise low-grade fever, chills, and the focal signs
of infection (swelling, redness, heat, arthralgia, ten-
derness). The classical disease course begins at the
synovial membrane which becomes thickened and
edematous, thereby producing synovial fluid and pus.
The inflamed, pannus-like synovium initially induces
cartilage destruction, and then leads to deep erosions
at the subchondral bone plate. Depending on the
violence of the pathogen, the infected joint is pro-
gressively destroyed.

In radiograms, signs of pyogenic arthritis follow a
time-dependent pattern (Resnick 1976; Murray 1998;
Gonzalez et al. 1993). Initially, obliteration of the
periarticular soft-tissue planes (so-called ‘‘soft-tissue
sign’’) and a widened joint space caused by an infec-
tious joint effusion are seen. Intra-articular gas for-
mation is occasionally recognizable in gram-negative
bacterial arthritis. Hyperemia-induced osteopenia is
evident in about 8–10 days later (Fig. 9a), at first in
the subchondral bone plate, then covering the entire
epiphyseal area (so-called ‘‘collateral sign’’). Synovial
inflammation (Figs. 9b, e) leads subsequently to focal
bone erosions at the bare areas and soon involves the
entire articular space with poorly defined margins and
progressive destruction of the joint (so-called ‘‘direct
sign of arthritis’’). The joint space narrows progres-
sively with advanced destruction of the articular car-
tilage. Coarse erosions and destructive joint collapse
are characteristic radiographic findings in bacterial
arthritis (Fig. 9d–f). Finally, fibrous or bony ankylosis
can develop at the end of the healing process. Another
complication is the development of secondary
osteoarthritis.

Most cases of infectious arthritis at the hand can be
assessed clinically. At the wrist, the differential
diagnosis includes rheumatoid arthritis, which how-
ever presents with a typical articular distribution
pattern at the hands, and tuberculous arthritis, which
progresses more slowly compared to bacterial arthritis
(Graif et al. 1999). However, differential diagnosis
can be challenging when other joint diseases like the
calcium pyrophosphate dehydrate (CPPD) deposition
disease, gout arthropathy or rheumatoid arthritis pre-
cede the joint infection (Murray 1998). In this situa-
tion, indium- or technetium-labeled leukocyte bone
scans may be useful for differentiation (Pineda et al.
2009; Schauwecker 1989).

4.2 Tuberculous Arthritis

Tuberculosis osteomyelitis is commonly seen in
children, while tuberculous arthritis is mostly affect-
ing adults suffering from other underlying disorders
(Hoyen et al. 1998; Benkeddache and Gottesman
1982; Hsu et al. 2004). The pathways of tuberculous
arthritis comprise either primary joint infection or
initial osteomyelitis followed by secondary spread to
the joint(s). Typically, the latter is characterized by a
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less destructive course. The stages from articular
swelling to final joint destruction are passed through
slowly over a period of months to years.

In radiograms, signs of tuberculous arthritis are
first seen in about 2–4 months after the onset of
symptoms (Hoyen et al. 1998; Benkeddache and
Gottesman 1982). The radial side of the wrist and
midcarpus are mainly affected. The radiographic
features are best summarized by the Phemister’s triad
consisting of periarticular osteopenia, peripheral ero-
sions, and mild joint space narrowing (Fig. 3d): The
initial signs are soft-tissue swelling and periarticular
osteopenia. The joint space is preserved over a long
time, but is finally narrowing as the tuberculous
synovitis progresses. Fine erosions at the subchondral
bone plate lead to delineation of the articular con-
tours. In contrast, marginal punched-out defects and
central defects caused by granulomatous proliferation
are characteristic of the cystic form of carpal tuber-
culosis which presents with a ‘‘nibbling of cheese’’
pattern. Extensive bone destruction and fibrous or

bony ankylosis can develop if antituberculous medi-
cation is delayed or insufficient. Calcifications are
observed in concomitant soft-tissue abscesses and
during healing. In early stage of tuberculous arthritis,
the differential diagnoses include non-infectious
arthropathy such as rheumatoid arthritis, skeletal
sarcoidosis in case of cystic tuberculosis, and more
unlikely the pyogenic arthritis.

5 Rare Infections of the Hand
Skeleton

5.1 Syphilis

The spirochete Treponema pallidum is the pathogen
of congenital syphilis as well as in acquired syphilis
(Hoyen et al. 1998; Sachdev and Bery 1982). Symp-
toms of the survived congenital infection include
saber shins, a saddle nose, palate perforation, and the

Fig. 9 Hematogenous arthritis of the wrist in a 52-year-old
woman. Probably, the staphylococceal dissemination originated
from an acute maxillary sinusitis. The image collection
includes the initial imaging findings a–c 15 days after onset
of the symptoms, and a follow-up examination d–f 4 weeks
later for monitoring the antibiotic therapy response. a–c Initial
imaging findings: diffuse osteopenia of the wrist, no erosions
detectable (a). In the PD-weighted FSE sequence with

fat-saturation (b) and in the non-enhanced T1-weighted SE
image (c), diffuse bone marrow edema, carpal joint effusions,
and synovitis are evident. d–f Follow-up imaging findings:
multi-locular erosions have developed at the wrist bones and
the distal forearm. While deep erosions can already be seen in
the dorso-palmar X-ray view (d), the finest erosions are only
detectable in the contrast-enhanced T1-weighted SE sequence
with fat-saturation (e) and in high-resolution CT (f)
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Hutchinson’s triad (barrel-like teeth, keratitis, and
nerve deafness). Three stages are discernable in the
acquired disease: Focal skin ulceration develops at the
site of infection (primary syphilis), followed by gen-
eralized skin eruption several weeks later (secondary
syphilis). After healing, there is a prolonged syphilitic
dissemination in almost all organ systems with the
patients mostly being symptom-free. Many years
later, about half of the patients develop cutaneous,
cardiovascular, neurologic, and/or musculoskeletal
symptoms due to granulomatous (‘‘gummatous’’)
lesions (tertiary syphilis). The hand skeleton is rarely
involved.

Initially, the radiographs of newborns suffering
from congenital syphilis reveal erosive irregularities at
the epi-metaphyseal junctions induced by osteochon-
dritis (Sachdev and Bery 1982). After these findings
have disappeared, inflammatory enchondral and peri-
osteal hyperostosis is causative of dense and thickened

tubular bones. Bilateral and symmetric involvement of
the metacarpals or phalanges is characteristic of
syphilitic dactylitis in childhood. The radiographic
appearance resembles that of osteoidosteoma and
tuberculous dactylitis (Fig. 10a). In tertiary syphilis,
both the pathogenesis (osteochondritis, periostitis, and
osteomyelitis) as well as the radiologic appearance is
similar to that of tuberculosis, however, with the joints
being less severely involved. The main finding is
periosteal proliferation leading to significant enlarge-
ment of the tubular bones.

5.2 Gonococcal Arthritis

Gonococcal arthritis develops about 2 weeks after the
venereal infection with Neisseria gonorrhoeae. Poly-
articular symptoms are observed in gonococcal sepsis
only. Thus, gonococcal infection should be consid-
ered in sexually active patients presenting with
migratory polyarthralgias. Mostly, however, there is a
monoarticular infection with the carpal joints being
predominantly affected among other joints (Hoyen
et al. 1998) (Fig. 10b). If no gonococci can be proved
in the joint fluid, differential diagnosis should include
reactive arthritis and the postgonococcal Reiter’s
syndrome.

5.3 Leprosy (Hansen’s Disease)

In Africa, South America and Asia, leprosy is a
chronic infection caused by Mycobacterium leprae.
The clinical presentation is determined by an incu-
bation period over months and combinations of neu-
ral, osseous, and dermal leprosy (Hoyen et al. 1998).
Lymphadenopathy is seen in most cases. Involvement
of peripheral nerves is characteristic, particularly with
implantation of pathogens in Schwann’s cells of the
ulnar and peroneal nerves. Subsequently, progressive
denervation with sensory and motor impairment leads
to repetitive traumatic lesions and extensive superin-
fections. Leprous arthritis is either of hematogenous
origin or spread from the leprous bone marrow and
the soft tissues. The joint infection is located at the
carpal, metacarpophalangeal, and proximal interpha-
langeal joints. Finally, reactive arthritis can follow

Fig. 10 Venereal infections of the hand. a Characteristic
syphilitic dactylitis. In this child, dactylitis was limited to the
metacarpal bone of the left thumb. The affected bone is
increased in volume and radiodensity due to massive periosteal
hyperostosis. Courtesy of Dr. A.M. Davies, Birmingham, UK.
b Very rare case of an acquired gonococcal arthritis of the wrist
in a 63-year-old woman. Marked osteopenia of the carpal, distal
forearm, and the proximal metacarpal bones is evident. The
heights of the radiocarpal and midcarpal cartilage are
decreased, although there is a joint effusion with displaced
soft-tissue planes. Pre-existing osteoarthritis of the trapezio-
metacarpal joint
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leprosy in a typically symmetric pattern and is asso-
ciated with erythema nodosum.

Two different groups of leprous abnormalities
are visible in radiograms (Enna et al. 1971):
First, specific granulomatous lesions directly induced
by the pathogens are found at the metacarpal and
phalangeal bones in less than 10% of musculoskeletal
leprosy (osteitis leprosa multiplex cystica). Initially,
soft-tissue swelling is evident followed by periostitis
as the infection extends to the bones. Signs of leprous
osteomyelitis are focal osteopenia, enlarged nutrient
channels, and finally advanced bone destruction.
Second, unspecific neuropathic lesions account for the
great majority of leprosy. Progressive bone destruc-
tion is the result of neuropathic articular malfunction,
repetitive injuries, and additional superinfections.
Neuropathic leprosy is associated with significant
bone resorption and acro-osteolyses leading to the
characteristic ‘‘candystick appearance’’ of the meta-
carpals and phalanges with the index finger predom-
inantly affected (Fig. 11a). However, this
radiographic appearance is also seen in Charcot’s
osteoarthropathy as found in syringomyelia, syphilis,
and diabetes mellitus. Due to limited access to
advanced imaging techniques in the non-developed

countries, US and MRI are applied only in rare cases
of neural leprosy for depicting the enlarged or com-
pressed nerves (Martinoli et al. 2000). Finally, neural
calcifications have been reported.

5.4 Rare and Atypical Infections
of Bacterial Origin

These infections comprise a heterogeneous group
with the hand skeleton being rarely involved
(Hausman and Lisser 1992; Hoyen et al. 1998). The
radiographic appearance is unspecific in most dis-
eases. Occasionally, clinical or imaging findings can
guide for final diagnosis, like the ‘‘doigt en lorgnette’’
aspect (shortened phalanges due to infectious bone
resorption) in yaws (Jones 1972), or the late, but
fulminant ball-and-socket destruction of the digits
secondary to septic emboli in meningococcemia
(Patriquin et al. 1981) (Fig. 11b). Some infections do
not affect the hand skeleton although the site of
inoculation has been there, as seen in rickettsial-
induced cat-scratch disease which is characterized by
chronic lymphadenopathy proximally to the elbows.
Essential information is summarized in Table 1.

Fig. 11 Rare bacterial, fungal, and parasitic infections at the
hand. a Leprosy. There are acro-osteolyses at the terminal
phalanges leading to the ‘‘candystick’’ deformity of the middle
and ring fingers. Additionally, sclerosing osteomyelitis of the
middle phalanx of the middle finger is visible. Courtesy of Dr.
A.M. Davies, Birmingham, UK. b Mutilation stage of menin-
gococcal infection in an infant with osteomyelitic destruction of
the distal radial section and of the entire wrist. All fingers have
been amputated before because of severe septic embolism.

Courtesy of Dr. A.M. Davies, Birmingham, UK. c Mycetoma of
the hand in a child presenting with multi-locular soft-tissue
masses and advanced osteopenia. Manifestation of mycetoma at
the hand is very rare. Courtesy of Dr. A.M. Davies, Birming-
ham, UK. d Filariasis with detection of a calcified worm
remnant in the soft tissue of metacarpus. This was an incidental
finding in a woman suffering from known filariasis of her
breasts. Courtesy of Dr. M. Langen, Würzburg/Germany
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5.5 Viral Infections

Synovial infections have been observed in hepatitis B,
rubella (measles), mumps, variola (smallpox), par-
vo-B19-infection, in vaccinia and others. The carpal,
metacarpophalangeal, and proximal interphalangeal
joints can be involved. Episodic, symmetric polyarthritis
is observed which usually heals out. However, in ado-
lescents growth disturbance can be associated. Carpal
involvement can result in carpal tunnel syndrome.

Infections with rubella viruses can occur before
birth (intrauterine rubella), or after birth (postnatal
rubella), the latter induced either by contagious
infection or by active immunization. The carpal and
phalangeal joints are affected mostly by migratory
symptoms, and only in rare cases erosive arthropathy
resembling on juvenile chronic arthritis develops.

Variola (smallpox) is frequently manifested at the
elbow joints, whereas the hands are typically spared. In
the acute infection phase, radiographic signs are similar
to those of purulent osteomyelitis or arthritis. The
articular spread of variola tends to become chronic.

Patients suffering from the human immunodefi-
ciency virus (HIV) infection do not provide a specific

infection pattern at the hands (Eustace et al. 1996).
However, these individuals are often affected by
opportunistic bacterial infections (septic osteomyelitis
and/or arthritis, and pyomyositis), by seronegative
spondylarthropathic diseases, and by the development
of Kaposi’s sarcoma.

5.6 Fungal Infections

Fungal infections of the deep body layers and the
musculoskeletal system are rare in comparison with
their cutaneous manifestation (Amadio 1998). Almost
always, individuals suffering from immunosuppres-
sion, malignant or chronic renal diseases are affected.
Notably, candidiasis of the joints and bones is extre-
mely rare, although Candida organisms reside on the
human mucosal membranes. Fungal infections can be
transmitted by traumatic inoculation of pathogens
from the cutis into the depth or by hematogenous
dissemination. Histoplasmosis, mycetoma (Fig. 11c),
sporotrichosis, and coccidioidomycosis are tropical
diseases which can induce polyostotic bone infec-
tions. None of the fungal diseases present with a

Table 1 Rare and atypical infections of bacterial origin at the musculoskeletal system

Type of infection Pathogen Occurrence Imaging findings

Yaws Treponema pertenue Africa
South America
South Pacific
Islands
West Indies

Similar to those of syphilis in secondary and
tertiary yaws
Phalanges thickened (‘‘dactylitis’’) or
shortened (‘‘doigt en lorgnette’’)
Distal phalanges spared

Meningococcemia Neisseria meningitidis Ubiquitous Fulminant in childhood late after
meningococcal sepsis
Ball-and-socket deformities of the fingers as
the result of septic emboli

Lyme disease Borrelia burgdorferi transmitted
by the Ixodes ricinus tick

Ubiquitous
Northeastern United
States preferred

Joint effusions only
No radiographic findings in the presence of
intermittent and migrating arthralgia
Chronic oligoarthritis very rarely

Brucellosis Brucella abortus, melitensis or
suis

Midwestern United
States
Saudi Arabia
South America
Southern Europe

Septic arthritis and osteomyelitis
No specific manifestations on imaging
Like ‘‘atypical’’ tuberculosis

Actinomycosis Actinomycis israelii Ubiquitous Most frequent at mandible, spine and lung
Hand very rarely affected
Combination of osteolysis, sclerosis, and
abscess
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specific radiographic appearance at the hand skeleton.
The various symptoms range from self-limiting
arthralgia over acute polyarthritis to mutilating joint
destruction (Amadio 1998). The radiologic appear-
ance is cystic or honey-combed or even erosive
(Comstock and Wolson 1975). As a rule, fungal
arthritis has a slow course when compared to acute
pyogenic arthritis. As in other bone and joint infec-
tions, MRI provides detailed information about
the extent of bone and soft-tissue involvement.
Table 2 summarizes possible fungal infectious dis-
ease of the musculoskeletal system.

5.7 Parasitic Infections

Parasitic infections are extremely rare at the hands.
Late in the natural disease course, dead parasites can
cause bizarre calcifications in the soft tissues (Samuel
1950) (Fig. 11d). The form of these calcified rem-
nants is either cystic (echinococcosis), spotty
(cysticercosis) or linear and curled (filariasis, Loa
loa, Guinea worm disease). When such atypical cal-
cifications are detected and equivocal in origin, one
should consider the presence of one of these rare
parasitic infections.

Table 2 Fungal infections at the musculoskeletal system

Type of infection Pathogen Occurrence Imaging findings

Candidiasis
(Moniliasis)

Candida albicans Immunosuppression,
antibiotic therapy, or
diabetes mellitus common

Oral candidiasis, and disseminated
abscesses
In systemic candidiasis,
osteomyelitis and arthritis extremely
rare at the hand skeleton

Aspergillosis Aspergillus fumigatus Immunosuppression
common

Mostly lung and chest wall affected
Musculoskeletal system and hands
rarely involved
Localized bone destruction and soft-
tissue mass

Coccidioidomycosis Coccidiodes immitis United States
Mexico
South America

Lung and visceral dissemination
Protuberances preferred in skeletal
manifestation
Well-defined osteolyses

Sporotrichosis Sporothrix schenckii Ubiquitous
Immunosuppressed
individuals preferred

Primary infection of the skin and
lymph nodes
Carpal and phalangeal joints often
involved
Marginal erosions and osteomyelitis

Histoplasmosis Histoplasma capsulatum
Histoplasma dubosii

United States
Africa

Visceral and bone involvement
common
Cystic bone lesions at the wrist and
hand skeleton

Mycetoma
(Maduromycosis)

Mixed infection with
Actinomyces, Nocardia, and
Streptomyces pathogens

India
Tropical climates
Africa

Madura foot most common
Chronic granulomatous infection of
the subcutis and underlying bones
Hand very rarely affected

Blastomycosis Blastomyces dermatitidis North America
Central America
South America

Lung, lymph nodes, and skin
affected
Skeleton involved in 50% of cases,
the carpus included
Unspecific bone destruction
(erosions, osteomyelitis,
osteoclerotic margins)

Cryptococcosis
(Torulosis)

Cryptococcus neoformans Ubiquitous Predilection for the CNS
Osteolytic foci at the axial skeleton
and long bones, hand very rarely
affected
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6 Key Points

• Approximately 95% of all hand infections are
located within the soft tissues, with only 5%
involving bone or joint.

• The majority of superficial soft-tissue infections
can be managed clinically without the need of
imaging. However, radiographs, CT or MRI is
required in two clinical settings: First, if spread of
infection from the soft tissues to the adjacent bones
or joints is suspected. Second, if a deep palmar
abscess is suspected.

• In acute osteomyelitis, radiographic signs typically
lag behind the onset of the infection by 8–10 days.
In the majority of cases, initial findings are very
subtle, before marked and poorly defined bone
destruction appears.

• MRI is the most powerful imaging tool in detecting
and comprehensively staging soft tissue and bone
infections. Intravenous gadolinium is recom-
mended for better differentiating abscesses from
diffuse infections and the surrounding edema.

• CT imaging is best suited in chronic osteomyelitis
for depicting the osseous structures, particularly for
detecting sequestra that should be surgically
removed to reduce the risk of reactivation of the
osteomyelitis.

• Tuberculosis of the flexor tendon sheaths, the bones
or the joints of the hands should be considered with
slowly progressive infections associated with
painless swelling and/or a draining sinus.

• Full clinical information is required for correct
interpretation of the destructive bone and joint
changes. Identification of the causative pathogen is
mandatory to indicate the appropriate antibiotic
therapy. Imaging-guided aspiration can be useful
for this purpose.
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Abstract

Bone tumours affecting the hand and wrist are rare.
Only 2% of a series of 4,277 bone tumours were
located in the hand or wrist. Furthermore, primary
bone tumours are uncommon when compared with
tumours arising in the soft tissues of the hand.
Haber described 2,321 tumours of the hand with
only 38 cases involving bone.

1 Introduction

Bone tumours affecting the hand and wrist are rare.
Only 2% of a series of 4,277 bone tumours were
located in the hand or wrist (Dahlin 1995). Further-
more, primary bone tumours are uncommon when
compared with tumours arising in the soft tissues of
the hand. Haber described 2,321 tumours of the hand
with only 38 cases involving bone (cited by Garcia
and Bianchi 2001).

The majority of bone tumours that affect the hand
are benign. Of a series of 469 cases reported by
Campanacci and Laus (cited by Garcia and Bianchi
2001), only ten were malignant tumours, six of which
were metastases. The most frequent benign lesion is
enchondroma and the most common malignant lesion
is chondrosarcoma (Wilner 1982; Campbell et al.
1995). In Campbell et al. series of 80 bone tumours of
the hand and wrist, gender distribution was equal and
there was no left- or right-sided predominance
(Campbell et al. 1995). The proximal phalanges and
metacarpals are the most commonly affected locations
(Wilner 1982; Campbell et al. 1995). Radiographs are
sufficient to allow accurate diagnosis in the majority
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of bone tumours of the hand and wrist. Computed
tomography (CT) allows characterization of tumour
matrix and presence of bone destruction. Magnetic
resonance imaging (MRI) provides information
regarding the extent of marrow involvement and soft
tissue invasion.

This chapter reviews the most common benign and
malignant bone neoplasms of the hand and wrist. The
incidence, demographics, clinical presentation, dis-
tribution and imaging characteristics of these tumours
specific to this location are discussed.

2 Benign Bone Tumours of the Hand
and Wrist

2.1 Benign Cartilaginous Tumours

2.1.1 Enchondroma
Enchondromas are located more frequently in the
hand and wrist than any other part of the body,
accounting for up to 54% of all cases (Unni 1996).
It is believed that the tumour develops from fragments
of cartilage that originate from the central physis
(O’Connor and Bancroft 2004). They most frequently
occur in the proximal phalanx, followed by the
metacarpal and middle phalanx (Takigawa 1971).
Carpal enchondromas are rare and account for
approximately 2% of hand enchondromas (Takigawa
1971).

Typically, patients present with a pathological
fracture following minor trauma. Alternatively, the
tumour presents as a slowly enlarging mass or is
discovered incidentally on radiographs obtained for
other reasons (Fig. 1). Multiple hand enchondromas
may be encountered in association with either Ollier
disease or Maffucci syndrome. Ollier disease is
characterized by multiple enchondromas (Fig. 2),
whereas the presence of multiple enchondromas in
association with soft tissue haemangiomas is termed
Maffucci syndrome (Fig. 3). The distribution of
lesions tends to be in either a monomelic or hemim-
elic fashion. Both conditions are usually associated
with bone deformity. Several authors have reported an
association between enchondromatosis and chondro-
sarcoma of the hand (Fig. 4). Jaffe found malignant
change in 50% of his cases of Ollier disease (cited by
Liu et al. 1987). Liu et al. found the incidence of
chondrosarcoma developing in Ollier disease to be

30% (Liu et al. 1987). Schwartz et al. estimated that
development of chondrosarcoma in Mafucci syn-
drome was an ‘almost certainty’ (cited by O’Connor
and Bancroft 2004). To the best of our knowledge,
there are only 7 reports in the literature of chondro-
sarcoma of the hand arising from a pre-existent

Fig. 1 Enchondroma. There
is a lytic, mildly expansile
tumour in the proximal
phalanx containing punctate
cartilage calcification
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benign solitary enchondroma, confirmed on histology
and radiology (Culver et al. 1975, Justis and Dart.
1983, Nelson et al. 1990, Sbarbaro and Straub. 1960,
Trias et al. 1978, Wu et al. 1983). This may relate
more to the difficulty of establishing the presence of a
pre-existing unequivocally benign lesion when a rel-
atively small calibre bone is involved.

Radiographs show the enchondroma to be typically
located in the meta-diaphyseal region of the tubular
bones of the hand. It is classically a well-defined
radiolucent intramedullary lesion containing thin
internal trabeculations (Fig. 1). Endosteal scalloping,
cortical thinning and expansion of the bone are
commonly identified (O’Connor and Bancroft 2004).
Associated chondroid calcifications are noted less
often in enchondromas of the hand than at other
skeletal locations. Cross-sectional imaging is rarely

required to make the diagnosis but CT helps clarify
the presence of chondroid matrix and is superior to
MRI at delineating endosteal scalloping. Enchon-
droma has a distinctive appearance on MR imaging,
with multiple lobules of high signal intensity on T2W,
fat suppressed and STIR sequences. The high signal
characteristic is due to the hyaline cartilage content in
these lesions. Low signal septae are often seen sepa-
rating the lobules. Low signal foci corresponding to
chondroid matrix may also be apparent. Radiographic
features concerning for malignant transformation
include cortical destruction and an associated soft
tissue mass. A zone of lucency developing in a pre-
viously mineralized cartilage lesion is also suspicious
for malignancy (Sun et al. 1985). MR imaging is
useful in evaluating the extent of soft tissue extension
in cases where malignant transformation is suspected.

2.1.2 Periosteal Chondroma
Periosteal chondroma (also termed juxtacortical
chondroma) is a solitary, benign cartilaginous lesion

Fig. 2 Ollier disease. Multiple enchondromas arising in the
metacarpals and phalanges

Fig. 3 Maffucci syndrome. Multiple enchondromas in associ-
ation with soft tissue angiomas. Multiple calcified phleboliths
are present
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that arises in the periosteum or adjacent soft tissues
(O’Connor and Bancroft 2004). It is a rare tumour that
was first described by Liechtenstein and Hall in
(1952). It represents less than 2% of bone neoplasms
(Robbin and Murphey 2000). The lesion is most
common in males usually presenting in the second
decade of life but the age range is broad (de Santos
and Spjut 1981). While the lesion most commonly
affects the metaphyses or metadiaphyses of the long
bones, between 25 and 29% involve the hands and
feet (deSantos and Spjut 1981; Boriani et al. 1983).

Scalloping of the cortex is a typical radiographic
feature and can range from minimal change to dis-
placement of cortex into the medullary cavity
(Fig. 5). Sclerosis is typically present at the base of
the lesion. Overhanging edges are seen at the margin
which may completely or partially encircle the lesion.
A visible soft tissue mass with associated chondroid
matrix is seen in about 50% of cases and is more
commonly associated with small lesions of the hands
and feet (deSantos and Spjut 1981; Robbin and

Murphey 2000). CT and MRI are useful in demon-
strating the presence of an outer periosteal shell, soft
tissue mass and calcified matrix. MRI demonstrates a
juxtacortical mass of low to intermediate T1 and high
T2 signal reflecting the hyaline cartilage content of
the lesion. Robinson et al. found that size was the
most reliable criteria for differentiating periosteal
chondrosarcoma from periosteal chondroma (Robin-
son et al. 2001). In their series, periosteal chondro-
sarcomas were larger and never less than 3 cm in size.
Other features such as intramedullary extension on

Fig. 4 Malignant transformation in Ollier disease. Multiple
enchondromas with a large chondrosarcoma arising in the
second metacarpal

Fig. 5 Periosteal chondroma. a There is an eccentric lytic
lesion arising in the base of the middle phalanx in a child.
b 11 years later, the lesion extends down to the subarticular
margin
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radiographs and intramedullary oedema on MRI were
less specific.

2.1.3 Osteochondroma
Osteochondromas are benign bony projections that
are capped by cartilaginous tissue. They typically
arise in long tubular bones that develop by enchondral
ossification. The lesion is believed to originate from
an aberrant focus of cartilage. Although osteochon-
dromas are the most common benign bone tumour,
occurrence in the bones of the hands and feet is
uncommon. In Ostrowski and Spjut’s series of 240
lesions of the hand and feet, only 3% were osteo-
chondromas (Ostrowski and Spjut 1997). Only 4% of
osteochondromas involve the hands (Unni 1996).

The proximal phalanx is the most common loca-
tion of solitary hand osteochondroma (O’Connor and
Bancroft 2004i, Kamath et al. 2007). The metacarpals
are a less common location (Fig. 6). In Unni’s series
of 1,024 solitary osteochondromas, only 4 (0.39%)
were present in the metacarpals (Unni 1996). Solitary
osteochondroma of the carpus is even rarer. It most
frequently affects the scaphoid but has been reported
in the capitate, hamate, lunate and trapezium
(Heiple 1961; Malhotra et al. 1992; Van Alphen et al.
1996; Takagi et al. 2005; Koti et al. 2009). Since
solitary osteochondroma of the hand is rare, patients
should be assessed for hereditary multiple exostoses
(HME).

Osteochondromas are usually asymptomatic in the
hand unless they lie in a position that interferes with
function. Trigger finger due to impingement of the
flexor tendons by an osteochondroma has been
reported (Al-Harthy and Rayan 2003). Growth around
a joint may lead to blocking of motion at the joint or a
pseudomallet deformity (Karr et al. 1984; Murase
et al. 2002). In children, osteochondroma may be
extremely small and difficult to identify as a cause of
finger deformity (Moore et al. 1983). Fracture at the
base of the lesion may occur (O’Connor and Bancroft
2004).

HME is an autosomal dominant skeletal disorder
affecting the enchondral skeleton during growth,
characterized by thickening and deformity of the
growing bone with formation of numerous cartilage-
capped exostoses. The overall incidence of hand
lesions in HME is 79% (Solomon 1967). In this
condition, the ulnar metacarpals and proximal pha-
langes are most commonly affected, with the thumb,

distal phalanges and carpal bones less commonly
involved. Shortening of the 4th and 5th metacarpals is
also a characteristic feature of the condition. Multiple
lesions are typical in these patients with an average of
11.6 exostoses per hand (Fig. 7) (Cates and Burgess
1991). They affect the forearm (40–60%) more
commonly than the upper arm. It has been concluded
that an increasing distal radius involvement in HME
is associated with a greater severity of the disease
process overall (Taniguchi 1995). Disruption of the
normal epiphyseal growth plate in HME leads to limb
length discrepancies and angular deformity at the
ends of long bones. This can present around the hip,
knee, elbow and wrist. At the wrist, ulnar shortening
leads to secondary bowing deformity of the distal
radius giving rise to a pseudo-Madelung deformity
(Fig. 7) (Vanhoenacker et al. 2001).

The risk of developing chondrosarcoma in a soli-
tary osteochondroma is between 2 and 3% rising to
5–25% in patients with HME (Crandall et al. 1984,
Garrison et al. 1982). However, these risks may be
overstated as most series originate from tertiary
orthopaedic oncology referral centres. The mean age
of malignant transformation is 30 years and the most
common site is the ilium (Garrison et al. 1982).
To our knowledge, only one chondrosarcoma of the
hand developing from a solitary osteochondroma has
been reported in the literature (Cash and Habermann
1988). As with solitary osteochondromas, more
peripherally located tumours are less likely to
undergo malignant transformation in patients with
HME. A chondrosarcoma of the hand arising in a

Fig. 6 Osteochondroma. It is
arising from the surface of the
distal 4th metacarpal. Note
that there is continuity of
trabeculae within the lesion
and the underlying medullary
bone
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patient with HME has only twice been reported in the
literature (Fig. 8) (Ostlere et al. 1991; Saunders et al.
1997).

Osteochondromas of the hand are typically sessile
lesions which show continuity with the underlying
medullary cavity of the bone of origin (Fig. 6). Most
osteochondromas related to HME are juxta-epiphyseal
in location (Fig. 7); the non-epiphyseal end of bone
being the next most common and the diaphysis the
least common location. Radiographs aid in demon-
strating complications of osteochondromas such as
fracture, growth disturbance, osseous deformity or
malignant change. Any increase in size of a lesion
after skeletal maturity is concerning for sarcomatous
change and necessitates further evaluation. Loss of
a previously well-defined margin, lucency within a
previously mineralized area in the cartilage cap and a
cap thickness of 2 cm or above are also concerning

features (Fig. 8b) (Ostlere et al. 1991). MR imaging
provides precise information about thickness of the
cartilage cap that has high signal intensity on T2 spin
echo sequences and is important when assessing
potential malignant transformation. It also provides
information regarding complications such as reactive
bursa formation, neural impingement and vascular
compromise.

Two cases of dysplasia epiphysealis hemimelica
(Trevor’s disease) have been reported in the hand both
arising at a proximal interphalangeal joint (De Smet
2004). This condition is characterized by asymmetric
overgrowth of epiphyseal cartilage or an accessory
eiphyseal ossification centre. This leads to excessive
growth of the epiphysis with resultant bony protrusion.
Though a distinct condition from osteochondroma,
radiographs demonstrate an osteochondroma-like
protruberans arising from an epiphysis (Fig. 9).

2.2 Giant Cell Tumour of Bone and Giant
Cell Reparative Granuloma

Giant cell tumour of bone (GCTOB) is a benign,
locally aggressive primary tumour of bone. Histolog-
ically, the tumour is characterized by the diffuse
presence of osteoclastic, multinucleated giant cells in
a background of mononuclear cells (Murphey et al.
2001). It accounts for 4.5% of primary bone tumours
(Murphey et al. 2001) and 21% of benign skeletal
tumours (Moser et al. 1990). The tumour most com-
monly occurs in the distal femur, proximal tibia and
distal radius of skeletally mature individuals (Fig. 10).
Only 2–3% of tumours arise in the bones of the hand
(Minguella 1982; Athanasian 2004). A review of 1,228
cases of GCTOB found almost 1% occurred in the
metacarpals (Fig. 11) and 1% in the phalanges
(Averill et al. 1980). In a series of 452 cases of
GCTOB, 57 occurred in the hand and wrist (James
and Davies 2005). In this series, 11 (2%) cases were
located in a metacarpal and 3 (1%) in a phalanx, the
rest comprising lesions of the distal radius and ulna.
Involvement of the carpal bones is very rare. In a
literature review of GCTOB published in 2006,
Shigematsu et al. found only 29 of 193 (15%)
reported cases of GCTOB of the hand occurred in the
carpus (Shigematsu et al. 2006). With the exception
of the pisiform, all the carpal bones were represented
with the hamate being the most common location.

Fig. 7 Hereditary multiple exostoses (diaphyseal aclasis).
Multiple small osteochondromas and a pseudo-Madelung
deformity of the wrist
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There is a slight female preponderance in cases of
GCTOB arising in the small bones of the hand
(Athanasian et al. 1997; Biscaglia et al. 2000). The
age range is similar to that of GCTOB at other loca-
tions, occurring most commonly in the third decade

though the age range is wide (Athanasian et al. 1997;
James and Davies 2005). Lesions in skeletally
immature individuals account for between 2 and 6%
of all GCTOB (Picci et al. 1983 Kransdorf et al.
1992). When arising in the small bones of the hand
and wrist, patients usually present with pain and
swelling but may also present with a pathological
fracture (Biscaglia et al. 2000). The average duration
of symptoms is between 6 and 8 months (Sanjay et al.
1996; Biscaglia et al. 2000).

GCTOB is usually monostotic, but multicentric
cases have been described. The rate of multicentric
GCTOB in the hand and wrist is between 7 and 18%
(James and Davies 2005; Wold and Swee 1984;
Sanjay et al. 1996) compared to less than 1% at other
locations. GCTOB is generally considered a benign
lesion but does have metastatic potential with risk of
spread to the lungs. The overall risk of metastasis in
GCTOB is between 1 and 9% (Harness and Mankin
2004; Jaffe 1935; Jaffe et al. 1940; Rock et al. 1984).
Of a series of 21 cases occurring in the hand, 5%
developed pulmonary metastases (Averill et al. 1980).
Tumours of the distal radius have been implicated in
the literature as the most common primary site in

Fig. 8 Malignant
transformation in hereditary
multiple exostoses. a PA
oblique radiograph and
b coronal T1-weighted MR
image showing a large
peripheral low-grade
chondrosarcoma arising from
the second metacarpal. Note
the thick cartilaginous cap in
the MR image ([2 cm)

Fig. 9 Dysplasia epiphysealis hemimelica (Trevor disease).
There is a modelling deformity with an osteochondroma-like
mass arising from the distal ulnar epiphysis
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patients with pulmonary metastases (Athanasian et al.
1997). Earlier and higher rates of recurrence in
GCTOB of the hand, compared to the tumour at other
sites, have been reported (Patel et al. 1987). The risk
of recurrence in the hand is reported as 83% (Averill
et al. 1980) compared to 25% at other locations
(O’Donnell et al. 1994; McDonald et al. 1986).
Malignant GCTOB is known to occur and may be
primary but usually occurs as a secondary tumour,
usually due to sarcomatous transformation following
radiotherapy. Malignant GCTOB of the distal radius
has been reported (Pho 1981), but to the best of our
knowledge, it has not been reported in the small bones
of the hand and wrist.

Lesions in the distal radius demonstrate an eccen-
tric, expansile, lytic lesion located in a subarticular
position involving the epiphysis and metaphysis as is
typically seen elsewhere in the skeleton (Fig. 10a). In

skeletally immature patients, the tumour is typically
metaphyseal though extension across the growth plate
into the epiphysis is rarely observed (Kransdorf et al.
1992; Picci et al. 1983). The metacarpals and pha-
langes effectively represent the equivalent of a long
bone in the hand (Fig. 11). The tumour occurs in a
more central location in the bones of the hand proba-
bly due to the limited volume of bone (James and
Davies 2005). A narrow zone of transition is seen at
the metaphyseal margin of the lesion, and there is
typically no matrix mineralization. Internal trabecu-
lation is common but the pattern may vary from fine
striations to coarse trabeculation (Fig. 10a). Periosteal
reaction is unusual unless there is a complicating
fracture (James and Davies 2005). Thinning of the
cortex and extension into the soft tissues is well rec-
ognized in GCTOB. Campanacci et al. described a
grading system based on radiographic findings: Stage I

Fig. 10 Giant cell tumour.
a PA radiograph showing a
subarticular, expansile, lytic
lesion in the distal radius with
a trabeculated contour.
b Coronal T1-weighted and
c Axial T2-weighted MR
images showing the extent of
the lesion and low signal areas
due to the presence of
haemosiderin
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where lesions do not distort of perforate the cortex;
Stage II where lesions expand or distort the cortex but
do not extend into soft tissues; and Stage III where
there is cortical destruction and soft tissue exten-
sion (Campanacci et al. 1979). Stage III tumours are
associated with a higher rate of recurrence (O’Donnell
et al. 1994). Technetium 99-m bone scintigraphy may
demonstrate a classic ‘‘doughnut’’ configuration with
avid uptake at the periphery of the tumour and a rel-
atively photopenic centre. The routine use of bone
scintigraphy has been advocated by some authors
where hand lesions are identified given the higher
frequency of multicentric lesions at this location
(Averill et al. 1980; Wold and Swee 1984; Peimer
et al. 1980).

Lesions in the hand and wrist show similar MR
imaging characteristics to GCTOB elsewhere in the
body (Fig. 10b). MRI defines the intra- and extra-
osseous extent of the tumour. Low signal intensity on
all sequences can be seen which is indicative of
chronic haemosiderin deposition in GCTOB (Fig. 10c)
(Aoki et al. 1996). Fluid–fluid levels may be demon-
strated within the tumour mass, indicating the pres-
ence of secondary aneurysmal bone cyst (ABC)
formation.

Giant-cell reparative granuloma (GCRG) is a
reactive process that most commonly involves the

mandible, maxilla and small bones of the hands and
feet. It has been suggested that this lesion may be
morphologically related or may constitute the same
clinical entity as GCTOB (Gouin et al. 2003). Others
have however expressed a differing opinion (Murphey
et al. 2001). Histologically, GCRG is characterized by
fibroblasts and clusters of multinucleated giant cells
surrounded by foci of haemorrhage which may also
contain areas of osteoid matrix and aneurysmal bone
cyst formation (Yamaguchi and Dorfman 2001;
Murphey et al. 2001; Macdonald et al. 2003).
In general, GCRG affects a younger age group than
GCTOB, with presentation often seen in skeletally
immature patients. Sex distribution is equal in GCRG
of the hands and feet (Ratner and Dorfman 1990).
As with GCTOB, clinical presentation may be non-
specific. GCRG most commonly affects the pha-
langes, followed by the metacarpals and carpal bones
(Fig. 12) (Yamaguchi and Dorfman 2001). The
tumours are metaphyseal in location, and unlike in
GCTOB, involvement of the epiphysis is rare
(Murphey et al. 2001). To our knowledge, extension
of GCRG across an unfused physis has not been
reported. The tumours may have an expansile, lytic
radiographic appearance and may demonstrate corti-
cal destruction (Fig. 11). Pathological fracture and
periosteal reaction are rarely seen (Wold et al. 1986).

2.3 Bone Cysts

Aneurysmal bone cyst (ABC) is rare accounting for
between 5 and 6% of benign bone tumours (Huvos
1991). ABCs are composed histologically of blood-
filled cavities lined by giant cell osteoclasts, fibrous
tissue and woven bone. The most common locations
of ABC are the proximal tibia, humerus and pelvis.
ABC of the hand is rare. In a series of 516 ABCs, only
17 lesions occurred in the hand (Fuhr and Hendron
1979). Of 95 cases reviewed by Tillman et al., only 3
were in the hand (Tillman et al. 1968).

ABC most commonly presents in the second dec-
ade of life and has an equal distribution among males
and females. In a review of the literature, Platt and
Klugman concluded that ABC of the hand most
commonly involves the metacarpals (52%) followed
by the phalanges (36%) and carpal bones 4% (Platt
and Klugman 1995). An unusual case of ABC arising
in a sesamoid bone of the hand has been reported

Fig. 11 Giant cell tumour. a PA radiograph at presentation
showing a small area of permeative bone destruction in the
proximal 1st metacarpal. b 4 months later without treatment the
tumour has enlarged dramatically and is destroying much of the
metacarpal
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(Havulinna et al. 2005). Trauma is implicated in
association with almost half of the published cases of
hand ABC; however, many authors suggest this is
coincidental and has simply drawn attention to a pre-
existing lesion. Typically, the patient presents with a
slowly enlarging mass that may or may not be painful
(Athanasian 2004). On examination, there may be
extensive swelling and warmth. Patients may present
with a pathological fracture.

Radiographs of the hand demonstrate a central,
expansile, lytic lesion that causes cortical thinning.
ABCs are normally epiphyseal or metaphyseal in
location (Fig. 13). Subperiosteal ABCs are eccentri-
cally located and tend to involve the metaphysis or
metadiaphysis. These lesions grow outside the confine
of normal bone but are limited externally by perios-
teum and internally by endosteum (James and Davies
2006). Only two cases of subperiosteal ABC have
been reported in the hand, one in a metacarpal and the
other in a phalanx (Fig. 14a) (Alnot et al. 1983;
Maiya et al. 2002). ABCs may be surrounded by a
sclerotic margin. Matrix trabeculations are sometimes
observed and may be mixed or lytic. Pathological
cortical fractures are associated with a periosteal
reaction. When the lesion presents in the distal pha-
lanx, significant bone destruction may occur. The
natural history of ABC is that of progressive
enlargement and bone destruction though some
authors have noted spontaneous healing or healing
following minor disturbance such as fracture or
biopsy (Chalmers 1981; Leeson et al. 1988). MR and
CT imaging, as in other skeletal locations, may

demonstrate fluid–fluid levels which are suggestive
but not diagnostic of ABC (Fig. 14b, c). The possi-
bility of secondary ABC formation in a pre-existing
lesion should always be considered. Both radiologi-
cally and histologically the lesion may be confused
with telangiectatic osteosarcoma; however, the latter
entity is rarer than ABC in the hand. Although ABC
can be locally aggressive, it is not known to have

Fig. 12 Giant cell reparative
granuloma. a PA radiograph
b Coronal T1-weighted and
c Coronal STIR MR images
showing a lytic, expansile
lesion destroying the proximal
third of the first metacarpal

Fig. 13 Aneurysmal bone cyst. Two different cases both in
children. There a lytic, expansile, juxta-epiphyseal lesions
arising in the proximal phalanx and distal radius
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metastatic potential. Local recurrence after curettage
has been widely reported.

Simple bone cyst, also termed unicameral bone
cyst, is a tumour-like lesion of unknown cause.
It consists of a bony cavity, lined by a thin membrane
and filled with fluid. It most commonly arises in the
proximal humerus and proximal femur with 85%
occurring pre-skeletal fusion. Involvement of the
hand and wrist is rare. Radiographic features, irre-
spective of site, are those of a benign looking, lytic
lesion arising in the metaphysis of a long bone. Fre-
quently, cases present with a pathological fracture
following only minor trauma (Fig. 15a). In time the
cyst will grow away from physis with the laying down
of normal intervening trabecular bone (Fig. 15b).

Intraosseous ganglia are benign non-neoplastic
bone lesions that are histologically similar to their soft
tissue counterpart. The terms intraosseous ganglion,
subchondral cyst or geode are often applied inter-
changeably, although the latter are more frequently
used to describe juxta-articular lesions associated
with degenerative or inflammatory joint disease
(Williams et al. 2004). They appear as well-defined
subarticular lytic lesions. When not associated with
degenerative joint disease, they can mimic other
juxta-articular lesions such as giant cell tumour
(Fig. 16). Cases arising in the carpal bones are not
uncommon, can be multiple and bilateral (Logan et al.
1992; Lorente et al. 1992).

2.4 Osteoid Osteoma

Osteoid osteoma is a benign osteoblastic tumour that
was first described in 1935 (Jaffe 1935). The tumour
consists of an area of variably calcified osteoid tissue
within a stroma of relatively loose vascular connective
tissue. A rim of sclerotic reactive bone, less than 2 cm
in diameter, surrounds the lesion and there may be a

Fig. 14 Subperiosteal
aneurysmal bone cyst.
a Oblique radiograph showing
a thin shell of periosteal new
bone arising from the second
metacarpal. b Axial T1- and
c Axial T2-weighted fat
suppressed MR images
showing an eccentric lesion
with fluid–fluid levels

Fig. 15 Simple bone cyst. a PA radiograph showing a
pathological fracture through a lytic lesion in the distal radial
metaphysis. b 2 years later the fracture has healed. The lesion is
mildly expansile and has started to grow away from the distal
radial growth plate
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periosteal reaction. Approximately 10% of cases of
osteoid osteoma involve the hand and wrist: 6% the
phalanges, 2% the metacarpals and 2% the carpal
bones (Jackson et al. 1977). The middle phalanges are
the least commonly affected bones in the hand (Bednar
et al. 1993; Ambrosia et al. 1987; Marcuzzi et al. 2002;
Rex et al. 1997).

In general, osteoid osteoma most commonly pre-
sents in the second decade of life and has a 2:1 male
to female ratio (Jackson et al. 1977). In Marcuzzi
et al. series of 18 cases of osteoid osteomas of the
hand and wrist, the male: female ratio was equal and
the average age at presentation was 27 years
(Marcuzzi et al. 2002). Typical clinical symptoms are
of gradually increasing pain and swelling. Juxta-
articular location can lead to restriction of movement.
Physical signs often vary depending on the site of
clinical symptoms. Proximal and middle phalanx
involvement may be associated with a grossly
enlarged phalanx with hypertrophy of the soft tissues,
while distal phalanx involvement may lead to finger
clubbing and hypertrophy of the nail (Marcuzzi et al.
2002; Rosborough 1966). The average duration of
symptoms for osteoid osteoma of the hand and wrist
before diagnosis is between 13 and 15 months (Bed-
nar et al. 1993; Doyle et al. 1985; Marcuzzi et al.
2002). However based on reports in the literature,
painless osteoid osteoma appears to occur in the digits
more frequently than in any other skeletal location
(Basu et al. 1999; Lawrie et al. 1970; Rex et al. 1997;
Wiss and Reid 1983).

Osteoid osteomas may arise centrally in the medulla,
in the cortex or in a subperiosteal location. As with

other skeletal sites, the cortex is the most common
location for osteoid osteomas of the hand and wrist.

Subperiosteal lesions are extremely rare in the hand,
with only limited reported cases (Crosby and Murphy
1988; Kayser et al. 1998; Shankman et al. 1997). The
typical radiographic appearance is that of a small,
radiolucent lesion or nidus surrounded by an area of
bone sclerosis (Fig. 17). Lesions noted in the subpe-
riosteum have atypical radiographic findings (Fig. 18).
Of 18 hand and wrist osteoid osteomas reported by
Marcuzzi et al., only two had characteristic appear-
ances on radiographs (Marcuzzi et al. 2002). Initially,
these were normal in almost all patients, with bony
abnormality becoming visible from 6 to up to
25 months. As with other skeletal locations, bone
scintigraphy of osteoid osteoma of the hand and wrist
shows a well-defined focal area of increased activity
during all three phases of a technetium-99 MDP scan.
Findings can be non-specific with diffuse uptake of
radionuclide in the area of the lesion. CT is the most
specific investigation (Fig. 18b) (Assoun et al. 1994).
This characteristically shows a lytic lesion with a
central granular opacity surrounded by a sclerotic
margin. While MRI is the most sensitive imaging
modality, it lacks specificity and can be misleading in
the absence of radiographs and radionuclide scans
(Assoun et al. 1994). The typical MRI pattern is that of
a lesion composed of a hypointense, sclerotic centre
with a high T2 signal rim surrounded by marrow
oedema (Kreitner et al. 1999). Soft tissue oedema is
also commonly present. MRI however is often non-
specific particularly when there is diffuse oedema. It is
also non-specific in differentiating osseous neoplasms

Fig. 16 Intraosseous
ganglion. Two different cases
showing subarticular lytic
lesions involving a the distal
ulna and b the distal radius.
This second case also shows
scapho-lunate disassociation
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like osteoid osteoma from low-grade infection and
florid reactive periostitis (Ehara et al. 1994).

2.5 Focal Proliferative Periosteal
Processes

Florid reactive periostitis (FRP) was first reported in
1933 by Mallory (cited by Jambhekar et al. 2004).
Subsequently, bizarre parosteal osteochondromatous
proliferation (BPOP) of the phalanges was described
as a new radiopathological entity by Nora et al. (1983).
Initially, these two conditions were considered to
represent two distinct processes. Yuen et al. proposed a
hypothesis that the two entities, along with turret
exostosis, are part of a continuous spectrum of the
same process (Yuen et al. 1992). They suggested that
initial subperiosteal haemorrhage causes a localized
fusiform periostitis consistent with FRP. Later the
periostitis becomes incorporated into cortex and
remodelling leads to a broad-based cancellous protr-
uberance that is characteristic for BPOP. Sundaram

et al. reported a series of three cases where a pre-
sumptive radiographic diagnosis of FRP was made,
biopsy withheld and the patients closely followed-up
with serial radiographs (Sundaram et al. 2001). They
observed maturing of the periosteal reaction as
expected in BPOP, leading them to also conclude that
FRP can progress to BPOP.

2.5.1 Florid Reactive Periostitis
The term Florid reactive periostitis was first used by
Spjut and Dorfman in their series of 12 cases (Spjut
and Dorfman 1981). Because of its histological
resemblance to nodular fasciitis, other names used to
describe the entity have included Fasciitis ossificans
and Parosteal fasciitis (Hutter et al. 1962; Kwittken
and Branche 1969). Dupree and Enzinger, in a series
of 21 cases, used the term Fibro-Osseous pseudotu-
mour of the digits. They dispute its periosteal origin
suggesting it arises from soft tissues and surrounding
fibrous structures (Dupree and Enzinger 1986).

FRP is more frequent in the second and third
decades of life (Callahan et al. 1985; Rogers et al.
1999). According to Flechner and Mills, there is a
slight female preponderance (quoted by Solana et al.
2003). An antecedent history of trauma is present in
between 10 and 50% of cases of FRP (Spjut and
Dorfman 1981; Michelsen et al. 2004). The majority
of cases involve the proximal phalanx, followed by
the middle phalanx, metacarpal and distal phalanx in
decreasing order of frequency (Rogers et al.1999).
Radiographs typically demonstrate soft tissue swell-
ing with intralesional calcification (Howard et al.
1996). Periosteal reaction is present in approximately
50% of cases and can either be lamellated or mature
(Fig. 35.20a) (Howard et al. 1996; Spjut and Dorfman
1981). Cortical erosions associated with FRP have
been described in several series (Spjut and Dorfman
1981; Dupree and Enzinger 1986; Landsman et al.
1990; Jongewood et al. 1985; Howard et al. 1996). All
were successfully managed with marginal resection
which led Howard et al. to conclude that lesions with
cortical erosion should not be considered an aggres-
sive form of the disease. The main radiological
differential diagnoses include osteomyelitis and par-
osteal osteosarcoma. Concern regarding a delay in
treatment for potential malignancy often leads to
hastily performed surgical procedures (Jambhekar
et al. 2004). Sundaram et al. advocate more pro-
spective radiological diagnosis of FRP with close

Fig. 17 Osteoid osteoma.
There is sclerosis and
thickening of the middle
phalanx with a faint lucent
cavity containing a focus of
calcification representing the
nidus of the lesion
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clinical and radiographic follow-up to allow more
appropriate and timely intervention (Sundaram et al.
2001).

2.5.2 Bizarre Parosteal
Osteochondromatous Proliferation

Since its initial description by Nora, several case
series and case reports of BPOP have been pub-
lished. Of 65 cases in Meneses series, 36 (55%)
were located in the hand (Meneses et al. 1993).
Though the age at which presentation occurs is wide,
peak incidence tends to be in the third and fourth
decades (Meneses et al. 1993). There is no sex
predilection. An antecedent history of trauma is
uncommon but is reported by some authors
(Meneses et al. 1993; Michelsen et al. 2004). Typi-
cally, presentation is insidious and characterized by
a slow-growing, usually painless mass. Radiographs
demonstrate a well-marginated mineralized mass
arising from the cortical surface of the affected bone
(Fig. 19b) (Nora et al. 1983). Though the cortex is
classically unaffected, one case report describes
cortical erosion in association with BPOP, but this
was in the distal radius (Helliwell et al. 2001). The
lesion can measure from 0.4 to 4 cm (Nora et al.
1983; Dhondt et al. 2006). Occurrence is 4 times
more common in the hand than the foot. Fifty

percent of cases affect the proximal phalanges with
the remainder evenly distributed between the middle
phalanges and metacarpals (Bednar et al. 1995
quoted by Torreggiani et al. 2001). The distal pha-
lanx tends not to be involved. The characteristic
radiological findings that differentiate BPOP from
osteochondroma are the lack of cortical flaring at the
margin of the protruberance and the absence of
continuity of the lesion with medulla of underlying
bone. Rybak et al. however have reported a series of
histologically proven BPOP cases where medullary
communication was demonstrated leading them to
hypothesize that a continuum also exists between
BPOP and osteochondroma (Rybak et al. 2007).
None of the cases in this series were in the hand.

CT is of value in demonstrating the relationship
between the lesion and underlying cortex and estab-
lishing that there is not continuity with the medullary
cavity. There are a number of reports of the charac-
teristic MRI appearances of BPOP (Tannenbaum and
Biermann 1997; Torreggiani et al. 2001; Orui et al.
2001). The lesion is of low signal intensity on T1-
weighted images and high signal intensity on T2 and
STIR-weighted images (Torreggiani et al. 2001). The
medulla and surrounding soft tissues are usually
normal in appearance though Orui reported a case
with oedema in both medulla and surrounding soft
tissues (Orui et al. 2001).

Fig. 18 Subperiosteal
osteoid osteoma.
a Radiograph showing
periosteal new bone formation
along the 1st metacarpal with
a faint eccentric nidus located
distally. b Axial CT reveals
the nidus formed by the
subperiosteal cavity and
containing a small focus of
calcification
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Definitive treatment is surgical excision. The
recurrence rate is however high. There was recurrence
in 18 of the 35 cases in Nora’s series and 22 of 40
cases where follow-up was available in Meneses
series. A case of fibrosarcoma in association with
BPOP has been reported in the distal fibula
(Choi et al. 2001) To the authors knowledge, this is
the only reported case of malignancy associated
with BPOP. There have been no reported cases of
metastatic disease.

2.5.3 Turret Exotosis
Turret exostosis is a rare complication of trauma to
the fingers. It is thought to result from breach of the
periosteum with formation and subsequent ossifica-
tion of subperiosteal haemorrhage. The index and
little finger digits are most frequently involved
(Wissinger et al. 1966; Lee and Kaplan 1974; Bour-
guignon 1981). The phalanges are the typical location
for the lesion, but a case involving a metacarpal has

been reported (Rubin and Steinberg 1996). The lesion
usually occurs on the dorsal surface of the affected
phalanx with only one case reported to date arising on
the volar aspect (Mohanna et al. 2000).

A firm mass is usually palpable on clinical pre-
sentation, and there may be loss of function of the
digit distal to the exostosis due to excursion of the
extensor tendons (Mohanna et al. 2000). There is
almost always an antecedent history of trauma usually
in the form of a laceration. Radiographically, the
earliest finding is soft tissue swelling. A poorly
defined, fragmented collection of subperiosteal new
bone may be seen up to about 4 months from the
initial injury (James and Davies 2005). The mature
lesion demonstrates a narrow body with a smooth
dome and usually lies deep to the extensor apparatus
(Fig. 19c). Most authors recommend a 6-month per-
iod between the episode of trauma and local excision
of the lesion (Rubin and Steinberg 1996; Mohanna
et al. 2000). Excision of the lesion before it has fully

Fig. 19 Focal proliferative
periosteal processes. a Florid
reactive periostitis, b bizarre
parosteal osteochondromatous
proliferation and c turret
exostosis
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matured may result in recurrence. Serial radiographs
and bone scan can be used to assess maturity of the
lesion which is indicated by well-defined cortical
margins on radiographs and decreasing activity on
bone scintigraphy [Rubin].

2.5.4 Subungual Exostosis
Subungual exostosis is an uncommon benign condi-
tion arising in a distal phalanx beneath or adjacent to
the nail bed. Though it most commonly occurs in the
great toe, between 10 and 20% of cases are identified
in the fingers (Landon et al. 1979; Carroll et al. 1992;
Hoehn and Coletta 1992; Ippolito et al. 1987; Izuka
et al. 1995). There is no preponderance for a partic-
ular digit in the hand. The incidence of subungual
exostosis is 1.5 times higher in females than males
(Izuka et al. 1995). Patients usually present in the
second and third decades of life. Clinical presentation
typically involves pain, swelling or surrounding
ulceration of the nail bed. Secondary soft tissue
infection may result. The aetiology remains unclear
though trauma is felt by some authors to be the most
likely precipitating factor (Landon et al. 1979;
Resnick and Niwayama 1988).

The tumour is histologically characterized by
mature trabecular bone and an overlying fibrocarti-
laginous cap. This feature distinguishes the tumour
from osteochondroma which has a hyaline cartilage
cap (Carroll et al. 1992). Radiographs demonstrate a
mature trabecular bony excrescence arising from the
dorsal aspect of the distal phalanx (Fig. 20). The
fibrocartilage cap is radiolucent. The lesion may have
a narrow or broad attachment, but there is no conti-
nuity with the underlying medulla, a distinguishing
feature from osteochondroma. There should be no
bony destruction (Landon et al. 1979). Occasionally,
the lesion may be strictly more paraungual than sub-
ungual in location (Fig. 20). No cases of malignant
change have been reported in the literature.

2.5.5 Periostitis Ossificans
Myositis ossificans occurring in the hand is an extre-
mely rare entity. When it occurs in a juxtacortical
location, it is termed periostitis ossificans and may
mimic BPOP or FRP (Fig. 21) (James and Davies
2005). It is usually seen in young adults. Patients may
present with a rapid onset of pain, a palpable mass,
oedema, joint contractures and decreased range of

motion (Cushner and Morwessel 1992; De Smet and
Vercauteren 1984; Ray and Basset 1984).

Initial radiographs may be normal or demonstrate a
non-calcified soft tissue mass. The mass undergoes
peripheral mineralization at 7–14 days, and adjacent
periosteal reaction may also be observed (Fig. 21). By
6–8 weeks, a densely calcified periphery develops
and a lucent centre is observed on radiographs. As
the lesion matures, it undergoes ossification from the
margins inwards. This ‘zoning’ phenomenon is the
hallmark of myositis ossificans and helps differentiate
it from parosteal osteosarcoma both radiologically and
histologically (Fig. 21c).

2.6 Miscellaneous Benign Tumours

Chondroblastoma (CB) occurring in the hand and
wrist is extremely rare and accounts for between 3
and 4% of all CB (Neviaser and Wilson 1972;
Schajowicz and Gallardo 1970; Bloem and Mulder
1985). It typically occurs in an older age group to CB
at other locations, most commonly presenting in the

Fig. 20 Subungual and paraungual exostoses
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third decade of life (Davila et al. 2004; Bloem and
Mulder 1985). Cases of CB occurring in the pha-
langes, metacarpals and carpal bones have been
documented. The clinical presentation, as at other
locations, almost always involves pain (Bloem and
Mulder 1985). The typical radiographic appearance is
of a lytic lesion with sclerotic margins, bony expan-
sion, matrix mineralization and occasional septation
(Dahlin and Unni 1986; Davila et al. 2004). At MRI, a
secondary aneurysmal bone cyst component is fre-
quently present and marrow oedema surrounding the
lesion may be identified (Davila et al. 2004).

Osteoblastoma of the hand and wrist is also very
rare and accounts for between 5 and 6% of all
osteoblastomas (Adler 2000). On radiographs, oste-
oblastoma is typically eccentrically located and
demonstrates a large focus of central osteolysis,
between 4 and 10 cm in diameter, and a small area
or peripheral sclerosis. In the short tubular bones,
the lesions are much smaller, centrally located and
expansile. They are well circumscribed and pre-
dominantly radiolucent (Adler 2000). Osteoblastoma
has been reported in carpal, metacarpal and pha-
langeal bones (Wilner 1982). It is usually a solitary
tumour however 3 cases of multifocal osteoblastoma
involving the small bones of the hand and wrist have
been reported (Adler 2000; Allieu et al. 1989; Muren
et al. 1991).

Fibrous dysplasia of the hand and wrist is very
uncommon. In a series of 225 cases of monostotic
fibrous dysplasia, only 3 hand cases were reported
(Schajowicz 1981). Of the cases described in the
English speaking literature, the majority have been
located in the metacarpal bone and have been of the
polystotic form (Amillo et al. 1996; Gropper et al.
1985; Hayter and Becton 1984). An expansile, lytic
lesion involving the shaft with a sclerotic border,
trabeculations and a partially calcified matrix is
described on radiographs in one of these cases
(Fig. 22) (Gropper et al. 1985). Periosteal reaction and
soft tissue extension as delineated on MRI has been
reported (Amillo et al. 1996). Pathological fracture
through an involved metacarpal was the presenting
feature in another case (Hayter and Becton 1984).

Intraosseous epidermal cysts, or epidermal inclusion
cysts, are squamous epithelial-lined benign cysts within
bone. Peak incidence is within the 25–50 age group with
a male to female ratio of 3:1 (Fisher et al. 1958). The
most common site is the terminal phalanx of the left
middle finger (Fisher et al. 1958). On radiographs, they
usually appear as a well-defined, unilocular, osteolytic
lesion with a sclerotic margin (Fig. 23) and may exhibit
spotty calcifications (Musharrafieh et al. 2002; Patel
et al. 2006). Enchondroma is the major differential
diagnosis, but unlike intraosseous epidermal cysts, it is
rarely symptomatic in the absence of a fracture.

Fig. 21 Periostitis ossificans. a PA radiograph showing
peripheral mineralization (zoning phenomenon) and reactive
periosteal new bone. b Coronal STIR MR image showing the
thin low signal intensity rim corresponding to the

mineralization and a florid surrounding inflammatory response.
c Sagittal CT reconstruction confirming the peripheral miner-
alization and periosteal reaction along the adjacent metacarpal
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Glomus tumours are benign hamartomas. They
arise from the normal glomus apparatus within sub-
cutaneous tissue. The tumours mainly occur in
women and are most commonly located in the distal
phalanx, usually in a subungual location (Fig. 24)
(Dahlin et al. 2005). Intraosseous glomus tumours of
the hand are extremely rare. Only ten had been
reported in the literature by 1981 (Chan 1981). To our
knowledge, only one further case has subsequently

been described (Johnson et al. 1993). MRI has proved
to be a valuable method of imaging glomus tumours
(Theumann et al. 2002; Opdenakker et al. 1999). Most
glomus tumours demonstrate high signal on spin echo
T2-weighted sequences and avid enhancement post-
gadolinium injection (Theumann et al. 2002). Cases
have been reported where a tumour was present
despite a negative MRI. On this basis, it has been

Fig. 22 Fibrous dysplasia. Polystotic involvement of the
thumb, index and middle fingers. There is mild bony expansion
with a ground glass matrix

Fig. 23 Intraosseous
epidermal cyst. Well-defined,
rounded, lytic lesion in the tip
of the terminal phalanx

Fig. 24 Glomus tumour.
Pathological fracture through
well-defined lytic lesion in the
terminal phalanx
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suggested that in the correct clinical context, surgical
exploration should be considered even if MRI find-
ings do not support the diagnosis (Dahlin et al. 2005).

Bone islands (enostosis) are relatively frequently
encountered on routine imaging of the hand and wrist
for other indications. They represent a focus of mature
compact bone and are best considered a benign
tumour-like lesion (Greenspan 1995). Radiographs
demonstrate a sclerotic focus that often has a round or
oval appearance which blends with the adjacent can-
cellous bone (Fig. 25a). CT shows a localized spicu-
late margin to the lesion and MRI will demonstrate the
lesion to be low signal on all sequences. In the mul-
tiple form, osteopoikilosis, the bone islands are clus-
tered around the bone ends (Fig. 25b).

There is a spectrum of vascular tumours that may
arise in bone from benign haemangioma to malignant
angiosarcoma. All are uncommon in the hand and
wrist. Of particular note is that these lesions, including
low-grade haemangioendothelioma, can be multicen-
tric and so should be considered in the differential
diagnosis when imaging reveals multiple lytic bony
lesions (Fig. 26).

3 Malignant Bone Tumours
of the Hand and Wrist

3.1 Chondrosarcoma

Chondrosarcoma of the hand accounts for 1.5% of all
chondrosaromas (Unni 1996). From a Mayo Clinic
series of 29 primary malignant tumours of the hand and

wrist, 12 were chondrosarcomas (Unni 1996). A liter-
ature review by Damron et al. however identified
only one case of chondrosarcoma from a total of
2,588 tumours of the hand (Damron et al. 1995). This
may be explained by the fact that chondrosarcoma of
the hand and wrist more commonly occurs from
malignant degeneration of a pre-existing lesion than
as primary chondrosarcoma (O’Connor and Bancroft
2004).

Chondrosarcoma of the hand and wrist occurs in an
older age group than chondrosarcoma at other loca-
tions with presentation most commonly in the 6th and
7th decades of life (Saunders et al. 1997; Ogose et al.
1997). Females are slightly more commonly affected
than males with a ratio of 1.3:1 (Saunders et al. 1997).
Typical clinical features are of pain and swelling
though not always in combination (Ogose et al. 1997;
O’Connor and Bancroft 2004). Cawte et al. reported
duration of symptoms between 1 month and 3 years
before presentation (Cawte et al. 1998). Roberts and
Price however noted a very long history in their older
patients, averaging 19 years (Roberts and Price 1977).

As already discussed in this chapter, chondrosar-
coma arising from pre-existing solitary enchondromas
or osteochondromas or in conditions of enchondro-
matosis or multiple hereditary exostoses are well
documented in the literature (Figs. 4 and 8). These
‘‘secondary’’ chondrosarcomas account for 27% of
chondrosarcomas reported in the hand (Saunders et al.
1997). In all locations, 15–28% are secondary (Huvos
and Marcove 1987; Salib 1967).

Chondrosarcoma of the hand is located at similar
locations to enchondroma, originating near the site of

Fig. 25 Bone island.
a Solitary sclerotic focus in
the lunate, b Multiple small
bone islands clustered around
the bone ends
(osteopoikilosis)
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the epiphyseal growth plate of the bone: proximally in
the phalanx and distally in the metacarpal (Fig. 27)
(Palmieri 1984; Roberts and Price 1977). The tumour
most commonly occurs at the proximal phalanx
(Saunders et al. 1997; Ogose et al. 1997; O’Connor
and Bancroft 2004). Of a series of 88 chondrosarco-
mas of the hand reported by Ogose et al., the 5th digit
was most commonly affected and the 4th was least
commonly involved (Ogose et al. 1997). In the same
series, the majority of chondrosarcomas located in the
distal phalanx affected the thumb. Chondrosarcomas
have been rarely described arising in the carpal bones
(Dahlin and Salvador 1974; Granberry and Bryan
1978; Young et al. 1990; Ogose et al. 1997).

Chondrosarcoma of the hand can be difficult to
differentiate radiographically from benign cartilagi-
nous tumours particularly in the absence of clear
extension through the cortex and an associated soft
tissue mass (Cawte et al. 1998; Murphey et al. 2003).
In a study of 160 cases of chondrosarcomas of the
small bones of the hands and feet, endosteal erosion,
cortical destruction and expansion were observed in
90% of the 111 cases where imaging was available
(Ogose et al. 1997). Other features included an
associated soft tissue mass (80%), poor margination
(79%), mineralization (74%), a permeative lytic

pattern (50%) and a periosteal reaction (14%)
(Fig. 27). Extension of tumour across the joint in the
hand has been described (Patil et al. 2003). In a study
comparing the radiographic appearances of enchon-
droma and chondrosarcoma of the hands and feet,
calcification of the chondroid matrix was observed in
equal numbers (Cawte et al. 1998). Pathological
fractures are observed in both enchondroma and
chondrosarcoma. MRI better defines the extent of soft
tissue involvement. Tumours classically demonstrate
high signal on T2-weighted images and low signal on
T1-weighted images, reflecting the hyaline cartilage
content of the tumour (Fig. 27b, c).

The periosteal or juxtacortical type makes up an
extremely rare subset of chondrosarcoma of the hand.
Of 23 patients with chondrosarcoma of the small
bones of the hand, Patil et al. identified one periosteal
tumour (Patil et al. 2003). A further paper by Roberts
and Price identified two patients out of 19 cases of
chondrosarcoma of the hand that had a periosteal
location. Review of the literature reveals a further two
case reports (Wu et al. 1983; Jokl et al. 1971).
A faintly radio-opaque mass with saucer-shaped ero-
sion of the underlying phalanx was described in one
case (Wu et al. 1983). Another description was of a
radiolucent mass with stippling and calcification

Fig. 26 Multifocal haemangioendothelioma. a PA radiograph, b Coronal T1-weighted and c STIR MR images showing extensive
infiltration of the 5th metacarpal with a further focus of tumour in the hamate
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around the middle phalanx (Jokl et al. 1971). Roberts
and Price observed that the degree of cortical
destruction and soft tissue tumour was less marked
than in conventional chondrosarcoma (Roberts and
Price 1977). It is probably for this reason that the
distinction between periosteal chondroma and low-
grade juxtacortical chondrosarcoma is sometimes
difficult to make.

Most published series report no metastatic disease
associated with chondrosarcoma of the hand (Patil
et al. 2003; Palmieri 1984; Roberts and Price 1977)
but in one study of patients with chondrosarcoma of
the small bones of the hands and feet, Ogose et al.
reported 12 distant metastatic lesions from the 70
patients where follow-up was available (Ogose et al.
1997). The risk of local recurrence after surgery

necessitates long-term follow-up of these patients
(O’Connor and Bancroft 2004).

3.2 Osteosarcoma

Osteosarcoma of the small bones of the hand is rare.
Of 2,589 cases of skeletal osteosarcoma, Okada et al.
found only 10 arising in the hand (Okada et al. 1993).
A review of the English literature by Fowble et al. in
2005 found a total of 41 cases of osteosarcoma of the
hand in 39 patients (Fowble et al. 2005). Since then a
further 4 cases have been reported (Jones et al. 2006;
Muir et al. 2008; Abe et al. 2007; Mathov et al. 2008).

Despite an age range of presentation between
13 months to 85 years (Sanchis-alfonso et al. 1994;
D’antona 1934 quoted by Carroll 1957), osteosar-
coma of the hand appears to affect an older age group
than conventional osteosarcoma, the mean age being
42 years. Risk factors include Paget’s disease, previ-
ous radiation treatment, trauma and metastasis from
primary osteosarcoma located elsewhere in the skel-
eton (Fowble et al. 2005). Clinical presentation is
typically pain and swelling (Okada et al. 1993).
The long duration of symptoms, long interval before
local recurrence and excellent response to treatment
suggest that lesions in this location are less aggressive
than conventional osteosarcomas (Okada et al. 1993).

Osteosarcoma of the hand shows a preferential
distribution around the MCP joints, often sited within
the metacarpal heads and bases of the proximal pha-
langes, with a slight predilection for the second and
third digits (Fowble et al. 2005). These sites represent
the fastest growing growth plates and the longest
bones of the hand. Lesions of the carpus have only
been reported twice, one in the scaphoid and the other
in the trapezium (Marcuzzi et al. 1996; Bickerstaff
et al. 1988). Two cases of bilateral osteosarcoma of
the hand, both in patients with Paget’s disease, have
previously been reported (Drompp 1961; Friedman
et al. 1982).

The radiographic findings are similar to the
appearance of osteosarcoma at other sites with matrix
mineralization, bone destruction and florid periosteal
reaction (Fig. 28). The tumour is generally intramed-
ullary in location with extension into the soft tissues
(Fig. 28b). The presence of intramedullary involve-
ment is helpful in distinguishing the lesion from benign
entities such as BPOP and FRP that can otherwise

Fig. 27 Malignant transformation of enchondroma to chon-
drosarcoma. a, b PA radiographs obtained 18 months apart
showing a significant increase in size of the lesion with cortical
breaching. c Sagittal T1-weighted and d Axial T2-weighted fat
saturated images showing the full extent of both intraosseous
and extraosseous spread
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appear similar on radiographs (Jones et al. 2006).
The absence of zonal organization in osteosarcomas as
characterized by peripheral density and central lucency
can also help differentiate it from benign entities
(Jones et al. 2006). MRI better assesses the soft
tissue involvement and degree of intramedullary
extension (Fig. 28b). The lesion may be isointense on
T1-weighted imaging and of high-signal intensity on
T2-weighted imaging (Honoki et al. 2001).

There appears to be a greater propensity for lesions
to arise from the surface of the bone when compared
to osteosarcoma at other sites. The majority of these
surface tumours are parosteal with only two reported
periosteal osteosarcomas of the hand (Okada et al.
1993; James and Davies 2005; Jones et al. 2006; Muir
et al. 2008). Surface osteosarcomas often appear as a
densely calcified mass adjacent to a metacarpal or
phalanx on radiographs (Fig. 29) (Revell et al. 2000).
They can be connected to bone by a stalk that may
only be demonstrated on CT. These lesions may be
difficult and sometimes impossible to differentiate
from benign disorders on imaging (Okada et al.
1993). A rare variant of parosteal osteosarcoma is the
osteochondroma-like parosteal osteosarcoma that has
been reported in the hand (Fig. 30). On imaging, these
lesions appear as a ‘pasted on’ ossified mass with an
intact underlying cortex and no medullary involve-
ment (Lin et al. 1998). Of the 6 cases of osteochon-
droma-like parosteal osteosarcoma reported by Lin

et al., none of which occurred in the hand, all were
misdiagnosed as benign entities on radiological and
histological assessment.

Fig. 28 Osteosarcoma. a Radiograph showing a mixed lytic
and sclerotic lesion arising in the proximal half of the 5th
metacarpal. b Coronal T1-weighted MR images showing the

tumour infiltration and low signal intensity areas due to the
malignant mineralization

Fig. 29 Parosteal osteosarcoma. a The radiograph shows and
ossified surface lesion arising from the 4th metacarpal.
b Sagittal T1-weighted MR image showing the lesion is
invading the underlying medulla
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3.3 Ewing sarcoma

Ewing sarcoma (ES) of the hand has an incidence of
between 0.3 and 1% of all ES of bone (Dahlin and
Unni 1986; Kissane et al. 1983). Of 377 cases
reported by the intergroup Ewing’s sarcoma study,
only two had lesions in the hand (Reinus et al. 1985).
In Baraga’s series of 43 cases of ES of the hand and
feet, 11 involved the hands (Baraga et al. 2001). The
demographics are similar to ES of bone at other sites
with peak incidence in the second decade and males
twice as commonly affected as females (Baraga et al.
2001). Typical clinical features are of pain and
swelling and presentation may be acute or insidious.
An antecedent history of trauma is uncommon (Dick
et al. 1971; Dreyfuss et al. 1980).

ES of the hand is most likely to occur in the
metacarpal bones (Lacey et al. 1987). In a literature
review of ES of the phalanges, Yamaguchi et al.
found that the proximal phalanx was most commonly
involved (Yamaguchi et al. 1997). To the best of our
knowledge, ES has never been reported in a carpal
bone though it is known to occur in the tarsal bones of
the feet. The tumour typically occurs in the
meta-diaphyseal region of the short tubular bones of
the hands and feet but may occupy the whole length
of the bone (Baraga et al. 2001).

The classic radiographic findings of a permeative
lytic lesion, with associated areas of sclerosis and a soft
tissue mass, are almost as commonly seen in ES of the
small bones of the hands and feet as at other locations
(Fig. 31) (Reinus et al. 1985, Baraga et al. 2001). In the
hand, it is less commonly a purely lytic lesion and more
often demonstrates blastic or mixed change than at
other sites (Baraga et al. 2001). Bone expansion is
more commonly seen than elsewhere in the skeleton
likely due to a smaller volume of bone (Reinus et al.
1985; Baraga et al. 2001). Reinus et al. originally
reported a lower incidence of periosteal reaction in ES
of the bones of the hands and feet than at other loca-
tions, but in Baraga et al. subsequent larger study, the
rate was equal to ES at other sites (Reinus et al. 1985,
Baraga et al. 2001). MRI can be used to accurately
quantify the extent of the soft tissue mass both prior to
and after chemotherapy (Ozaki et al. 1995). The main
differential diagnosis for ES in the small bones of the
hands is osteomyelitis, and misdiagnosis can lead to
significant delay in treatment (Durbin et al. 1988).

A better prognosis than for ES arising at other sites
has been reported (Daecke et al. 2005). This is
thought to be due to less soft tissue in the extremities
allowing for comparatively early presentation, diag-
nosis and excision with a wide margin (Yamaguchi
et al. 1997). Smaller tumour volume and a lower
incidence of metastasis at presentation are also
thought to be important factors (Daecke et al. 2005).
Akanwenze et al., in their series of 5 cases, have
however reported a similar survival rate to ES at other
sites (Anakwenze et al. 2009).

3.4 Metastasis

Metastasis to the hand is rare and accounts for
approximately 0.1% of all metastatic bone lesions

Fig. 30 Osteochondroma-like parosteal osteosarcoma. a The
radiograph shows an ossifying mass overlying the metacarpals.
b The CT shows it to be arising from the surface of the 3rd
metacarpal but there is no trabecular continuity that would
exclude the diagnosis of an osteochondroma
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(Kerin 1983). In a series of approximately 75,000
patients diagnosed with a primary malignancy, 5
patients with metastasis to the bones of the hand and
wrist were identified (Amadio and Lombadri 1987).
Metastasis to the hand may rarely be the initial pre-
sentation of occult malignancy (Abrahams 1995). It is
in this context in particular that acrometastasis can be
misdiagnosed as other skeletal pathologies such as
infection or inflammatory arthritis both clinically and
radiologically.

Any bone in the hand and wrist can be involved,
though the most commonly reported site is the ter-
minal phalanx (Healey et al. 1986; Libson et al. 1987;
Kerin 1983). This is probably because arterial flow is
greatest in this area of the hand (Mulvey 1964).
No one digit is preferentially involved (Wu and Guise
1978). The carpus is less commonly affected, being
involved in only 10% of cases in two large studies of
bone metastases to the hand and wrist (Healey et al.
1986; Kerin 1983; Libson et al. 1987). The majority
of patients are in their fifth decade or older.

Of skeletal wrist and hand metastases, 40–50% are
from primary bronchial carcinoma (Fig. 32) (Kerin
1983). This is thought to be due to the fact that primary
tumours in the lung can shed cells directly into the
systemic arterial circulation, whereas potential sec-
ondaries from other sites pass through the capillary bed
of the lung or liver first. Wolff et al. (1966) reported

metastases from the breast accounting for 25% of bone
secondaries in the hand (cited by Amadio and Lomb-
adri 1987). Renal cell carcinoma accounts for 10% of
bone metastases to the hand and wrist (Ghert et al.
2001). Subdiaphragmatic tumours are generally more
likely to metastasize to the feet, however in Kerin’s
review of the literature, metastatic hand lesions from
the prostate, cervix and uterus were all noted (Kerin
1983). Sarcomatous metastases to the hand are much
less frequent than metastases from carcinoma.

Clinically the patient may present with pain,
swelling and loss of function. In the presence of
widespread metastases at other locations, the

Fig. 31 Ewing sarcoma. a Radiograph showing typical fea-
tures of an onion skin and spiculated periosteal reaction along
the 4th metacarpal. b Two contiguous coronal STIR MR

images showing extensive tumour infiltration of the metacarpal
with soft tissue extension and multiple small skip metastases in
the carpal bones and adjacent metacarpal

Fig. 32 Lytic metastases. Radiographs showing examples of
bronchial metastases to the fingers in three different patients
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diagnosis may be straightforward. However in cases
of occult malignancy, the lesion may clinically
resemble osteomyelitis, septic arthritis or an acute
monoarticular rheumatoid arthritis.

Metastases of the hand appear most frequently as
nonspecific lytic, aggressive lesions (Fig. 32). The
pattern of bone destruction varies but usually a thin
rim of cortication is present around the lesion. The
neoplasm may expand the cortical shell as it enlarges.
Sclerotic forms have been described and are typical of
metastatic osteosarcoma, but have also been seen with
prostate and breast metastases (Fig. 33) (Abrahams
1995). Periosteal reaction is uncommon (Healey et al.
1986; Libson et al. 1987; Wu and Guise 1978; Chung
1983; Kerin 1958; Mulvey 1964). A soft tissue
component is frequent (Libson et al. 1987). In juxta-
articular lesions subchondral bone is usually spared
and joint involvement is rare (Healey et al. 1986;
Libson et al. 1987; Kerin 1958; Mulvey 1964).

The prognosis for patients with metastases to the
hand and wrist is extremely poor with, in one series,

50% of patients dead within 6 months (Amadio and
Lombadri 1987).

3.5 Lymphoma

Lymphoma involving bone usually occurs in the set-
ting of widespread systemic disease. Non-hodgkins
lymphoma however can arise primarily in bone. This
is uncommon accounting for 3% of all extranodal
lymphomas (Pinheiro et al. 2009). In a review of 82
cases of primary lymphoma of bone, Beal et al. found
the femur to be the most common site of presentation,
followed by the pelvis and tibia (Beal et al. 2006). In
a Mayo clinic series of 422 cases of malignant lym-
phoma of bone, only 2 involved the small bones of the
hand (Ostrowski et al. 1986). The authors do not state
whether these were cases of primary lymphoma of
bone or part of a multifocal disease. Only a few iso-
lated case reports of primary lymphoma of bone
occurring in the small bones of the hand have been
published probably reflecting it’s rarity (Davies et al.
1994; Archer et al. 2009; Baskar et al. 2009; Chua
et al. 2009; Pinheiro et al. 2009). Of these in only one
case, a solitary lesion involving the first metacarpal,
was disease confined to the hands (Davies et al.
1994).

Primary lymphoma most commonly presents in
adults with a median age in the 5th or 6th decades
with males more frequently affected than females
(Shoji and Miller 1971; Boston et al. 1974; Davies
et al. 1994). Clinical presentation in the hand
typically involves pain and swelling, often at an
affected joint, and may mimic a rhematological
disorder (Archer et al. 2009; Baskar et al. 2009).
Constitutional ‘B’ symptoms are rare in primary
bone lymphoma (Boston et al. 1974; Beal et al.
2006). Radiographs demonstrate a destructive lytic
deposit with an associated soft tissue mass (Fig. 34).
Despite the extensive destruction, pathological frac-
tures are uncommon (6%) (Boston et al. 1974). MRI
and CT may both demonstrate more extensive local
disease than suggested on radiographs. A bone scan
is required in all patients presenting with primary
lymphoma of bone to assess for the presence of
multifocal disease. Patients usually present with
early stage disease and with modern curative
modalities, the prognosis is excellent (Beal et al.
2006).

Fig. 33 Sclerotic metastasis. Radiograph showing a rare case
in the 4th metacarpal from a primary mucinous adenocarci-
noma of the colon
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3.6 Multiple Myeloma

Multiple myeloma is the malignant proliferation of
plasma cells involving more than 10% of bone
marrow. Involvement of the extremities is rare and
seen in less than 1% of all solitary bone plasmacy-
tomas (Celik et al. 1996). Osteolytic lesions
involving the small bones of the hand, either isolated
or associated with multiple lytic lesions at other

sites, have rarely been reported in multiple myeloma
and plasma cell leukaemia (Fig. 35) (Farman and
Degnan 1976; Ozguroglu et al. 1999; Dastgir et al.
1994, Antonijevic et al. 1994 Celik et al. 1996;
Wandroo et al. 2005; Capalbo and Mascolo 2007).
Lesions arising in the phalanges are most commonly
described, but Capalbo and Moscolo have reported a

Fig. 34 Lymphoma.
a Radiographs at presentation
and b 4 months later. There is
rapid progression of the
permeative lytic lesion in the
5th metacarpal and on the
latter film there is evidence of
a further deposit in the 1st
metacarpal

Fig. 35 Myeloma. There is a lytic lesion arising in the base of
the 3rd metacarpal. The appearances are similar to both a
metastasis and giant cell tumour

Fig. 36 Multiple myeloma. Multiple small cortical lucencies
involving all the metacarpals

310 N. A. Kotnis et al.



case of multiple lesions involving the metacarpals
and phalanges of both hands (Fig. 36). Antonijevic
et al. have described multifocal lesions of both hands
and feet presenting simultaneously (Antonijevic
et al. 1994).

Typical radiographic features are that of an ex-
pansile lytic lesion with cortical erosion. Patients may
present with a pathological fracture through a lytic
lesion which could be initially mistaken for an
enchondroma (Dastgir et al. 1994). Diagnosis is
usually made by means of biopsy and routine hae-
matological tests. A skeletal survey is mandatory once
the diagnosis has been made to assess for synchronous
lesions. Solitary bone plasmacytomas account for 5–
7% of all bone plasmacytomas and generally have a
good prognosis with a long duration of relapse free
survival after local treatment. Celik et al. however
have reported a case of solitary plamacytoma of the
5th phalanx that had a short duration of remission and
aggressive type of clinical relapse (Celik et al. 1996).

4 Conclusion

Bone tumours of the hand and wrist are infrequently
encountered in general clinical practice. The clinical
history, physical findings and radiographic features
are sufficient to make the diagnosis in the majority of
cases. A wide variety of tumour and tumour-like
lesions however can present in the hand and wrist.
Due to their rare occurrence at this site, they present
diagnostic challenges for both the radiologist and the
clinician. Knowledge of the imaging characteristics
specific to each lesion can facilitate more appropriate
and timely management. The imaging findings should
always be considered in conjunction with the demo-
graphics, clinical presentation and distribution for
each individual case.

The superficial location leads to earlier presenta-
tion, allowing expeditious diagnosis and treatment of
malignant neoplasms. This often results in a better
clinical outcome when compared to the same tumours
at other skeletal sites. Though rare, it is important to
remember the possibility of a malignant neoplasm
when encountering an aggressive bone lesion in the
hand or wrist. It is also important to consider benign
lesions that radiographically appear aggressive and
may be misdiagnosed as malignant tumours. Thor-
ough evaluation of the clinical history, imaging

findings and any available histopathology should be
made before arriving at a diagnosis in these cases.

5 Keypoints

• Though uncommon, a variety of tumour and
tumour-like lesions may present in the bones of the
hand and wrist

• The majority are benign
• Enchondroma is the commonest benign tumour
• Chondrosarcoma is the commonest malignant pri-

mary tumour
• A spectrum of benign proliferative disorders of the

phalanges exists which may require close clinical
and radiographic follow-up to avoid confusion with
a malignant process

• Malignant tumours of the hand frequently have a
better prognosis than at other skeletal sites due to
earlier presentation

• The distribution of a lesion and demographic fea-
tures of the patient should be considered in con-
junction with the imaging findings when assessing
bone lesions of the hand and wrist
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Abstract

Masses of the hand and wrist are a common
clinical problem. Soft-tissue tumors of the hand
and wrist are far more frequent than bone tumors.
If clinical examination is equivocal, imaging is
often requested. This chapter aims to present an
overview of the imaging characteristics of the most
frequent tumor and tumor-like soft-tissue lesions
of the hand and wrist.

1 Introduction

Masses of the hand and wrist are a common clinical
problem. Soft-tissue tumors of the hand and wrist are
far more frequent than bone tumors (de La Kethulle
de Ryhove et al. 2000; Capelastegui et al. 1999).
If clinical examination is equivocal, imaging is often
requested. This chapter aims to present an overview
of the imaging characteristics of the most frequent
tumor and tumor-like soft-tissue lesions of the hand
and wrist.
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2 Benign Soft-Tissue Tumors

2.1 Synovial Cyst, Ganglion Cyst
and Tendon Sheath Cyst

2.1.1 Definition and Nosological
Classification

Cystic lesions are the most common mass lesions
arising in the hand and wrist, accounting for 50–70%
of all soft-tissue tumors of the hand and wrist (De
Beuckeleer et al. 2001; Angeledes 1999). The termi-
nology of cystic lesions is very confusing and
depends on a combination of parameters such as
topography, the presence or absence of joint com-
munication, and the histologic composition.

The term synovial cyst describes a continuation or
herniation of the synovial membrane through the joint
capsule. In the French literature, the term ‘‘arthro-
synovial’’ cyst is preferred, which refers to its intimate
relationship with the adjacent joint. Indeed, there is
always a communication with the adjacent joint, and
the histologic composition is identical to those of the
joint cavity. It consists of a collection of intraarticular
fluid, lined by a continuous layer of ‘‘true’’ synovial
cells. Usually associated joint diseases are present, like
osteoarthrosis, inflammatory, and posttraumatic joint
diseases. Thirty percent of the lesions are associated
with underlying interosseous ligament injury (Lowden
et al. 2005). The elevated intraarticular pressure, due
to an accumulation of joint fluid in these diseases
causes herniation of joint fluid and synovium through
a ‘‘locus minoris resistentiae’’ within the joint capsule.

Ganglia contain also mucinous fluid, but their wall
consists of a (discontinuous) layer of flattened
pseudosynovial cells, surrounded by connective tissue
(pseudocapsule).

A communication with the adjacent joint is not
always present.

There remains much controversy in the literature,
concerning the pathogenesis of ganglion cysts. Sev-
eral theories have been proposed, including dis-
placement of synovial tissue during embryogenesis,
proliferation of pluripotential mesenchymal cells,
degeneration of connective tissues after trauma, and
migration of synovial fluid into the cyst (synovial
herniation theory).

Based upon the similar appearance on imaging,
surgery and similar wall composition of synovial

cysts and ganglion cysts, we believe that the synovial
herniation hypothesis is the most satisfactory.
According to this theory, synovial cysts or ganglion
cysts are formed by a herniation of synovium through
a breach in the adjacent articulation.

Whereas a synovial cyst has a continuous synovial
lining of true synovial cells, the wall composition of a
ganglion cyst consists of a discontinuous layer of
pseudosynovial cells.

A ganglion cyst may represent an advanced stage
of a degenerated synovial cyst, in which the contin-
uous synovial lining and the communication with the
joint may be lost during the process of degeneration
(Vanhoenacker et al. 2006b).

A tendon sheath cyst consists of a special subtype
of a ganglion cyst located on the course of a tendon
sheath.

2.1.2 Clinical Findings
Cystic lesions of the hand and wrist occur most fre-
quently between 20 and 40 years of age, but may
arise in the pediatric population and the elderly
(Nahra and Bucchieri 2004; Wang and Hutchinson
2001). There is a female predominance (Nahra and
Bucchieri 2004). Half of the patients are asymptom-
atic (Lowden et al. 2005), whereas the others may
suffer from chronic wrist pain, tenderness or func-
tional impairment (Peh et al. 1995).

The lesion may fluctuate in size, particularly dur-
ing flexion of the wrist.

The majority of ganglion cysts are located at the
dorsal aspect of the wrist adjacent to the scapholunate
ligament (60–70%), whereas volar wrist cysts account
for approximately 18–20%. Approximately two-thirds
of anterior wrist ganglions arise from the radiocarpal
joint and one third arise from the scaphotrapezial joint
(Greendyke et al. 1992). Volar cysts may cause
median and ulnar nerve palsies (Kobayashi et al.
2001; Christiaanse et al. 2010). Some cysts may
adhere directly to the tendon sheath (Nahra and
Bucchieri 2004). Rarely, cysts arise from the dorsal
aspect of the interphalangeal joints, often secondary
to Heberden osteoarthritis in elderly patients (Nahra
and Bucchieri 2004).

2.1.3 Imaging Findings
The role of imaging is to define the cystic nature of
those lesions and to demonstrate a possible
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communication with the joint. This is important for
the surgeon, because the resection of the communi-
cating stalk with the joint is essential to avoid post-
surgical recurrence of the cyst.

2.1.4 Conventional Radiography
Standard radiography is non-specific and may reveal
an ill-defined or rounded, non-calcified soft-tissue
mass. Rarely gas, or calcified loose bodies may be
seen within in a communicating cyst.

2.1.5 Ultrasound
On US, synovial cysts and ganglion cysts appear as
anechoic masses (Fig. 1), and may have a visible
communication with a joint (Fig. 1) or tendon sheath
(Fig. 2a). The lesion may be multiseptated and may
contain some fine internal septations. US is an accu-
rate technique to define the cystic nature in superficial
cysts around the wrist and the hand, but it has limited
ability to visualize deeper lying structures and their
relationship with the adjacent joint. Furthermore,
cysts containing debris or hyperplastic synovium may
simulate solid mass lesions on ultrasound examina-
tions (Vanhoenacker et al. 2006b).

2.1.6 CT-Scan
Due to its low soft-tissue contrast, CT is of limited
value in assessing soft-tissue lesions. Para-articular
cysts are of lower attenuation than muscle and of
higher attenuation than fat. Rim enhancement is seen
after intravenous contrast administration (Steiner
et al. 1996). A possible communication with the joint
is sometimes difficult to define on axial images.

2.1.7 MRI
MR imaging demonstrates the exact location and
extent of the cystic lesions, and its relationship to
the joint and surrounding structures (Fig. 2b, c). The
diagnosis of a cystic mass is usually straightforward
by analysis of the signal intensities of the lesion. They
are typically hypo- or iso-intense to muscle on T1-
weighted images, and homogeneously hyperintense
on T2-weighted images. However, there are some
pitfalls. Atypical cyst content due to debris or hem-
orrhage may alter the imaging appearance of the
cysts. Chronic inflammation may cause marked
thickening of the synovial membrane and, therefore,

mimic a solid soft-tissue mass. Cystic lesions are well
circumscribed, but may be lobulated, or multicystic
with internal septa. Ruptured cysts, due to an elevated
pressure, are irregularly delineated and must be dif-
ferentiated from other soft-tissue tumors and hemor-
rhagic or inflammatory lesions.

After gadolinium contrast administration, subtle
rim enhancement of the peripheral fibrovascular tis-
sue in the cyst wall is seen, but there is never central
enhancement like in other well-delineated soft-tissue
lesions with high signal intensity on T2-weighted
images, such as myxoma, myxoid liposarcoma,
hemangioma, synovial sarcoma, and mucinosis.

2.2 Epidermoid Cyst

2.2.1 Definition and Histopathology
Epidermoid cyst, also known as epidermal inclusion
cyst or infundibular cyst, results from the proliferation
of surface epidermal cells within the dermis. The
lesion is typically located within the subcutaneous
tissue and is often secondary to trauma. It is more
frequently seen in men than in women (Nahra and
Bucchieri 2004).

Macroscopically, the lesion is filled with keratin
(Ergun et al. 2010). The walls of the cyst resemble
follicular epithelium (Murphy and Elder 1991). The
cyst wall may rupture with secondary foreign body-
type reaction, granulomatous reaction, granulation
tissue or abscess formation (Murphy and Elder 1991;
Jin et al. 2008).

2.2.2 Imaging
On plain radiographs, epidermal cyst may be located
in the subcutaneous tissue or within the bone (most
frequently at the terminal phalanges of the fingers).
Lesions located within the dermis may cause well-
defined osteolysis on the adjacent bone (Fig. 3a)

Ultrasound is more sensitive than clinical exami-
nation for the diagnosis of a epidermoid cyst (after
palpation, 93.5%; after ultrasonography, 99.3%)
(Kuwano et al. 2009). The lesion is usually well
defined. Echogenicity varies with the content of the
cyst. The lesions are usually hypoechoic, with pos-
terior acoustic enhancement. Large lesions may show
intralesional hyperechoic debris or keratin clusters
(Fig. 4) (Gielen et al. 2006). Rupture of the cysts may
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result in changes in shapes (either lobulations, pro-
trusions or abscess pocket formations), pericystic
changes, and increased vascularity on power Doppler
ultrasound (Jin et al. 2008).

In the case of epidermoid inclusion cysts occurring
in the fingertips, there may be bony involvement in
which the cyst erodes into the bone causing a lytic
lesion within the distal phalanx. Cortical destruction
and osteolysis may mimic a malignant or infectious
process (Nahra and Bucchieri 2004).

On CT and MRI, the lesion is well defined. MR
features depend on the chemical composition of
cholesterol and keratin content. Lesions with a high
lipid content are hyperintense on both pulse
sequences, whereas acrystalline form of cholesterol
and the presence of keratin and microcalcifications
may result in a low signal on T2-weighted images.
After administration of intravenous gadolinium
contrast, there is lack of contrast enhancement in
non-complicated epidermoid cysts (Fig. 3b–d) (Ergun
et al. 2010).

2.3 Lipoma

2.3.1 Definition
Lipomas are well-encapsulated masses composed of
mature adipose cells. They are the most frequently
encountered benign lipomatous lesions of the hand
(Peh et al. 1995; Ergun et al. 2010).

2.3.2 Clinical Findings
Lipomas are most frequently located under the skin
(superficial lipoma) but can also be seen in muscles
(often within thenar or hypothenar muscles), bones,
and tendons (deep seated lipoma) (Peh et al. 1995;
Ergun et al. 2010). The lesions are usually asymp-
tomatic, but may occasionally compress adjacent
nerves, vessels, or tendons (Peh et al. 1995). Most
frequently, lipoma affects patients in the fifth to sixth
decade (De Beuckeleer et al. 2001)

2.3.3 Imaging
Radiographs are usually normal, but a low to inter-
mediate density may be seen in larger lesions
(Murphey et al. 2004).

On ultrasound, superficial lipomas have an elon-
gated shape and are usually parallel to the skin.
Intramuscular lesions are often more difficult to dis-
tinguish from the surrounding muscle fibers. The
reflectivity is highly variable ranging from hypo- to
hyper-reflective compared to subcutaneous fat.

CT shows a homogeneous mass with low density
(-60 to -130 HU). Intramuscular lesions may con-
tain thin fibromuscular septa. There is no significant
contrast enhancement.

On MRI, the lesion has similar signal characteristics
as subcutaneous fat on all pulse sequences. Fat-
suppression techniques show homogeneous suppres-
sion. Minor (\2 mm) internal septa and a low signal
intensity capsule may be seen. After administration of
intravenous gadolinium contrast, there is no contrast
enhancement, except for the peripheral fibrous capsule
or the subtle internal septa (Fig. 5) (Ergun et al. 2010).

2.4 Lipomatosis of Nerve

2.4.1 Definition
Lipomatosis of nerve has also been designated in the past
as fibrolipomatous hamartoma, fibrofatty overgrowth,
lipomatous hamartoma, lipofibroma, neurolipoma,

Fig. 1 Ganglion cyst. a Longitudinal ultrasound showing a
well-defined anechoic structure at the palmar aspect of the
carpus. b Longitudinal ultrasound shows a stalk-like connection
with the adjacent radiocarpal joint
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intraneural lipoma and fatty infiltration of the nerve and
neural fibrolipoma. In 2002, the WHO adopted the des-
ignation of lipomatosis of nerve (Christopher et al. 2002).
It is a very rare tumor, characterized by a proliferation of
fatty and fibrous components that surrounds the thick-
ened nerve bundles and infiltrates both the epineurium
and the perineurium. Its cause is unknown, but some
consider this condition as a congenital lesion, since it is
occasionally present at birth whereas others believe to
exist a relationship with a history of a prior trauma.

2.4.2 Clinical Findings
This tumor affects predominantly children or young
adults. Males are affected more frequently than females

Lipomatosis of nerve occurs chiefly in the volar
aspects of the hands, wrist, and forearm and usually

involves the median nerve. A soft-tissue mass is fre-
quently present several years before onset of symp-
toms. Lipomatosis of nerve usually gives rise to pain,
paresthesia, or decreased sensation or muscle strength,
in the area innervated by the affected nerves. It may be
associated with bone overgrowth and macrodactyly of
the fingers, a condition described as macrodystrophia
lipomatosa (Fig. 6) (Vanhoenacker et al. 2005;
Vanhoenacker et al. 2006a).

2.4.3 Imaging
On plain radiographs, lipomatosis of nerve may
manifest by a soft-tissue mass or only be suspected
by indirect signs such as the presence of macro-
dactyly, usually affecting the second and third digits
of the hand. There is a soft-tissue and osseous

Fig. 2 Cyst of the tendon sheath. a Longitudinal ultrasound
showing a well-delineated sonolucent structure on the course of
the flexor tendon of right fourth finger. b Sagittal SE T1-
weighted image. c Axial TSE T2-weighted image in another

patient with a tendon sheath cyst of the flexor tendon. The
lesion is isointense to muscle on T1-weighted images (b) and
hyperintense on T2-weighted images (c)

Fig. 3 Subcutaneous epidermoid cyst with involvement of the
adjacent bone of the terminal phalanx of the right fifth finger.
a Plain radiograph showing a well-defined osteolytic defect at
the radial side of the distal phalanx. Note cortical destruction of
the radial cortex. b Coronal SE T1-weighted image. The lesion
is of intermediate signal intensity with some internal areas of

relatively high signal. c Coronal TSE T2-weighted image. High
signal intensity of the lesion. d Coronal SE T1-weighted image
after intravenous injection of gadolinium contrast. There is only
subtle peripheral enhancement of the lesion (Case courtesy of
C. Kenis, Antwerp)
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hypertrophy including long, broad and splayed pha-
langes (Fig. 6).

CT and MRI can identify the nervous origin of the
tumor due to the presence of tortuous tubular struc-
tures, corresponding to enlarged nerve bundles within
a predominantly fatty mass (Fig. 7). These structures,
clearly depicted on MRI, show low signal intensity on
both T1- and T2-weighted images according to their
fibrous content. The tumor has the tendency to spread
along the branches of the nerve, with a significant
variation in the distribution of fat along the nerves and
their innervated muscle. The contrast between
the low-signal nerve fascicles and surrounding high-
signal fat results in a ‘‘cable-like’’ appearance of
the tumor, when visualized on axial planes on
T1-weighted MR images (Fig. 7) and a ‘‘spaghetti-
like’’ appearance on coronal planes. The MR imag-
ing findings of lipomatosis of nerve are very

characteristic, obviating the need for biopsy (Marom
and Helms 1999). Lipomatosis of nerve must be dif-
ferentiated from a nerve sheath lipoma associated
with altered sensibility along the course of some
nerves. MRI allows differentiation between these two
entities, since lipoma manifests as a focal mass sep-
arated from the nerve bundles.

2.5 Giant Cell Tumor of Tendon Sheath
(GCTTS)

2.5.1 Definition
GCTTS are benign proliferative lesions of synovial
origin and represent a localized extra-articular form of
pigmented villonodular synovitis (Nguyon et al. 2004;
Peh et al. 1995). In the hand and the wrist, this is
the second most common soft-tissue lesion after a
ganglion cyst. The pathogenesis remains unclear but is
probably due to a reactive inflammatory process.
GCTTS may arise from the tendon sheath, joint cap-
sule, bursae, fascia or ligaments (Nguyon et al. 2004;
Peh et al. 1995). Histologically, they are composed of
histiocytes, macrophages, multinucleated giant cells
and hemosiderin due to repeated hemorrhage (Nguyon
et al. 2004; Peh et al. 1995; Wan et al. 2010).

2.5.2 Clinical Findings
The lesions are more common in the fingers than in
the wrist and palm. The most affected site is the volar
aspect of the first three digits (Ushijima et al. 1986).
They are usually well-circumscribed firm masses that
grow slowly and are typically painless. If located near
a joint, they may cause decreased joint motion
(Capelastegui et al. 1999).

2.5.3 Imaging
Standard radiography may be normal or display a
well-circumscribed soft-tissue mass in about half of
the patients. Pressure erosions at the underlying bone
is present in about 20% of patients, while periosteal
reaction, calcifications, or cystic changes are extre-
mely unusual (De Beuckeleer and Vanhoenacker
2006; Wan et al. 2010; De Schepper et al. 2007).

Ultrasound shows a hypoechoic, solid mass
with well-defined margins usually located near tendons

Fig. 4 Subcutaneous epidermoid cyst. a Clinical picture
showing a small soft-tissue lesion with bluish skin discoloration
at the third finger. b Longitudinal ultrasound showing a well-
defined subcutaneous lesion with variable echogenicity (anec-
hoic components and some internal hyperechoic debris)
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(Fig. 8). Bone erosions due to pressure of the tumor on
the cortex may be demonstrated as well. The tendon
usually exhibits normal shape and echogenicity. Con-
trary to ganglia, the giant cell tumor lacks posterior

acoustic enhancement, presents always with internal
echoes, and shows hypervascularity on color or power
Doppler imaging (Wan et al. 2010).

MR images typically show a well-defined mass
adjacent to or enveloping a tendon, with a signal
intensity similar to or less than that of skeletal
muscle on T1-weighted images. On T2-weighted
images, the signal intensity is predominantly low,
with a variable degree of heterogeneity. Blooming
artifact is seen on gradient-echo sequences due to the
presence of hemosiderin (Wan et al. 2010). GCTTS
usually enhance after gadolinium contrast administra-
tion (Fig. 9).

Fibroma of the tendon sheath may have a similar
presentation as GCTTS on MR imaging (Sect. 2.10),
but it lacks giant cells (Nguyon et al. 2004)

2.6 Pigmented Villonodular Synovitis

2.6.1 Definition
The articular counterpart of giant cell tumors of the
tendon sheath is also known as pigmented villonod-
ular synovitis (PVNS).

PVNS is a rare monoarticular arthropathy that
usually occurs between the ages of 20 and 50, with a
peak incidence between the third and the fourth
decades of life. There is no sex predilection.

It usually involves the knee (80%) or the hip, while
the ankle, elbow, shoulder, and wrist are less frequent
locations.

Fig. 5 Deep-seated lipoma of the hand in a 43-year-old
women. a Axial SE T1-weighted image. Note the presence of
a dumbbell shaped mass at the flexor compartment of the hand.
The lesion is well defined and isointense to subcutaneous fat.

b Sagittal fatsuppressed TSE T2-weighted image. There is
homogeneus fat suppression of the lesion. c Axial fatsuppressed
SE T1-weighted image after intravenous injection of gadolin-
ium contrast. There is absence of enhancement of the lesion

Fig. 6 Macrodystophia lipomatosa. Posterioanterior radio-
graph of the right hand. Note osseous and soft-tissue enlarge-
ment, affecting the second finger. (From Vanhoenacker et al.
2006a, with permission)
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2.6.2 Clinical Findings
The clinical picture is characterized by the insidious
onset of monoarticular swelling in young adults,
stiffness, and progressive pain. Symptoms tend to be
continuous, but exacerbations occur from time to
time. Aspirated synovial fluid is typically xantho-
chromic or serosanguineous.

Microscopically, the lesions are composed of solid
or finger-like masses of hyperplastic synovium with
multinucleated giant cells, xanthoma cells, and intra-
and extracellular hemosiderin, lying in a fibrous
stroma. Long-standing lesions show fibrosis and
hyalinization.

When the villi become matted together, clefts lined
by synovial cells are seen and may give an appearance
alarmingly similar to synovial sarcoma.

2.6.3 Imaging Findings
Conventional radiographs may be normal, or show a
non-specific periarticular soft-tissue mass and asso-
ciated joint effusion. Visible calcifications are extre-
mely unusual. The presence of calcifications should
suggest an alternative diagnosis such as synovial
osteochondromatosis. Despite the absence of calcifi-
cation in PVNS, high iron content may be present
within the synovium, producing a higher radiodensity
than adjacent joint effusion or soft tissue. Associated
bone erosions (Fig. 10a) with sclerotic margins may
be present on both sides of the affected joints, par-
ticularly in joints with a tight capsule, such as the
wrist. These erosive changes are probably due to a
pressure phenomenon resulting from entrapment of
soft-tissue masses between articulating surfaces.
These lesions are usually present in non-marginal
locations and may be multiple. If solitary, they may
mimic primary osteolytic bone neoplasms. The pres-
ervation of the articular space until late in the disease
and the absence of peri-articular osteopenia are
helpful in the differential diagnosis from an inflam-
matory synovitis.

Ultrasonography shows a heterogeneous mass
lesion. Sometimes related enlarged or disconnected
synovial cysts or bursae with internal septa are noted.

CT is able to sharply define lytic bone lesions
associated with pigmented villonodular synovitis. Also
associated intraosseous soft-tissue masses extending
with a narrow pedicle to the synovium are easily
visualized. Joint effusion is atypical, and the tumoral
mass itself is also not as characteristic as on MR
imaging. Sometimes a high attenuation tissue is

Fig. 7 Lipomatosis of nerve of the median nerve at the level
of the carpal tunnel in a 40-year-old man. a Axial SE T1-
weighted MR image. b Axial gradient echo T2*-weighted
MR image. c Sagittal SE T1-weighted MR image and
corresponding preoperative view (d) of the median nerve. A
heterogeneous mass is seen within the carpal tunnel. There is

a mixed SI of fatty components, fibrous components and
neural fascicles (a, b, c, cable-like appearance). The signal
intensity and localization are highly characteristic of lipoma-
tosis of the median nerve. Note fusiform thickening of the
median nerve (d). (From Vanhoenacker et al. 2006a, with
permission)

Fig. 8 Giant cell tumor of the tendon sheath. Longitudinal
ultrasound showing a well-defined hypoechoic mass adjacent to
the flexor tendon. There is increased Doppler signal at the
periphery of the lesion
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identified within the joint, due to the presence of he-
mosiderin. The differential diagnosis consists of iron
deposition in the joint due to hemophilia or chronic
bleeding and calcification. Enhancement after intra-
venous contrast administration appears to be the rule.

The MR appearance of pigmented villonodular
synovitis as a rule is quite characteristic, due to the
presence of hemosiderin within the synovial masses.
A heterogeneous, hyperplastic synovial process with
significant areas of low signal intensity on all

Fig. 9 Giant cell tumor of the tendon sheath. a Axial SE T1-
weighted image. A hypointense structure is surrounding the
flexor tendons of the thumb. b Axial TSE T2-weighted image.
The lesion is of low signal intensity. c Axial SE T1-weighted
image after intravenous injection of gadolinium contrast

(subtraction image). There is marked inhomogeneous enhance-
ment of the lesion. d Sagittal SE T1-weighted image in another
patient with a giant cell tumor of tendon sheath. A hypointense
structure is surrounding the flexor tendon, which is a typical
location for a GCTTS
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sequences, particularly T2-weighted images, is typi-
cal. The presence of hemosiderin causes local changes
in susceptibility and therefore loss of MR signal. This
is especially true for gradient-echo sequences and at
high field strengths. This decreased signal intensity is
most prominent in the periphery of the lesions (the
so-called ‘‘blooming’’ artifact) (Fig. 10b, c). Occa-
sionally, intralesional areas of high signal intensity on
both pulse sequences may be present, due to fat,
edema, or inflammation. Joint effusion appears as
hyperintense areas entrapped between the low signal
intensity areas on T2-weighted images.

After gadolinium contrast administration, homoge-
neous or septal enhancement may be observed. The
differential diagnosis on MR imaging includes other
causes of chronic hemarthrosis such as chronic trauma,
hemophilia, synovial hemangioma and ‘‘burnt out’’
rheumatoid pannus and amyloid arthropathy. These
disorders can be separated on the basis of clinical his-
tory, laboratory findings, and enhancement pattern. In
hemophilia, there are usually diffuse changes in carti-
lage and bone, including cartilaginous and subchondral
erosions, as well as joint space narrowing. Synovial
chondromatosis could potentially simulate pigmented
villonodular synovitis on MR, and in general this is true
for all low signal intensity masses with calcified or

ossified components. This should be no problem, since
these areas are well recognized on plain films and CT.
Tophaceous gout may also mimic PVNS, if there is a
high concentration of calcium within the tophus.
Finally, desmoid tumors, benign fibrous histiocytoma
and sclerosing hemangioma could be mistaken for
pigmented villonodular synovitis due to their low sig-
nal on MR imaging, which is due to their dense fibrous
content. The lack of intraarticular changes should alert
one to consider another diagnosis besides pigmented
villonodular synovitis.

MR imaging is the imaging technique of choice to
evaluate the possible extra-articular extension and
areas of the joint, which are difficult to see
arthroscopically.

2.7 Vascular Tumors and Lymphatic
Tumors

2.7.1 Definition
Benign vascular tumors are common benign soft-tissue
masses, which can be classified into localized heman-
gioma and diffuse angiomatosis. Klippel-Trénaunay
syndrome is a separate entity in which hemangiomas
are accompanied by unilateral hypertrophy of the

Fig. 10 Pigmented villonodular synovitis. a Plain radiograph
of the left wrist. There are multiple erosions at the distal aspect
of the scaphoid bone and at the proximal aspect of the triquetral
bone. b Coronal SE T1-weighted image. The lesion is located

intra-articularly within the wrist joint and is of low signal
intensity (isointense to muscle). Note also erosions at the carpal
bones. c Coronal gradient T2* image showing blooming artifact
of the lesion
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extremity. Maffucci’s syndrome consists of the com-
bination of hemangiomas and enchondromatosis
(Fig. 11). Semimalignant vascular tumors include he-
mangioendotheliomas (Nguyon et al. 2004; Peh et al.
1995; Ergun et al. 2010). Hemangiomas represent a
broad spectrum of vascular tumors which may be
classified by vessel size into capillary, cavernous,
venous or arteriovenous malformations (Ergun et al.
2010). Apart from vessels, the lesions contain variable
amounts of non-vascular elements including thrombus,
fat, fibrous tissue, bone and muscular tissue (Nguyon
et al. 2004; Schmitt 2008; Ergun et al. 2010).

Lymphangiomas of the hand are rare.

2.7.2 Clinical Findings
Most hemangiomas are asymptomatic, but they may
present at an early age secondary to cosmetic defor-
mity or pain. Women are more affected than men, and
the incidence peaks in early adulthood. A familial
disposition may occur (Schmitt 2008). The hand is

frequently affected. The cutaneous and subcutaneous
compartments are often involved, and there is fre-
quently an overlying skin discoloration (Fig. 12a).
Less often, the lesion is found in tendon sheaths
(Fig. 12), muscles or the median nerve (Nguyon et al.
2004; Schmitt 2008).

Capillary hemangiomas are most frequent and are
usually located in the skin and subcutaneous tissue.
Clinically, they are characterized as port-wine spot
lesions. Because of the superficial location, the diagnosis
is often made clinically and imaging is rarely required.

Venous hemangiomas typically involve the deep
structures (Ergun et al. 2010).

2.7.3 Imaging
Radiographs often provide little information
(Fig. 12b). Phleboliths are sometimes seen (Fig. 11).
Linear or arciform calcifications are less common
(Nguyon et al. 2004; Schmitt 2008). Adjacent osseous
remodeling can occur (Fig. 13a), including erosion,
overgrowth, periosteal reaction, and osteoporosis
(Nguyon et al. 2004).

On ultrasound, hemangiomas have a variable
appearance, presenting as circumscribed or diffuse,
homogeneous or inhomogeneous lesions. Doppler
reveals blood flow within the lesion (Fig. 12c)
(Nguyon et al. 2004).

On MRI, arteriovenous malformation often
appears as an enlarged vascular channel without a
discrete soft-tissue mass (Ergun et al. 2010).

Cavernous hemangiomas are well-circumscribed
lobulated masses which are usually isointense to
muscle on T1-weighted images, with variable areas of
interspersed fat (Fig. 13b). On T2-weighted sequen-
ces, the lesion is heterogeneously hyperintense
(Fig. 13c), as a result of the mixed amounts of fat and
pooled blood in larger vessels. Thrombotic vessel
segments have different signal intensities depending
on the age of thrombosis (Fig. 12). Fast blood flow
generally causes a flow void with a dark lumen,
whereas a slow or stagnant flow in dilated or tortuous
vessels can cause increased signal (‘‘paradoxical
enhancement’’). Linear or serpiginous flow voids with
round filing defects may be demonstrated on both
pulse sequences, indicating the presence of high-flow
vessels and phleboliths (Fig. 14). Smaller cavernous
hemangiomas are more likely to have an atypical
appearance (Nguyon et al. 2004).

Fig. 11 Mafucci’s syndrome. Plain radiograph of the left
hand. Note multiple enchondromas and soft-tissue haemangio-
mas with intralesional phleboliths
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After intravenous injection of gadolinium contrast,
occasionally the arterial feeders and draining veins
may be seen both on CT- (Fig. 15) and MR Angi-
ography. Delayed imaging after a few minutes allows
evaluation of the precise extent of the tumor (Schmitt
2008) (Fig. 13d, e).

On CT, lymphangiomas usually have a negative
density due to high lipid content of the lymphatic fluid.

On T1-weighted MR images, the lesion is of
intermediate signal intensity, whereas it is typically
hyperintense on T2-weighted images.

2.8 Benign Neurogenic Tumors

2.8.1 Definition
The most frequent subtypes of neurogenic tumors in
the hand and wrist are neurinomas (schwannomas)
and neurofibromas.

Schwannomas originate from the Schwann
cells surrounding the peripheral nerves. The lesions
are eccentric to the nerve of origin and are surrounded
by a capsule of connective tissue. A schwannoma
originates usually from the deeper and broader

Fig. 12 Partially thrombosed arteriovenous malformation adja-
cent to the flexor tendon. a Clinical image showing a soft-tissue
mass at the palmar aspect of the index. There is bluish discoloration
of the overlying skin. b Plain radiograph (lateral view) demon-
strates a non-specific soft-tissue mass at the palmar aspect of the
index. c Longitudinal ultrasound showing an oval shaped hypo-
echoic structure with increased intralesional power Doppler signal
and an arterial feeder at the proximal side of the lesion. d Axial

T1-weighted images shows that the lesion is of heterogeneous
signal intensity. Areas of high signal intensity may correspond to
thrombosis. e Axial TSE T2-weighted image. The lesion is
heterogeneous with areas of high and low signal intensity. f,
g Axial and sagittal fatsuppressed T1-weighted images after
intravenous injection of gadolinium contrast. There is heteroge-
neous enhancement of the lesion. Areas of non-enhancement may
correspond to thrombosis of vascular structures
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nerves of the hand and wrist and is primarily
located at the palmar side (Schmitt 2008; Ergun et al.
2010).

Neurofibromas cause diffuse thickening of the
nerve sheath. The nerve fascicles run through the
concentric tumor. The lesion involves the smaller
cutaneous nerves and has no capsule. Neurofibromas
occur as solitary lesions or in conjunction with von
Recklinghausen disease (Neurofibromatosis type I).
Multiple schwannomas as part of schwannomatosis is
much more rare.

2.8.2 Clinical Findings
Patients present with a palpable mass (Fig. 16a) and
rarely complain of pain. Pain may be elicited by
percussion of the mass (Hoffmann-Tinel sign).

2.8.3 Imaging Findings
Plain radiographs are usually normal, but paraosseous
neurogenic tumors can cause scalloping of the adja-
cent bone.

On ultrasound, neurinomas are located eccentric to
the surrounding nerve, whereas neurofibromas are

Fig. 13 Haemangioma of the thenar muscle. a Plain radio-
graph of the left hand. There is a non-specific soft-tissue mass
(asterisks), containing some streaks of fat and causing
pressure erosion of the ulnar side of the first metacarpal and
proximal phalanx of the thumb (arrows). b Coronal SE T1-
weighted image shows a well-defined lobulated mass in the
thenar muscle (arrows) with areas of interspersed fat.
c Coronal fatsuppressed TSE T2-weighted image. The lesion
is located within the thenar muscle and has a heterogeneous

high signal intensity. There is also osseous remodeling of the
ulnar side of the cortex of metacarpal 1. Note some streaks of
high signal within the medullary bone of metacarpal 1, due to
intra-osseous extension in the metacarpal bone. d, e Coronal
SE fatsuppressed T1-weighted images after intravenous
injection of gadolinium contrast. There is marked serpiginous
enhancement of the intramuscular and intraosseous com-
ponent of the lesion (metacarpal 1 and proximal phalanx of
the thumb)
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concentric in relation to the affected nerve. The
Hoffman-Tinel sign can be provoked by sonographic
palpation of the affected nerve.

On MRI, benign nerve sheath tumors are well-
demarcated masses. The lesions are isointense or
slightly hyperintense to muscle on T1-weighted
images and heterogeneously hyperintense on T2-
weighted images. A target sign consisting of a
central low signal and a hyperintense periphery is
highly suggestive for a neurogenic tumor (Fig. 16).
Other morphological signs of neurogenic tumors are
the split fat sign (displaced fat around the mass on
the neurovascular bundle), the fascicular sign
(nerve fascicles on the course of the tumor), and
the presence of a fusiform mass on the course of
the involved nerve (Schmitt 2008; Ergun et al.
2010).

2.9 Glomus Tumor

2.9.1 Definition
The glomus tumor is a neoplasm consisting of cells
which closely resemble smooth muscle cells of the
normal glomus body. The glomus body is an arte-
riovenous anastomosis that has an important role in
thermoregulation. It is located in the subungual
region, digits, and palms. The lesion shows both
muscle fibers and epithelial-appearing glomus cells
(Enzinger and Weiss 1995).

2.9.2 Clinical Findings
Glomus tumors are uncommon, with an equal fre-
quency of occurrence in both sexes. The most
common location is the subungual tissue at the tip of
the finger. For this location however, there is a
striking female predominance. Glomus tumors are
also seen at the palm, wrist, forearm, and foot.
Multiple lesions may be present, especially during
childhood. Glomus tumors cause a radiating pain
which is elicited by a change in temperature. Clin-
ical examination usually reveals a characteristic
blue-red nodule. Therapy aims at complete excision,
still leaving a recurrence rate of 10% (Enzinger and
Weiss 1995).

2.9.3 Imaging
Plain films may show a small mass at the dorsal
aspect of the finger, associated with a small erosion
of the adjacent bone. However, this sign is non-
specific and is only found in 12–60% of glomus
tumors (Drape et al. 2009) Ultrasound may detect

Fig. 14 Haemangioma of the finger. a Axial SE T1-weighted
image and b coronal SE T1-weighted image shows a well-
defined lobulated at the flexor side of the third finger. c Coronal
fatsuppressed TSE T2-weighted image. The lesion is predom-
inantly of high signal intensity. Note also some intralesional
round areas of low signal intensity (phleboliths)
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lesions as small as 2 mm (Drape et al. 2009; Mat-
sunga et al. 2007). Ultrasound is more sensitive than
plain films to detect cortical erosions at the dorsal
aspect of the distal phalanx in up to 78% of cases
(Drape et al. 2009). Ultrasound is able to detect 92%
of glomus tumors (Drape et al. 2009; Marchadier
et al. 2006). The lesion is usually rounded and the

echogenicity may be variable (usually hypoechoic to
the subungual region). Most glomus tumors are
hypervascular on power Doppler (Fig. 17a, b), but
21% of the lesions may be hypovascular (Drape
et al. 2009).

On MRI, glomus tumors are of low to intermedi-
ate signal intensity on T1-weighted images and of

Fig. 15 Arteriovenous malformation of the thumb. a Clinical
image showing a soft-tissue mass at the palmar aspect of the
thumb. b Axial contrast-enhanced CT showing an intramus-

cular mass within the thenar with heterogeneous contrast
enhancement. c–d CT-angiography (MIP and VRT image)
showing the feeding arteries and draining veins
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high signal intensity on T2-weighted images. After
intravenous administration of gadolinium contrast,
moderate to strong enhancement is seen (Fig. 17c–f).
MR angiography is a very useful technique to
demonstrate the hypervascular nature of the lesion
and an entangled arteriovenous anastomosis. Delayed
imaging is sometimes required to demonstrate the
hypervascular nature of some lesions (late interstitial
diffusion of a minority of lesions) (Drape et al.
2009).

2.10 Fibroma of the Tendon Sheath

2.10.1 Definition
A fibroma of the tendon sheath is a circumscribed
tumor, rarely larger than 2 cm in diameter, attached to
the tendon sheath of the digits. The thumb is the most
commonly involved digit (Nguyon et al. 2004;
Plate et al. 2003). Histologically, the lesion is com-
posed of scatters benign fibroblasts with dense
collagen, but lack giants cells and xanthoma cells, in

Fig. 16 Schwannoma of the median nerve. a Clinical image
showing a soft-tissue mass at the palmar aspect of the wrist.
b Plain radiograph. Non-specific soft-tissue mass at the palmar
aspect of the wrist (arrows). c Axial SE T1-weighted image.

Well-defined hypointense mass on the course of the median
nerve (arrow). d Axial fatsuppressed TSE T2-weighted image.
Target-like appearance consisting of a hyperintense periphery
and central areas of relatively hypointense signal
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contradistinction to GCTTS (Nguyon et al. 2004; Peh
et al. 1995; Wan et al. 2010).

2.10.2 Clinical Findings
They are less common than GCTTS and they often
present as slow-growing, firm, and non-tender masses.
The mean age of presentation is 42 years (Nguyon
et al. 2004). Lesions are typically located on the
flexor surfaces, occurring most often in men (75%)
(Fox et al. 2003).

2.10.3 Imaging Findings
Pressure erosion of the underlying bone on plain films
is very rare. Ultrasound shows a non-specific

hypoechoic mass adjacent to the tendon sheath
(Fig. 18a). The lesion is usually hypointense on MR
sequences, and no or minimal enhancement is seen.

Increased capillary vascularity near the lesion
surface may cause minor peripheral enhancement
(Figs. 18, 19). The MR imaging findings vary when
areas of increased cellularity or myxoid change occur
within the lesion. Myxoid changes within the lesion
may cause an intermediate to high signal intensity on
T2-weighted images, whereas areas of increased cel-
lularity may enhance (Ergun et al. 2010; Fox et al.
2003). In these instances, differentiation of fibroma of
the tendon sheath from other tumors, such as giant
cell tumor of the tendon sheath, is problematic
(Fig. 18d).

Fig. 17 Subungual glomus tumor. a Transverse ultrasound.
Note a small hypoechoic subungual lesion causing cortical
erosion of the dorsal aspect of the distal phalanx (arrow).
b Longitudinal ultrasound showing increased intralesional
power Doppler signal. c Sagittal SE T1-weighted image. There
is a well-defined subungual hypointense lesion (arrow),

causing cortical erosion of the distal phalanx. d Sagittal
fatsuppressed TSE T2-weighted image. Hyperintense signal of
the lesion (arrow). e, f Sagittal and axial SE fatsuppressed T1-
weighted images after intravenous injection of gadolinium
contrast. Marked enhancement of the tumor (arrow)
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2.11 Palmar Fibromatosis (Dupuytren
Disease)

2.11.1 Definition
Palmar fibromatosis was originally described in 1831
by the French physician Dupuytren and is often
referred to as Dupuytren disease or contracture. It is
the most common of the superficial fibromatoses,
affecting 1–2% of the general population. The disease
is seen almost exclusively in Caucasians and is rare in
populations of African or Asian descent.

The etiology of palmar fibromatosis is not com-
pletely understood, but it is thought to be multifactorial,
including associations with trauma, microvascular
injury, immunologic processes, and genetic factors
(Murphey et al. 2009).

2.11.2 Clinical Features
The disease most commonly occurs in patients over
65 years of age, with a frequency of 20% in this

age group. Men are three to four times more likely
to be affected by the disease than women, and
lesions are bilateral in 40–60% of patients. Patients
present clinically with painless, subcutaneous
nodules (Murphey et al. 2009). These nodules may
progress slowly to fibrous cords or bands that attach
to and cause traction on the underlying flexor tendons,
resulting in flexion contractures of the digits. The
fourth and fifth digits are most commonly involved.
Patients commonly have related diseases such as
plantar fibromatosis (5–20%), Peyronie disease, and
knuckle pad fibromatosis. Other associated diseases
include diabetes mellitus (20% of patients), epilepsy
(50% of male patients and 25% of female patients),
alcoholism (particularly liver disease related to alco-
holism), and keloid (Murphey et al. 2009).

2.11.3 Imaging Findings
Plain radiographs are typically normal, other than the
flexion contractures.

Fig. 18 Fibroma of the tendon sheath of the left fifth finger.
a Longitudinal ultrasound. Polylobular hypoechoic lesion
adjacent to the flexor tendons. Note some increased power
Doppler signal at the proximal part of the lesion. b Axial SE
T1-weighted image. The lesion is isointense to muscle (arrow).
c Axial TSE T2-weighted image. The lesion remains of low

signal intensity. d Axial SE fatsuppressed T1-weighted images
after intravenous injection of gadolinium contrast. There is
moderate enhancement of the lesion (arrow). In case of
contrast enhancement, differentiation of a tendon sheath
fibroma from a GCTTS may be difficult
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Ultrasound reveals hypervascular, hypoechoic
nodules (Fig. 20) in the palmar subcutaneous tissues,
superficial to the flexor tendons.

CT shows non-specific, nodular soft-tissue
thickening.

At MR imaging, there are multiple nodular or
cordlike, superficial soft-tissue masses that arise from

the proximal palmar aponeurosis and extend superfi-
cially in parallel with the flexor tendons. Lesion
length varies from 10 to 55 mm (2–10 mm in diam-
eter), and lesions terminate in either a branching or
nodular configuration at the level of the distal
metacarpal.

The signal intensity of palmar fibromatosis is
variable along with the cellularity and the collagen
content of the lesion. Lesions of low signal intensity
on all pulse sequences are relatively hypocellular and
contain abundant dense collagen. In contradistinction,
the lesions of intermediate signal intensity on both
T1- and T2-weighted images are more cellular or
mixed, with less abundant collagen (Murphey et al.
2009; Yacoe et al. 1993). Lesions with a higher cel-
lular component have been shown to have a higher
local recurrence rate following local excision. This
information is important because preoperative MR
imaging may assist the surgeon in determining the
appropriate timing for excision (Yacoe et al. 1993;
Robbin et al. 2001). After intravenous administration
of gadolinium contrast, hypercellular lesions are
enhancing more vividly than hypocellular lesions
(Murphey et al. 2009).

2.12 Desmoid Tumors (Desmoid Type
Fibromatosis)

2.12.1 Definition
Extra-abdominal desmoids are rare benign soft-tissue
tumors arising from connective tissue of muscle,
overlying fascia, or aponeurosis. They have been

Fig. 19 Typical MR characteristics of a fibroma of the index.
a Axial SE T1-weighted image. The lesion hypointense to
muscle (arrows). b Coronal fatsuppressed TSE T2-weighted

image. The lesion remains of low signal intensity (arrow).
c Coronal gradient echo T2*-weighted image. There is absence
of blooming artifact (arrow)

Fig. 20 Palmar fibromatosis. a Transverse ultrasound. b Lon-
gitudinal ultrasound. Hypoechoic nodule adjacent to the flexor
tendon of the palm of the hand (third ray)
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designated previously as desmoids tumor, aggressive
fibromatosis, or musculoaponeurotic fibromatosis.
The term ‘‘desmoid’’ means band-like or tendon-like
lesion (De Schepper and Vandevenne 2006). Cur-
rently, the term desmoid type fibromatosis is used.
The lesions can be regarded as deep seated fibro-
matosis in contradistinction to palmar fibroma-
tosis which is a superficially located. Desmoid
fibromas are infiltrative tumors, known for their fre-
quent recurrences. Complete surgical excision is often
difficult.

2.12.2 Clinical Features
The most commonly encountered locations are the
upper arm (28%), chest wall and paraspinal area
(17%), thigh (12%), neck (8%), knee (7%), pelvis or
buttock (6%), lower leg (5%). The hand and forearm
is rarely affected in up to 5% (Murphey et al. 2009;
Berthe et al. 2003). Desmoids occur most frequently
in patients in the second to fourth decades of life, with
a peak incidence between the ages of 25 and 35 years
(Murphey et al. 2009). The lesion is typically deeply
seated and poorly circumscribed. Slow insidious
growth is the rule, and most lesions are painless
(Murphey et al. 2009).

2.12.3 Imaging Findings
Plain radiographs are often normal. A non-specific
soft-tissue mass may be apparent in patients with
larger lesions. Calcification is uncommon, although
underlying pressure erosion or cortical scalloping
may be seen.

The US appearance of desmoid-type fibromatosis
has not been extensively described. Ultrasound may
demonstrate a non-specific poorly defined, hypo-
echoic soft-tissue mass. Large lesions may demon-
strate posterior acoustic shadowing. Increased
vascularity is seen on Doppler-ultrasound (Murphey
et al. 2009).

On CT, the lesion has a variable attenuation and
enhancement (up to 110 HU). The attenuation is
usually similar to that of skeletal muscle, but lesions
with more prominent collagen content may reveal
mildly higher attenuation. Low attenuation is rare and

is associated with myxoid components. The margins
are often indistinct (Murphey et al. 2009).

On MRI, the lesion may be well demarcated or ill
defined. The signal intensity of desmoid-type fibro-
matosis is variable, dependent on the extent of col-
lagen and degree of cellularity of the lesion. Low
signal intensity areas on T2-weighted images corre-
spond histologically to hypocellular and collagen-rich
portions of the tumor, whereas more cellular areas
with a large extracellular space are of high signal on
T2-weighted images. In addition, high T2 signal may
be seen in myxoid portions.

Postcontrast MR images typically reveal hetero-
geneous and often moderate to marked enhancement
of these lesions. Hypocellular, collagenized bands do
not enhance and therefore are often accentuated at
postcontrast MR imaging (Fig. 21) (Murphey et al.
2009).

2.13 Synovial Chondromatosis

2.13.1 Definition
Primary synovial chondromatosis represents an
uncommon benign neoplastic process with hyaline
cartilage nodules in the subsynovial tissue of a joint,
tendon sheath (Fig. 21), or bursa. The nodules may
enlarge and detach from the synovium (Murphey
et al. 2007). Synovial chondromatosis may be divided
into primary and secondary forms. Secondary chon-
dromatosis represents a non-tumoral condition asso-
ciated with underlying degenerative, destructive or
posttraumatic joint disease that causes intraarticular
chondral bodies. On the contrary, primary synovial
chondromatosis can be regarded as a true benign
neoplastic disorder (Murphey et al. 2007; Buddingh
et al. 2003).

2.13.2 Clinical Findings
Male adults are the most commonly involved patient
population.

Primary chondromatosis involves usually large
joints such as the knee and hip. The metacarpopha-
langeal, interphalangeal, and distal radioulnar joints
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of the hand and wrist are less commonly involved
(Murphey et al. 2007). Primary synovial chondro-
matosis can also involve extraarticular sites (Sect.
17.2.14). This subtype arises probably in synovium
about the tendons or bursa and is frequently referred
to as tenosynovial (Fig. 22) or bursal chondromatosis,
respectively (Murphey et al. 2007).

2.13.3 Imaging
Radiologic findings are frequently pathognomonic.
Radiographs reveal multiple intra-articular calcifica-
tions (70–95% of cases) of similar size and shape,
distributed throughout the joint, with typical chon-
droid ‘‘ring-and-arc’’ pattern of mineralization.
Extrinsic erosion of bone is seen in 20–50% of cases.
The joint space is typically maintained, unless the
disease is complicated by secondary osteoarthritis.

Ultrasound shows a heterogeneous mass containing
foci of hyperechogenicity, representing either chon-
dral fragments or fronds of synovium with underlying
cartilage nodule formation. The nodules are usually
multiple and have a lobular contour. If the lesion
contains sufficient mineralization or enchondral ossi-
fication, posterior acoustic shadowing may be present
(Murphey et al. 2007). Synovial chondromatosis is
avascular on power Doppler (Roberts et al. 2004).

Computed tomography (CT) may depict calcified
intra-articular fragments and more subtle extrinsic
bone erosion.

Magnetic resonance (MR) imaging findings are
more variable, depending on the degree of minerali-
zation, although the most common pattern (77% of
cases) reveals low to intermediate signal intensity
with T1-weighting and very high signal intensity with
T2-weighting with hypointense calcifications. These
signal intensity characteristics on MR images and low
attenuation of the non-mineralized regions on CT
scans reflect the high water content of the cartilagi-
nous lesions. CT and MR imaging depict the extent of
the synovial disease (particularly surrounding soft-
tissue involvement) and lobular growth. Following
intravenous administration of contrast, peripheral or
arc-like enhancement may be observed (Wittkop et al.
2002). With delayed imaging after intravenous

Fig. 21 Desmoid tumor. a Axial SE T1-weighted image. Ill-
defined intramuscular lesion in the thenar muscle. The mass is
of heterogeneous signal with isointense and hypointense areas
compared to muscle. b Axial fatsuppressed TSE T2-weighted
image. Heterogeneous signal intensity with areas of low and
intermediate signal. The areas of low signal intensity on both
pulse sequences correspond to areas of hypocellularity and
collagenized areas. c Axial SE fatsuppressed T1-weighted
images after intravenous injection of gadolinium contrast.
Hypocellular, collagenized areas do not enhance
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contrast administration, an indirect MR arthrographic
effect may be obtained, showing multiple intraartic-
ular nodules within the joint cavity (Brassens and
Cotten 2010).

Secondary synovial chondromatosis can be
distinguished from primary disease both radiologi-
cally (underlying articular disease and fewer chondral
bodies of variable size and shape) and pathologi-
cally (concentric rings of growth) (Murphey et al.
2007).

2.14 Soft-Tissue Chondroma
(Tenosynovial Chondromatosis)

2.14.1 Definition
Soft-tissue chondroma, also known as extraskeletal
chondroma or chondroma of soft-tissue parts is a rare

soft-tissue tumor accounting for only 1.5% of benign
soft-tissue tumors (Hondar Wu et al. 2006). The ori-
gin is not known but is assumed to be synovial, since
the lesion is typically attached to the synovial capsule
or tendon sheath (Ergun et al. 2010).

2.14.2 Clinical Features
Soft-tissue chondroma occurs at almost any age, but
most commonly in 30–60-year-old patients. The
tumor occurs most commonly in the hands and feet
(Hondar Wu et al. 2006). Men are affected more often
than women in the third decades of life. When the
disease is diagnosed in older patients (after the fifth
decade), there is a female predominance (Murphey
et al. 2007). The patient presents most frequently with
a painless mass or only mild tenderness upon palpa-
tion of the lesion. Duration of the symptoms ranges

Fig. 22 Tenosynovial chondromatosis of the finger. a Plain
radiograph. Chondroid-like calcifications adjacent to the flexor
side of the proximal and middle phalanx (white arrows). There
is scalloping of the adjacent cortical bone (black arrows).

b Sagittal TSE T2-weighted image. The lesions are of variable
signal intensity corresponding to calcified and non-calcified
chondroid areas. Note the intimate relationship with the flexor
tendons and the presence of cortical erosions (arrows)
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between 5 and 18 years with a median of 2 years
(Fetsch et al. 2003).

2.14.3 Imaging Features
Plain films demonstrate calcifications in 33–80% of
soft-tissue chondromas. The pattern of calcifications
is variable, including curvilinear, punctate, mixed and
dystrophic or focal dense pattern (Fig. 22) (Hondar
Wu et al. 2006).

On MRI, the signal intensity varies along with the
degree of calcified matrix within the lesion (Fig. 22).
Highly calcified lesions are of low signal intensity on
both pulse sequences, whereas non-calcified lesions
are of intermediate signal intensity on T1-weighted
images and of high signal on T2-weighted images.
The high signal is due to a high water content of the
mucopolysaccharide component or myxoid changes
(Hondar Wu et al. 2006). Following intravenous

administration of contrast, septal or peripheral
enhancement may be observed, corresponding to
fibrovascular tissue surrounding the avascular nodules
(Ergun et al. 2010).

Fig. 23 Typical example of a malignant soft-tissue tumor of the wrist (highly malignant sarcoma NOS). a Sagittal SE T1-
weighted image. b Sagittal fatsuppressed TSE T2-weighted image. c Sagittal fatsuppressed SE T1-weighted images after
intravenous injection of gadolinium contrast. The lesion is large, inhomogeneous on T2-weighted images and shows marked and
inhomogeneous enhancement

Table 1 MR Imaging features that may suggest malignancy
(modified from De Schepper and Bloem 2007)

Large volume (any lesion exceeding 3 cm in H/W)

Ill defined margins

Inhomogeneity on all pulse sequences

Intralesional hemorrhage

Intralesional necrosis

Extensive and peripheral enhancement pattern (with papillary
projections) on static contrast examination

Rapid enhancement with steep slope on dynamic contrast
examination

Extracompartmental extension

Invasion of adjacent bones and neurovascular bundles.
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3 Malignant Soft-Tissue Tumors

Malignant soft-tissue tumors are much more rare than
benign tumor and tumor-like conditions in the hand
and wrist (de La Kethulle de Ryhove et al. 2000;
Capelastegui et al. 1999).

Soft-tissue sarcomas of the hand may be found in
young adults and clinical symptoms are usually non-
specific, as most patients present with a painless mass
without functional deficit.

Plain radiographs and CT are usually non-diagnos-
tic. Amorphous (synovial sarcoma, extraskeletal oste-
osarcoma) or arc-like (extraskeletal chondrosarcoma)
calcifications may be seen in certain malignant tumors.
Destruction of the adjacent bone is very rare.

Most malignant soft-tissue tumors are hypoechoic
on ultrasound and may show intralesional necrosis.
The tumor extent cannot be reliably determined on
ultrasound.

MRI is the imaging modality of choice for grading
(differentiation between benign and malignant tumors
and assessment of malignancy grade) and local stag-
ing of malignant soft-tissue tumors of the hand and
wrist (H/W).

Important grading parameters which may suggest
malignancy based on MR imaging (Fig. 23) are
summarized in Table 1. There are some exceptions to
these rules of thumb as some malignant tumors may
have relatively well-defined margins and may dem-
onstrate homogeneous enhancement (e.g. clear cell
sarcoma). The value of each individual parameter
being rather low, correct differentiation can be
achieved by a combination of multiple parameters
(Gielen et al. 2004; Van Rijswijk et al. 2004).
Although a correct histologic diagnosis (tissue spe-
cific diagnosis) of malignant soft-tissue tumors cannot
be reached based on imaging studies alone, the main
task of the radiologist is to select any soft tissue that
may be potentially malignant. These lesions should
be further evaluated by incisional biopsy without
jeopardizing definitive treatment options (Terek and
Brien 1995).

The most common malignant soft-tissue tumors
involving the hand are synovial sarcoma, liposarco-
mas, rhabdomyosarcoma, clear cell sarcoma, myxo-
fibrosarcoma, malignant vascular tumors
(angiosarcoma and Kaposi sarcoma), and malignant
peripheral nerve sheath tumors. As the imaging fea-
tures of these histologic subtypes are often non-

Fig. 24 Myositis of the
thenar in a 7-year-old boy,
presenting with pain and
swelling at the thumb.
a Plain radiograph. Note
calcifications in the thenar
(arrow). b Coronal SE
T1-weighted image 9 month
later shows an intramuscular
ossified mass with central
high signal intensity (fatty
bone marrow) with peripheral
and central areas of low signal
(Courtesy of J. Vandevenne,
Genk)
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specific, further discussion is beyond the scope of this
chapter.

4 Pseudotumoral Lesions

4.1 Myositis Ossificans

Myositis ossificans (MO) is a benign condition of
heterotopic bone formation, which can mimic soft-
tissue malignancies. It is rarely seen in the hand
region (Chadha and Agarwal 2007; Van Zwieten
et al. 2007). The ossification on plain films is cen-
tripetal (in contrast to the ossification in extraskeletal
osteosarcoma).

Zonal pattern is the typical imaging characteristic
(Fig. 24) (Ergun et al. 2010). Detailed discussion of
the imaging features of MO is beyond the scope of
this chapter.

4.2 Foreign-Body Granuloma

4.2.1 Definition
Foreign body granuloma is usually observed due to
previous penetrating trauma, in which the foreign
body is not properly retrieved.

4.2.2 Clinical Findings
Most patients will present with a palpable mass, pain,
and discomfort.

4.2.3 Imaging Findings
Plain radiographs are only capable of demonstrating
radio-opaque foreign bodies, where ultrasound is the
imaging technique of choice to demonstrate non-
radio-opaque foreign bodies and the surrounding
inflammatory reaction (Fig. 25).

In the early course of the lesion, high T2-signal
and contrast enhancement is seen surrounding the
foreign body, while the granulation tissue may be of
low T2-signal without contrast uptake in the chronic
stage of the disease (Ergun et al. 2010).

4.3 Rheumatoid Nodule

4.3.1 Definition
Rheumatoid nodules may be rarely observed in cases
of long-standing RA, or other rheumatic disease such
as lupus, spondylarthropathy, agammaglobulinemia
and rheumatic fever. Rarely, it may precede the
articular manifestations of rheumatic disease. Histo-
logically, the lesion consists of chronic inflammation,
with or without central necrosis.

4.3.2 Clinical Findings
The lesions are usually located at the dorsal aspect of
the hand within the subcutaneous tissue (particularly
at sites of pressure or repetitive trauma), but bursae,
joints, tendons and ligaments may be involved as well
(Ergun et al. 2010).

4.3.3 Imaging Findings
Ultrasound is non-specific. MRI may demonstrate
iso- to hypointense lesions compared to muscle on

Fig. 25 Foreign body (wood). a Ultrasound shows a central
hyperechoic wood fragment surrounded by a hypoechoic
inflammatory reaction. b On power Doppler examination, there
is increased signal at the periphery of the lesion
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T1-weighted images. Solid lesions are hypointense on
T2-weighted images, whereas cystic lesions are
hyperintense. The enhancement pattern is variable
ranging from marked in solid lesions to peripheral
ring like in cystic lesions (Ergun et al. 2010).

4.4 Gout, Tophaceous Pseudogout,
and Other Metabolic Disease

Crystal disease such as gout and pseudogout
(hydroxyapatite and calcium pyrophosphate dehydrate

Fig. 26 Examples of pseudomasses due to metabolic diseases.
a Clinical picture of tophaceous gout. Peri-articular soft-tissue
swelling best seen at the proximal interphalangeal joint of the
third finger. b Corresponding plain radiograph showing the
soft-tissue swelling and adjacent periosteal new bone forma-
tion. c On ultrasound, there is a hypoechoic mass with

intralesional reflections with retro-acoustic shadowing due to
urate deposition. d Pseudogout (hydroxyapatite deposition
disease) in another patient. Plain radiograph showing linear
and amorphous calcifications at the joint capsule of the distal
interphalangeal joint of the index
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deposition disease) and amyloid deposition may
occasionally present as peri-articular soft-tissue mas-
ses (Fig. 26). Imaging findings are discussed in
another chapter of this book.

4.5 Tenosynovitis and Soft-Tissue
Abscess

Tenosynovitis consists of inflammation of the tendon
sheath. The etiology may include acute and chronic
trauma, infection or inflammatory or metabolic dis-
ease (Fig. 27).

Infection of the hand and wrist can rapidly spread
along the numerous tendon sheath, fascial planes, and
lymphatics of the hand. Imaging findings are dis-
cussed elsewhere in this book.

4.6 Anomalous and Accessory Muscles

4.6.1 Definition
Accessory muscles are congenital anatomic variants
that may clinically simulate mass lesions. The most
encountered accessory muscles of the hand and wrist
are the accessory palmaris longus muscle, the exten-
sor digitorum brevis muscle, the accessory abductor
pollicis minimi muscle, and the anomalies of the
flexor digitorum muscles.

4.6.2 Clinical Findings
The lesion may present as a wrist mass. Palmaris
longus and accessory flexor digitorum superficialis
muscle may be associated with median or ulnar nerve
entrapment.

4.6.3 Imaging Findings
Ultrasound shows a hypoechoic structure with a
typical striated appearance of muscle. Dynamic
ultrasound will show changes in the shape of the
mass with active muscle contraction. Accessory
muscles are isointense to muscles on all MR pulse
sequences.

4.7 Anomalous Osseous Structures

Accessory osseous structures such as a carpal boss may
sometimes simulate soft-tissue masses clinically. A
carpal boss consists of a firm osseous prominence on
the dorsum of the hand at the base of the second or third
metacarpal and adjacent to the capitate and trapezoid
bone (Fig. 28). On MRI, there may be reactive bone

Fig. 27 Tenosynovitis. a Transverse ultrasound of the exten-
sor tendons of the wrist showing fluid surrounding the extensor
tendons of compartment 4. b Longitudinal power Doppler
examination shows increased signal within the tendon sheath
and tendons. c Axial fatsuppressed TSE T2-weighted image
showing increased fluid around the flexor tendons of the third
and fourth finger (arrows) in another patient with known
rheumatoid arthritis
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marrow edema and associated joint effusion at the
carpo-metacarpal joint (Nguyon et al. 2004).

4.8 Bizarre Parosteal Osteochondromatous
Proliferation (BPOP)

This reactive lesion and other surface lesions of bone
are discussed in Tumours and Tumour-like Lesions
of Bone.

4.9 Knuckle Pads

Knuckle pads are caused by focal fibrous thickening
dorsally at the proximal interphalangeal (PIP) or
metacarpophalangeal (MCP) joint may precede
the development of palmar fibromatosis. They are

usually asymptomatic. Imaging features are non-
specific. On MRI, a nodular thickening is seen at
the dorsal aspect of the PIP or MCP joint, with
intermediate signal intensity compared to muscle on
both pulse sequences and moderate enhancement
(Murphey et al. 2009).

4.10 Subcutaneous Granuloma Annulare

Subcutaneous granuloma annulare is a rare
inflammatory dermatosis that may be encountered
in children, usually located in the pretibial area
or the scalp. The lesion presents as an ill-
demarcated fast-growing painless subcutaneous
lesion, with variable signal intensity and contrast
enhancement.

Fig. 28 Carpal boss. a Plain
radiograph (lateral view)
showing a bony prominence
at the dorsal aspect of the
carpometacarpal joint
(arrow). b Sagittal
fatsuppressed TSE T2-
weighted image. Note
bone marrow edema and
subchondral cyst formation
at the carpo-metacarpal
joint (arrows)

Fig. 29 Hypothenar hammer syndrome. a Axial SE
T1-weighted image shows a well defined oval mass super-
ficial to the flexor tendons and immediately distal to the
hamulus of the hamate. The lesion is of high signal with

central area of lower signal intensity. b Axial TSE T2-
weighted image shows comparable signal intensities, consis-
tent with thrombosis. c CT-angiography shows occlusion of
the ulnar artery (arrow)
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4.11 Hypothenar Hammer Syndrome

A posttraumatic partially thrombosed palmar aneu-
rysm resulting from repeated trauma to the wrist
(hypothenar hammer syndrome) may mimic a soft-
tissue tumor (Van Zwieten et al. 2007).

The typical location of the lesion on the distal part
of the ulnar artery distal to the hamulus of the hamate,
the history of repeated trauma, the signal intensity of
the lesion (indicative of thrombosis), and direct
demonstration of occlusion of the ulnar artery on
different imaging modalities (Doppler-ultrasound,
MR and CT-angiography) may allow a correct diag-
nosis (Fig. 29).

5 Conclusion

Most benign soft-tissue tumors or tumor-like condi-
tions of the hand have a predilection for certain location
in the hand or wrist or may present with characteristic
imaging features. This applies particularly for ganglion
cysts, epidermoid inclusion cysts, lipoma, haeman-
giomas, glomus tumors, and nerve sheath tumors.
These lesions can be confidently characterized by
imaging. On the contrary, malignant tumors and certain
locally aggressive tumors such as desmoid tumor
present with non-specific imaging features. Further
histologic confirmation is mandatory in order to allow
proper management of these lesions.

6 Key Points

• Soft-tissue tumors of the hand and wrist (H&W) are
more frequent than bone tumors.

• Benign tumors largely outnumber their malignant
counterparts.

• There are some tumors having the H&W as a
preferential location, i.e. ganglion cysts, GCTTS,
lipomatosis of nerve…

• Benign tumors mostly have distinctive features on
MRI, i.e. cysts, GCTTS, hemangiomas, lipomas,
neurogenic tumors…

• Ultrasound is the initial technique for evaluation of
superficial cystic lesions and may have role in the
evaluation of small glomus tumors

• MRI is the preferred technique that contributes
substantially in detection, staging, grading, and

characterization of soft-tissue tumors. There is
only a limited role for plain radiography or CT
scan.

• The goal of MRI is to characterize as much as
benign tumors and to advocate a biopsy in MRI-
non-specific lesions.
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Abstract

In any textbook dealing with conditions affecting
a particular anatomical site, there will be some
which do not fit conveniently under the standard
chapter headings. The purpose of this chapter is
to review these miscellaneous localised and
systemic disorders that may affect the hand and
wrist.

1 Introduction

In any textbook dealing with conditions affecting a
particular anatomical site, there will be some which
do not fit conveniently under the standard chapter
headings. The purpose of this chapter is to review
these miscellaneous localised and systemic disorders
that may affect the hand and wrist.

2 Paget’s Disease

Paget’s disease of bone is a benign disorder affecting
3–4% of the population over 40 years of age pre-
dominantly in Caucasian races (Smith et al. 2002).
There is recent evidence of decreasing prevalence
(Cundy 2006). The abnormality in Paget’s disease is
excessive and abnormal remodelling of bone. Three
pathologic phases have been described: the lytic
phase, the mixed phase and the blastic phase. Initially
there is osteolysis, followed by trabecular and cortical
thickening and enlargement in the mixed phase of the
disease, followed by sclerosis in the blastic phase.
Paget’s disease is usually polyostotic and asymmetric.
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Polyostotic disease (65–90%) is more frequent than
monostotic disease.

Involvement in the hand and wrist has been
reported infrequently, although bone scintigraphy
studies reveal hand localisation varying from 6.4 to
11.6% (Friedman et al. 1982). Clinically, Paget’s
disease in the hands is usually asymptomatic; how-
ever, several cases with pain in the hands have been
reported (Friedman et al. 1982). When Paget’s dis-
ease occurs in the hand, there is usually a polyos-
totic involvement (Haverbush et al. 1972).
Monostotic localisation in the hand is less frequent
(De Smet et al. 1994; Rodriguez-Peralto et al. 1994;
Calif et al. 2007). It typically affects the phalanges
and metacarpals, with carpal involvement rare and
distal phalangeal involvement almost unknown. The
most common radiographic pattern of disease in the
hand is sclerosis (Fig. 1; Haverbush et al. 1972) and
is seen in 45% of cases (Friedman et al. 1982).
However, all patterns as found elsewhere in the body
(cortical destruction, bone expansion, coarsened
trabeculae and bone sclerosis) may be seen in the
hand (Friedman et al. 1982). Sarcomatous transfor-
mation is the most sinister complication of Paget’s
disease and is rarely seen in the hand. A review by
Lopez et al. (2003) looked at 340 cases of Paget’s
sarcoma in the literature and identified no cases in

the hand and wrist. Isolated cases of malignant
transformation have, however, been recorded
(Friedman et al. 1982). The MR imaging appear-
ances of Pagetic marrow can be variable (Smith
et al. 2002) but a useful diagnostic sign is the pres-
ervation of the hyperintense marrow signal on
T1-weighted images (Fig. 2; Boutin et al. 1998;
Kaufmann et al. 1991; Sundaram et al. 2001; Vande
Berg et al. 2001).

3 Sarcoid

Sarcoidosis is a granulomatous disorder of unknown
cause that affects multiple organ systems. It is char-
acterised by the presence of multiple non-caseating
granulomas, most commonly seen in the lungs, lymph
nodes, skin and eyes. The diagnosis is made by a
combination of clinical, radiological and histological
features.

Skeletal involvement has been reported in 1–13%
of patients with the disease. Radiographic evaluation
is often limited to the hands or feet, which demon-
strate predominantly osteolytic lesions. The hand is
the commonest site of skeletal sarcoidosis. The
lesions may be unilateral or bilateral, but symmetrical
involvement is unusual. Lesions in the hand are most
commonly seen in the middle and distal phalanges,
and less often in the proximal phalanges and meta-
carpals (Van Linthoudt and Ott 1986). There are
several types of lesion that are seen. The character-
istic lesion is the alteration of the trabecular lattice
resulting in a honeycomb lytic appearance (Fig. 3).
Cystic lesions may also occur leading to a punched-
out appearance that may be located centrally or
eccentrically (Fig. 3). Osseous destruction may
appear rapidly if these lesions are associated with
cortical erosion, which can lead to pathological frac-
ture (Neville et al. 1976, 1977). Periosteal new bone
formation is uncommon.

Acro-osteolysis (terminal phalangeal resorption)
has been reported in sarcoid involvement of the hands
(Fig. 4). The finding is non-specific. In both the hand
and the wrist, tenosynovitis is a recognised compli-
cation of sarcoidosis (Katzman et al. 1997; Moore
2003). Other soft tissue changes can be seen on MR
imaging. These include focal and diffuse muscle
lesions, soft tissue infiltration and masses (Moore
2003). MR imaging may also be useful in the

Fig. 1 Paget’s disease. There
is bony sclerosis and
expansion of the proximal
phalanx of the middle finger
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Fig. 2 a Radiograph and
b coronal T1-weighted MR
imaging of Paget’s disease of
the distal radius. The
radiograph was initially
misinterpreted as showing a
giant cell tumour but the
preservation of the
hyperintense marrow signal in
b is highly suggestive of
Paget’s disease

Fig. 3 Sarcoidosis. There is involvement of the proximal and middle phalanges of both hands. The appearances are more
punched-out on the left with honeycomb osteolysis on the right
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differential diagnosis, for example in the evaluation of
soft tissue nodules distinguishing gout from sarcoid-
osis. Intermediate-weighted MR images typically
show tophi as hypointense, whereas sarcoid nodules
will usually be hyperintense.

Lofgren syndrome is a well-recognised manifes-
tation of sarcoidosis, with patients exhibiting arth-
ralgias, erythema nodosum and bilateral hilar
lymphadenopathy. Polyarthritis involving the inter-
phalangeal joints, wrists, elbows, knees or ankles is
common. Monoarthritis and effusion are uncommon.
Ten to thirty-five percentage of sarcoidosis patients
will also experience joint symptoms due to granu-
lomatous arthritis with a chronic transient or relapsing
arthropathy. Sausage-like dactylitis of the fingers can
also occur (Fig. 4). Pain is usually not severe. The
uptake of FDG in PET scanning from sarcoid tissue is
non-specific. However, Brudin et al. (1994) have
described how the degree of FDG uptake correlates
with disease activity, and although FDG PET is not
useful for initial diagnosis, it could be used for
evaluating the extent of active disease and monitoring
response to therapy (Love et al. 2005).

4 Reflex Sympathetic Dystrophy

Reflex sympathetic dystrophy (RSD) is a distinct
condition that occurs in a variety of clinical situations.
There are several terms that are used to describe the
same condition including: causalgia, algodystrophy,
Sudeck’s atrophy, post-traumatic osteoporosis and
complex regional pain syndrome. Although the cause
is often idiopathic, many visceral, musculoskeletal,
neurological and vascular conditions can cause RSD
with trauma the most common. The most frequent site
for RSD is in the hand. Clinical symptoms include
stiffness, pain, tenderness and weakness. Radio-
graphic changes range from soft tissue swelling with
juxta-articular osteopenia (Fig. 5) to a more general-
ised osteopenia (Fig. 6). The former can mimic the

Fig. 4 Sarcoidosis. At presentation, a showing eccentric soft
tissue swelling and lacy osteolysis of the middle phalanx of the
middle finger; 14 years later, b showing soft tissue swelling of
both index and middle fingers and progression of disease with
terminal phalangeal resorption and further destruction of the
middle phalanx of the middle finger. There is now also
involvement of the proximal phalanges of both fingers

Fig. 5 Reflex sympathetic dystrophy. There is intense juxta-
articular osteopenia mimicking an acute inflammatory
arthropathy
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presentation of an acute inflammatory arthropathy but
in RSD there is no joint space narrowing or erosions.
Both three-phase bone scintigraphy and MR imaging
can be used to assess the ‘‘activity’’ of this disorder
over time (Park et al. 2009).

5 Haematological and Marrow
Disorders

This section covers the imaging manifestations in the
hand and wrist of haematological and marrow disor-
ders including haemophilia, sickle cell anaemia and
thalassaemia.

5.1 Haemophilia

Haemophilia and related bleeding disorders are a
group of conditions that are characterised by abnor-
mality in blood coagulation caused by deficiency in

certain plasma clotting factors. The two most common
types associated with intraosseous and intraarticular
bleeding are haemophilia A (deficiency in clotting
factor VIII) and haemophilia B (deficiency in clotting
factor IX). Haemarthrosis occurs in 75–90% of people
with haemophilia and in time leads to a haemophilic
arthropathy. This begins between the ages of
2–3 years and increases in frequency till the ages of
8–13 years. The joints most commonly affected
include the knee, elbow, ankle, hip and shoulder.
Usually, a single joint is involved in each episode,
though eventually multiple joints become affected in
this disease. Intraarticular bleeding is rare in the hand
and wrist. A well-recognised but rare complication
occurring in approximately 2% of patients with severe
haemophilia is the so-called haemophilic pseudotu-
mour. These result from chronic recurrent haemor-
rhage that may be intraosseous, subperiosteal or arise
in the soft tissues. The bones most frequently
involved, in order of decreasing frequency, are the
femur, pelvis, tibia and the small bones of the hand

Fig. 6 Reflex sympathetic dystrophy. In this chronic case affecting the right hand, there is intense generalised osteopenia with
multiple intracortical lucencies. Note the normal bone density of the unaffected left hand
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Fig. 7 Haemophilic
pseudotumour proximal
phalanx of the thumb. The age
of the patient and the
radiographic appearances
mimic an aneurysmal bone
cyst

Fig. 8 Sickle cell disease. A young child with severe hand–foot
syndrome showing medullary lucencies and periosteal new bone
formation involving all the long bones of the hand and the distal
ulna. The visible mineralised carpal bones are not involved

Fig. 9 Thalassaemia. The marrow hyperplasia is causing
severe generalised osteopenia, trabeculation and minor expan-
sion of the long bones

(Park and Ryu 2004). Cases have also been reported
affecting the distal forearm bones (Ahlberg 1975;
Shaheen and Alasha 2005). Cases involving the hand
and wrist are usually of intraosseous origin, whereas
pseudotumours arising in the lower limbs and pelvis
tend to be extraosseous with secondary pressure ero-
sion of adjacent bones. In the long bones of the hand,
intraosseous haemophilic pseudotumour shows an
expansile benign-appearing lytic lesion mimicking
amongst other pathologies an aneurysmal bone cyst
(Fig. 7; Shaw and Wilson 1993).

5.2 Sickle Cell Disease

Sickle cell disease is one of the hereditary haemo-
globinopathies characterised by an abnormal haemo-
globin chain (HbS). Clinical manifestations of the
disease include painful crises affecting the bones and
joints of the extremities. In children with sickle cell
anaemia, 30% will present with hand–foot syndrome
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between the ages of 6–24 months with pain and
swelling of the hands due to marrow infarction
(Watson et al. 1963). The radiographic changes are
those of a dactylitis with osteolysis and periosteal new
bone formation (Fig. 8; Bohrer 1970). Hand–foot
syndrome is rare after 6 years of age because the red
marrow recedes from the distal tubular bones of the
hand and is replaced by yellow marrow with reduced
oxygen requirements. Severe dactylitis may cause
premature growth plate fusion thereby causing rela-
tive shortening of one or more long bones of the hand
(Cockshott 1963). Ischaemic changes in the carpal
bones are uncommon (Lanzer et al. 1984).

5.3 Thalassaemia

Thalassaemia is a hereditary haemoglobinopathy with
an abnormality in the globin chain production of the
red blood cell. This can involve a deficiency in alpha-
globin chain synthesis or beta-globin chain synthesis.
In severe untreated cases, there is generalised osteo-
penia and the tubular bones of the hand are expanded
secondary to marrow hyperplasia (Fig. 9; Caffey

1957; Middlemiss and Raper 1966). There is also
cortical thinning with a coarse, trabeculated appear-
ance. When MR imaging is used in the assessment of
the tubular bones of the hand, the findings may
include an indistinct physeal–metaphyseal junction,
altered signal intensity in the metaphysis, physeal
widening and metadiaphyseal and epiphyseal lesions.
Severe radiographic changes are not often seen in the
developed world these days as most cases are treated
from early infancy with repeated blood transfusions
thereby reducing the marrow hyperplasia.

5.4 Other Marrow Disorders

The radiographic appearances in the hands of other
marrow and deposition disorders such as Gaucher’s
disease and Niemann-Pick disease are relatively minor
when compared with changes elsewhere in the skeleton.
The authors have reported a single case of Erdheim–
Chester disease presenting with a lytic lesion in a meta-
carpal mimicking a giant cell tumour or metastasis
(Davies et al. 2010). Marrow malignancies are covered in
chapter ‘‘Tumours and Tumour-like Leisions of Bone’’.

Fig. 10 Two different cases of neurofibromatosis. a Multiple soft tissue lumps due to subcutaneous neurofibromas and bone
erosions in the index and middle fingers. b There is focal gigantism and sclerosis of the index and middle metacarpals and fingers
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6 Amyloidosis

Amyloidosis is the deposition of abnormal insoluble
proteins in soft tissues and bone. It is not a single
disease entity with to-date over 20 variants identified.
The World Health Organization has proposed a
classification based on the precursor fibril protein
(Westermark et al. 2002). This includes primary
systemic, secondary systemic, familial, dialysis-rela-
ted, etc. Soft tissue amyloid deposition produces
nodules that are often prominent over the joints of the
hand and wrist. Similar deposits in the carpal canal
may lead to carpal tunnel syndrome. Ten to thirty
percentage of patients with primary amyloidosis
have carpal tunnel syndrome. Typically, a bilateral

distribution is seen, and signs and symptoms related
to carpal tunnel syndrome often precede other mani-
festations of the disease. Amyloid deposition has also
been documented in the wrists of patients on dialysis
for chronic renal failure with carpal tunnel syndrome.
The radiographic findings of amyloidosis in the hand
and wrist include asymmetric soft tissue masses, peri-
articular osteoporosis, widening of the articular
spaces and subchondral cysts and erosions. The
appearance differs from rheumatoid disease of the
hands and wrist as there is preservation of the joint
space with soft tissue nodular masses. Extensive joint
destruction is occasionally encountered in amyloido-
sis resulting from neuropathic arthropathy or osteo-
necrosis of the epiphyseal surfaces. On MR imaging,
the amyloid deposits tend to be iso- or slightly
hypointense with respect to muscle (Cobby et al.
1991; Kiss et al. 2005).

Fig. 11 Tuberous sclerosis. Multiple cyst-like radiolucencies
involving the first and fifth metacarpals and all the fingers

Fig. 12 Macrodystrophia lipomatosa in a child. Focal gigan-
tism of the index and middle fingers with bony overgrowth and
soft tissue syndactyly
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7 Haemochromatosis

Haemochromatosis results from excessive iron stor-
age in the soft tissues. It may be primary, inherited as
an autosomal recessive disorder, or secondary to
chronic anaemias with multiple transfusions and
dietary iron overload. In the hand and wrist, calcium
pyrophosphate dihydrate (CPPD) crystal deposition
causes chondrocalcinosis of the triangular fibrocarti-
lage in up to 60% cases. In chronic cases, particularly
the primary form, a structural arthropathy develops
with a predilection for the second and third meta-
carpo-phalangeal joints with joint space narrowing
and hook-like exostoses on the radial aspect of the
metacarpal heads (Schumacher 1964).

8 Phakomatoses

The phakamatoses are a group of neurocutaneous
syndromes typified by the development of benign
tumours and malformations, especially in organs of

ectodermal origin. The two such conditions that may
manifest in the hands are neurofibromatosis and
tuberous sclerosis. In neurofibromatosis, this includes
soft tissue masses, bone erosion from adjacent neu-
rofibromas and localised gigantism (macrodactyly;
Fig. 10). In tuberous sclerosis, there may be multiple
cyst-like radiolucencies, periosteal thickening and
localised gigantism (Fig. 11; Bernauer 2001).

9 Macrodystrophia Lipomatosa

This is a rare congenital form of localised gigantism
due to overgrowth of the mesenchymal tissues par-
ticularly hypertrophy of adipose tissue. This results
in enlargement of one or more adjacent digits
(Fig. 12; Hildebrandt et al. 1993). Most of the
reported lesions are present at birth and are associ-
ated with a high incidence of local anomalies
including syndactyly, polydactyly and clinodactyly.
In the adult, the bony hypertrophy can be associated
with periarticular exostoses (Fig. 13). The condition
may also be associated with carpal tunnel syndrome
(Ranawat et al. 1968).

Fig. 13 Macrodystrophia lipomatosa in an adult: focal gigan-
tism of the index and middle fingers with periarticular
exostoses

Table 1 Diseases associated with hypertrophic osteoarthrop-
athy (modified from Gibson et al. 2008)

Pulmonary

Bronchogenic carcinoma

Metastases

Mesothelioma

Pulmonary abscess

Tuberculosis

Bronchiectasis

Cystic Fibrosis

Cardiac

Cyanotic heart disease

Bacterial endocarditis

Gastrointestinal

Inflammatory bowel disease

Biliary atresia

Cirrhosis

Miscellaneous

Nasopharyngeal carcinoma

Hodgkin’s lymphoma

AIDS
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10 Hypertrophic Osteoarthropathy

Originally called hypertrophic pulmonary osteoar-
thropathy, this condition was first described in the
French literature at the end of the nineteenth century
(Marie 1890). Clinical presentation is with pain and
tenderness of the extremities with digital clubbing.
Although most commonly associated with lung dis-
eases, classically bronchogenic carcinoma, the term
pulmonary has been dropped in recognition of the non-
pulmonary associations (Table 1). The typical radio-
graphic appearance is symmetrical periosteal new bone
formation along the tubular bones. This occurs in the
diaphyses of the radius and ulna, and less frequently in
the metacarpals and phalanges. The severity can vary

from simple elevation of the periosteum (Fig. 14), to a
lamellated ‘‘onion-skin’’ appearance, to irregular
periosteal ‘‘cloaking’’ with an undulating contour
(Fig. 15; Ali et al. 1980; Pineda et al. 1987). The dif-
ferential diagnosis for hypertrophic pulmonary osteo-
arthropathy includes pachydermoperiostitis sometimes
referred to as primary hypertrophic osteoarthropathy.
This is a rare, often familial, lesion predominantly of
males with a predisposition for Afro-Caribbean popu-
lations. Clinically, there is clubbing of the fingers,
thickening of the skin and hyperhydrosis. Compared
with hypertrophic pulmonary osteoarthropathy, it is
relatively pain free. The bones most commonly affected
are the radius and ulna, followed by the tubular bones of
the hands. The periosteal reaction is similar to hyper-
trophic pulmonary osteoarthropathy but is more solid
and spiculated and also involves the epiphyses to pro-
duce outgrowths around joints (Fig. 16).

Fig. 14 Hypertrophic osteoarthropathy. Child with long-
standing, untreated cyanotic heart disease. There is a single-
layer lamellar periosteal reaction along the distal radius and
ulna, the metacarpals and to a lesser extent the phalanges. There
is also evidence of digital clubbing

Fig. 15 Hypertrophic osteoarthropathy. Adult with known
bronchogenic carcinoma. There is symmetrical coarse perios-
teal new bone formation along all the metacarpals and to a
lesser extent the phalanges

358 V. S. Sandhu et al.



11 Congenital Insensitivity to Pain

Congenital insensitivity to pain, first described in
1932 (Dearbon 1932), is a rare hereditary sensory and
autonomic neuropathy characterised by the congenital
inability to register pain or temperature changes
(Rahalkar et al. 2008; Reilly 2009). The principal
orthopaedic manifestations are recurrent fractures,
neuropathic joints and osteomyelitis (Silverman and
Gilden 1959; Siegelman et al. 1966; Karmani
et al. 2001). The changes in the hand include acro-
osteolysis, amputations and secondary osteomyelitis
(Fig. 17; Gwathmey and House 1984). In children,
epiphyseal separation and growth plate fragmentation
may occur at the wrist.

12 Toxic Agents and Pharmacological
Agents

Toxic effects manifested in the hand may be localised
or systemic. An example of a localised toxic effect is
soft tissue necrosis and contractures secondary to
snake bite venom (Huang et al. 1978). Snake and
scorpion venom have also both been reported as
causing acro-osteolysis (Qteishat et al. 1985).
Osteolysis resulting from secondary infections due to
animal bites is well recognised. The animals include
domestic pets, rodents, exotic animals such as
camels (Al-Boukai et al. 1989) and of course humans
(Resnick et al. 1985).

Systemic toxic effects include lead poisoning
seen in the past in children who had ingested lead-
based paints. Radiographs show a radiodense line
paralleling the growth plates in the metaphyses of

Fig. 16 Pachydermoperiostosis in an adult of Afro-Caribbean
ethnic origin. Digital clubbing with coarse periosteal new bone
formation along the distal radius and proximal phalanges

Fig. 17 Congenital insensitivity to pain. There is extensive
terminal phalangeal resorption (acro-osteolysis) secondary to
the underlying neuropathy. The appearances are non-specific
and may be seen in other causes of neuropathy such as leprosy
or following ‘‘trauma’’ such as frostbite
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the distal radius and small tubular bones of the
hand (Fig. 18; Leone 1968; Sachs 1981). Multiple
lead lines may be seen if the exposure to the lead
has been repeated. The differential diagnosis of
radiodense lines in the distal radial metaphysis
include other forms of heavy metal poisoning (e.g.
bismuth and phosphorus) and the healing phase of
rickets and scurvy and treated leukaemia. A toxic
cause of more generalised bony sclerosis is fluorosis
that is endemic in certain areas of India. In chil-
dren, this may be associated with rickets-like
changes (Christie 1980). An unusual form of
occupational acro-osteolysis has been described in
polyvinylchloride (PVC) poisoning (Gama and
Meira 1978). The typical radiographic feature is a
band of osteolysis through the terminal phalanges
(Fig. 19a). With removal of exposure to the PVC
manufacturing process, there is healing of the
defects with shortening and widening of the termi-
nal phalanges (Fig. 19b). A similar appearance may
be seen with familial acro-osteolysis (Hajdu–Che-
ney syndrome) and has also been reported in a
guitarist (Destouet and Murphy 1981).

Fig. 19 Polyvinylchloride
(PVC) poisoning. a Typical
band-like acro-osteolysis
across the terminal phalanges.
b On removal from exposure to
the PVC manufacturing
process, there has been healing
of the defects with shortening
and widening of the terminal
phalanges

Fig. 18 Lead poisoning. An infant with a radiodense ‘‘lead
line’’ in the distal radial and ulnar metaphyses
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Prolonged and excessive exposure to numerous
pharmacological agents may cause skeletal abnor-
malities identifiable on radiographs of the hand. These
range from the devastating teratogenic effects of
thalidomide (Fig. 20) to the rickets-like or osteoma-
lacia pattern associated with phenytoin, phenobarbi-
tal, deferoxamine, diphosphonates and dialysis-
related aluminium toxicity (Fig. 21). Hypervitamin-
osis A can cause generalised periosteal reactions
(Caffey 1951) and hypervitaminosis D sclerotic met-
aphyseal bands (De Wind 1961).

13 Radiation Changes

It was not long after the discovery of X-rays in 1895
by Wilhelm Roentgen that the deleterious effects
were being reported. An eminent British Radiologist,

Fig. 21 Dialysis-related aluminium bone disease. Osteomala-
cic pattern with Looser’s zone in the 2nd and 3rd metacarpals

Fig. 22 Radionecrosis. Historical case of a seamstress who
underwent protracted fluoroscopy for the removal of a sewing
needle embedded in the soft tissues. This caused skin ulceration
and contractures and radionecrosis of the metacarpals (from the
collection of Dr Philip Jacobs—deceased)

Fig. 20 Teratogenic effects of thalidomide therapy during
pregnancy. The child has been born with proximal phocomelia
and severe skeletal abnormalities of the hand
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John Hall-Edwards, working at the General Hospital
in Birmingham was one of the first to give a com-
prehensive description of the adverse effects of X-rays
on the bones of the hand—using his own hands for
case material (Hall-Edwards 1908). Complications
include radiation-induced dermatitis with an
increased risk of malignant transformation, growth
plate damage in children and radionecrosis of the
bones (Fig. 22; Hartwell et al. 1964; De Smet et al.
1976). Radiation-induced damage to the hands from
diagnostic X-rays is mercifully rare in this day and
age but modern radiologists do need to be aware of
the potential increase in radiation dose to the hands
when undertaking interventional procedures under
either fluoroscopic or CT control. Radiation-induced
tumours of the hand following radiotherapy are rare
(Libshitz and Cohen 1982). It is possible that the
incidence of radiation-induced osteochondromas in
the hands may rise due to the increasing use of

whole-body irradiation in children as part of the
preparative regimen for haematopoietic stem cell
(bone marrow) transplantation.

14 Massive Osteolysis

Bone destruction is a non-specific feature of numerous
different bone conditions. There is a rare group of idi-
opathic disorders causing significant bone destruction
that can be categorised under the title of primary oste-
olysis syndromes (Resnick 2002). The commonest is
known as Gorham’s disease or Massive Osteolysis
characterised by uncontrolled, destructive proliferation
of vascular or lymphatic vessels within bone and the
surrounding soft tissues (Gorham and Stout 1955).
Radiographs show dramatic, progressive resorption of
bone that can cross joints and involve adjacent bones.
The shoulder and the pelvis are the most common sites

Fig. 23 Idiopathic Multicentric Osteolysis (Carpal-Tarsal Osteolysis). a Child showing marked resorption of the carpal bones
with involvement of the bases of the 2nd and 3rd metacarpals. b Same case as an adult showing disease progression with further
involvement of the metacarpals

362 V. S. Sandhu et al.



of involvement but cases have been reported in the hand
(Patel 2005). Another rarer form of primary osteolysis
is Idiopathic Multicentric Osteolysis also known as
Carpal-Tarsal Osteolysis. Radiographs show progres-
sive carpal bone resorption with in time involvement of
the metacarpals (Fig. 23). Cases may be associated
with a nephropathy (Warady et al. 1991).

15 Key Points

• the hand is the commonest site of bone involvement
with sarcoid.

• the hand is the commonest site for reflex sympa-
thetic dystrophy (complex regional pain syndrome).

• dactylitis may be seen in numerous diseases
including sarcoidosis and sickle cell anaemia.

• hypertrophic osteoarthropathy may be associated
with both pulmonary and non-pulmonary disorders.
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Abstract

Orthopaedic procedures of the hand and wrist are
performed for a wide variety of pathologic condi-
tions. Acute fracture fixation and treatment of
fracture complications account for the majority of
surgical interventions. Other indications for sur-
gery include management of chronic arthropathy,
ligament or tendon injury, soft tissue and bone
tumours and infection.

1 Introduction

Orthopaedic procedures of the hand and wrist are
performed for a wide variety of pathologic conditions.
Acute fracture fixation and treatment of fracture
complications account for the majority of surgical
interventions. Other indications for surgery include
management of chronic arthropathy, ligament or
tendon injury, soft tissue and bone tumours and
infection.

It is important for the radiologist to understand the
primary aims of surgical treatment in order to accu-
rately assess the post-operative imaging to identify
potential complications. The aims of surgery include:
• Restoration of normal anatomy
• Pain management
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• Restoration of function
• Treatment of cosmetic disfigurement
• Prevention of secondary osteoarthritis (OA)

There are a large number of fixation devices and
prostheses available to the orthopaedic surgeon, and
radiologists should be familiar with the most com-
monly used devices. It is important to distinguish
between acceptable and unacceptable alignment of the
bony structures and metalware, and to recognise when
poorly positioned devices may lead to complications.
In soft tissue reconstruction, it is necessary to know
when normal structures have been utilised to achieve
the repair (e.g. tendon harvesting), in order to be able to
recognise the anatomy on cross-sectional imaging.

Common complications include non-union and
mal-union of fractures, poor operative correction of
bone and joint deformity and mal-positioned ortho-
paedic hardware. Non-union of joint arthrodesis,
implant failure and infection may also be encountered.

Radiographs are the primary imaging modality
used to supplement clinical examination in the post-
operative period. Cross-sectional imaging may be
required when complications arise. The choice of
image modality is guided by clinical findings, and
may depend on the presence of orthopaedic metal-
ware which limits the use of MRI in particular.

CT is excellent for documenting bony detail and is
useful for assessment of fracture healing and some
hardware complications. US is a useful alternative to
MRI for assessment of the soft tissues. Nuclear
medicine studies are rarely required, but white cell
scans may occasionally be useful for evaluation of
infected implants.

2 Fracture Fixation

2.1 Indications

Fixation of hand or wrist fractures is indicated when the
fracture fragments lie in an unacceptable position, or the
fracture pattern is unstable and redisplacement likely.

Fixation of a hand or wrist fracture would also be
considered in certain circumstances where the
patient’s personal circumstances or characteristics
would make such treatment more appropriate. These
relative indications include:
• Co-existent skeletal injuries where mobility will be

assisted by crutches or load bearing through the wrist

• Bilateral hand or wrist fractures
• Co-existent soft tissue injuries which require early

treatment, physiotherapy or rehabilitation out of
plaster cast

• Patient request (e.g. professional sportsman/woman)

2.2 Implant Choice

A variety of implants are used to stabilise fractures in
the hand and wrist. These are either applied to directly
stabilise the fracture fragments (Kirschner wires, or
internal fixation materials), or applied indirectly to
stabilise the fracture fragments from a distance
(external fixators).

2.2.1 Kirschner Wires
These are small, thin pins made of stainless steel or
titanium. They come in a variety of diameters, typi-
cally 1.0–1.6 mm in diameter. They have a sharp tip
at one end or both ends (‘‘double-ended’’). K-wires
with a threaded tip are designed for use as guide wires
for cannulated devices and should never be left
in situ, since removal is extremely difficult without
adequate anaesthesia.

When inserted, the K-wires should engage both
cortices to be mechanically effective. They cannot
compress fracture fragments, and will only maintain a
reduction achieved by other means. Most often, they
are inserted percutaneously after a closed reduction,
but may occasionally be used following open reduc-
tion. K-wires may need to cross joints to be
mechanically effective in some circumstances, and
this provides a potential route for spread of infection
(Fig. 1).

2.2.2 Internal Fixation Materials
Internal fixation may be achieved by the use of
compression screws, plate and screw devices or bone
anchors.

The best known screw, the Herbert screw, was
designed for use in the scaphoid. The pitch varies
along the length of the screw, so that differential
longitudinal movement occurs in the fracture frag-
ments at each end of the screw as it is tightened,
bringing the fragments closer together resulting in
fracture compression. The ‘Headless Compression
Screw’ (HCS), which provides significantly greater
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fracture compression and stability, has now largely
replaced the Herbert screw. It is sometimes possible
to fix fractures percutaneously by utilising cannulated
screws, which have a central channel through which a
thin guide wire can be inserted under image guidance
across the fracture allowing the screw to be intro-
duced over the temporary guide wire (Fig. 2).

Traditional ‘plate and screw’ implants for the hand
and wrist have undergone a revolution in design in
recent years. These changes have involved three
separate developments:
• Angular stability
• Anatomic implants
• Indirect reduction technique (in distal radius

fractures)
Anatomic implants such as the volar plate are

commonly used in distal radial fractures. Modified
contoured implants traditionally used by craniomax-
illofacial (CMF) surgeons in the maxilla, mandible

and facial bones have been adapted for use in the
small bones of the fingers.

Bone anchors are small metallic or absorbable
implants which are inserted into a small drill hole
made in bone. Pre-threaded with suture material, they
allow soft tissues to be reattached to the bone when
this interface has been disrupted by injury. The most
common use of these implants in the hand and wrist,
is in the treatment of ulnar collateral ligament (UCL)
injuries in the metacarpophalangeal (MCP) joint of
the thumb (skiers thumb).

2.2.3 External Fixation
This technique involves the application of two or
more threaded pins into the bone on each side of the
fracture. These pins are then connected by means of
an externally applied rigid bar, which may be radio-
lucent to help in assessment of radiographs. The pins
must engage the cortex on both surfaces to withstand
the forces attempting to redisplace the fracture.

When the distal fragment is large and not com-
minuted, two pins can be placed in the distal frag-
ment, so that the fixator does not cross the adjacent
joint (non-bridging fixator), and does not prevent joint
movement. However, if one fracture fragment is
small, and unable to securely hold two threaded pins,
the pins must be placed in a bone beyond the adjacent
joint.

2.3 Distal Radial Fractures

Traditionally, K-wires were used to treat extra-
articular and simple-articular fractures in the elderly,
although evidence has suggested that they may be
significantly less effective in maintaining reduction in
osteoporotic bone (Greatting and Bishop 1993). For
this reason, internal fixation is increasingly employed
in the elderly wrist fracture, although K-wires are still
utilised for unstable epiphyseal fractures in children
(Fig. 3). Radiographs are utilised to ensure K-wire
and fracture alignment is maintained until fracture
healing is achieved and the wires can be removed.

Implants placed on the dorsal surface of the distal
radius were commonly complicated by attrition rup-
ture of the extensor tendons, and are now less fre-
quently utilised.

Current implants are ‘anatomic’ and designed to fit
flush to the volar surface of the distal radius. The plate

Fig. 1 AP and lateral radiographs acquired a few weeks
following K-wire fixation of an open fracture of the distal
phalanx due to a dog bite. There is osteomyelitis of the distal
phalanx with marked lytic bony destruction. In addition, the
presence of the K-wire has allowed spread of infection across
the DIP joint into the middle phalanx, with diffuse osteopaenia
and periosteal reaction
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forces the distal fragments to re-align in a perfect
position with multiple sub-chondral angularly stable
screws (Fig. 4). This technique is known as ‘indirect
reduction’ and is widely used in all types of distal
radius fractures. It has the added advantage of

automatically correcting any malrotation of the distal
fragment. There are over 40 different designs of volar
locking plates for the distal radius currently available.

A variety of neurovascular, soft tissue and osseous
complications may arise as a result of volar plate

Fig. 3 PA and lateral radiographs (a) of a teenager with an
unstable Salter–Harris type II fracture. The PA and lateral
radiographs (b) acquired following K-wire fixation demonstrate

good fracture reduction. Each K-wire traverses two bony
cortices, ensuring mechanical stability

Fig. 2 Oblique PA
radiograph (a) demonstrating
an un-united waist of
scaphoid fracture at 6 weeks.
The fracture has been
stabilised by a cannulated
screw (b), and has now fully
united. Note that the pitch of
the screw is wider distally
than proximally. NB: the
screw is inserted distal to
proximal, so the tip of the
screw is in the proximal
scaphoid
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fixation (Berglund 2009). Flexor pollicis longus ten-
dinopathy and rupture may be associated with a dis-
tally mal-positioned volar plate and plate ‘lift-off’.
Fracture mal-reduction may also contribute to tendon
rupture. Extensor tendon ruptures may be seen with
overlong or mal-positioned screws (Fig. 5). Intra-
articular screw placement within the radio-carpal joint
may also be encountered, and pre-dispose to accel-
erated secondary OA change. Other complications
include carpal tunnel syndrome, complex regional
pain syndrome and delayed union (Arora et al. 2007).

Patients’ with pain or crepitus over the flexor or
extensor tendons may be assessed by US to identify
tendon impingement with the volar plate and exclude
tendinopathy, and tendon rupture. The relationship of
mal-placed screws to tendons can also be assessed.
Significant tendon disease may necessitate removal of
the volar plate once bony union is achieved.

External fixation is usually reserved for open or
excessively comminuted fractures, although this mode
of fixation is the preferential choice for some surgeons.
Pins are placed in the radial shaft and the shaft of the
index (second) metacarpal. The pins must engage the
cortex on both surfaces to withstand the forces
attempting to redisplace the fracture, and it is important
to obtain consistent positioning of serial post-operative
radiographs to ensure there is no metalware failure, and
the pins remain fixed in the bone cortices.

2.4 Scaphoid Fractures

Internal fixation is indicated in the treatment of dis-
placed waist of scaphoid fractures and undisplaced
proximal pole scaphoid fractures. It is most frequently
employed in the treatment of non-union of scaphoid

Fig. 4 Lateral radiograph (a) of a displaced volar shearing,
comminuted and intra-articular fracture of the distal radius. PA
and lateral radiographs (b) acquired following volar plate
fixation demonstrate good restoration of anatomical alignment,
with the articular fragments maintained by the sub-chondral
screws. The screws in the proximal plate do not engage the

dorsal cortex of the distal radial metaphysis, consequently they
do not protrude into the soft tissues, but the resulting lack of
bicortical fixation may be prone to early redisplacement. Note
also the minimally displaced fracture at the base of the ulnar
styloid
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fractures in order to improve the chances of bony
union. Cannulated screws are most commonly used
and stabilise both the fracture fragments and inter-
posed bone graft.

Grafting and fixation of scaphoid non-union is not
indicated if there is established OA, and other salvage
procedures such as denervation, proximal row car-
pectomy or wrist arthrodesis may be required. Radio-
graphs are notoriously inaccurate in demonstrating
avascular necrosis of the proximal pole (Downing et al.
2002). Pre-operative MR imaging is more accurate in
assessing the vascularity of the proximal fragment.

Fracture non-union and hardware failure occurs in
up to 8% of patients undergoing dorsal percutaneous
cannulated screw fixation of undisplaced scaphoid
fractures (Bushnell et al. 2007). Fracture healing on
serial radiographs is normally expected by 12 weeks

post-fixation, and a persistent fracture line indicates
delayed or non-union. Persistent non-union is more
frequent in patients undergoing fixation of chronic
non-union, even with bone grafting, and occurs in up to
one-third of cases (Megerle et al. 2008). If radiographs
are equivocal, CT is a reliable method of evaluating the
status of fracture healing (Fig. 6). Progressive lucency
around the screw is indicative of screw loosening.
Avascular necrosis of the proximal pole segment is
manifest by sclerosis, sub-chondral flattening and
fragmentation. Screw fracture is rarely encountered.

2.5 Hamate Fractures

The treatment for non-displaced hamate fractures is
usually conservative. However, the majority of dis-
placed fractures are treated by either fixation with
pins or screws (Fig. 7), or by excision of the frag-
ment (Walsh and Bishop 2000) if a symptomatic
non-union of the hook of the hamate is present. Non-
union is common in displaced fractures managed
non-operatively, although long-term outcome may be
no worse than those treated operatively (Scheufler
et al. 2005). Compression screw fixation generally
achieves better fracture stability than fixation with
Kirschner wires, although this does not necessarily
correlate with outcome scores (Wharton et al. 2010).

Fig. 5 PA and lateral radiographs (a) of a distal radial fracture
fixated with a volar plate. The plate is positioned too far
distally, and is not aligned with the centre of the shaft of the
distal radius. One of the radial styloid screws is extra-osseous
(white arrows). An oblique transverse US image (b) shows the
screw (white arrow) extending into the extensor group I
tendons (broken white arrows)

Fig. 6 PA radiograph (a) of a fractured scaphoid stabilised by
a cannulated compression screw. It is difficult to assess fracture
union on this examination, although there is clear evidence of
lysis around the screw, suggesting loosening due to non-union.
Sagittal oblique CT (b) confirms the presence of fracture non-
union. In addition the proximal end of the screw impinges
within the scapho-trapezial joint
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CT imaging of hamate fractures is utilised to detect
occult fractures (Welling et al. 2008), to aid surgical
planning of complex fractures, or to diagnose fracture
non-union. Serial radiographs are required post-
operatively to assess progression of bony union and
exclude hardware failure. The PA and oblique views
may be supplemented with a lateral view in cases with
associated carpo-metacarpal dislocation, to assess
adequacy of reduction. CT is rarely required in the
post-operative period but may be helpful where bony
union is equivocal.

2.6 Other Carpal Bones

Carpal fractures at other sites occur much less fre-
quently. The peculiar anatomy of each carpal bone
(irregular shape and significant surface area coverage
by articular cartilage) does not lend itself to an easy
solution when designing an internal fixation implant.
However, the usually dense cancellous bone in this
region, allows intraosseous devices to be designed,
which will stabilise each carpal bone fracture
appropriately.

When carpal bones dislocate, they are usually held
in a reduced position by multiple K-wires inserted
percutaneously. These are an excellent implant choice
because compression is not required between bones as
the ligaments heal. K-wires used for these indications
will normally remain in place for approximately
8 weeks.

2.7 Metacarpal and Phalangeal
Fractures

K-wires remain popular in the management of meta-
carpal fractures because of the high cortex:cancellous
ratio of these bones. A combination of PA, oblique
and true lateral post-operative radiographs, dependant
on fracture location, may be required to assess frac-
ture alignment. Good fracture reduction is especially
important for intra-articular fractures to maintain
function and prevent long-term secondary OA.

Internal fixation using plates and screws is indicated
in unstable, irreducible and open fractures. They are
employed in cases where early skeletal stabilisation
will facilitate earlier movement and rehabilitation.

Fig. 7 Oblique PA and lateral radiographs (a) of a displaced
dorsal hamate fracture associated with dislocation of the fourth
and fifth metacarpal bases. The post-operative PA and lateral
radiographs (b) demonstrate good anatomical alignment of the

fracture fragment maintained by three cortical screws. The
metacarpal dislocation has been reduced, and the K-wire
transfixing from third to fifth metacarpals helps maintain
stability during ligamentous healing
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Scaled down versions of standard long bone
implants are too bulky for the confined areas adjacent
to the bones of the hand, and often cause adhesion of
the soft tissues in contact with the implant, requiring
plate removal and division of peritendinous adhesions
(tenolysis), as a second surgical procedure in up to
75% of cases (Buchler and Fischer 1987). Hand
fracture implants now closely match the original CMF
implants rather than orthopaedic implants. A whole
new generation of anatomic implants for use in cer-
tain pre-defined areas of the hand has evolved
(Fig. 8), such that external fixators are now rarely
used in the hand (Fig. 9).

Radiographs are evaluated for fracture or dis-
placement of either the plate or screws.

3 Prosthetic Joint Replacement

3.1 Indications

Joint prostheses are rarely indicated in the manage-
ment of hand and wrist conditions. Finger joints
require flexibility and mobility to be useful. Implants
can rarely provide this since the surgical approach

itself will result in stiffness. The function of the wrist
joint demands both stability and flexibility, both of which
are difficult to create and match in a prosthetic joint.

The commonest indication for arthroplasty in the
hand and wrist is rheumatoid arthritis. Prosthetic joint
replacement is indicated when an individual’s per-
sonal needs or lifestyle are such that arthrodesis
would be unsuitable. In some instances, this may be
unilateral, with an arthrodesis preferred in the oppo-
site wrist to provide maximum stability and strength.

Osteoarthritis is more common than rheumatoid
arthritis, but OA patients have very different demands
of hand and wrist function, and prosthetic replace-
ment is usually unsuitable because of their greater
functional needs. Prosthetic replacement may be
considered for secondary OA of a single interpha-
langeal joint, when the remaining interphalangeal
joints are unlikely to develop similar changes, but
their function can be significantly downgraded by the
arthritic changes present in the affected joint.

3.2 Implant Choice

3.2.1 Wrist
There are a number of different implants available,
although none have proved overwhelmingly success-
ful. Most have two parts, one for each side of the wrist
‘joint’. They are made of metal, although a high
density plastic insert is situated between the compo-
nents in most implants.

Prostheses can either be described as ‘constrained’
or ‘unconstrained’, depending on the design charac-
teristics and the relative freedom of movement
between the components, or as ‘cemented’ or ‘unce-
mented’. Newer designs try to mimic the natural
movements of the wrist and carpal bones/ligaments.

Serial radiographs should be assessed for prosthesis
alignment and migration, and bony osteolysis
(Fig. 10). Early designs were subject to distal com-
ponent loosening, although this is less frequently
encountered with newer implants. Proximal subsi-
dence may be identified but is often non-progressive and
asymptomatic (Adams 2004). However, outcome mea-
sures for wrist arthroplasty are comparable or slightly
worse than wrist fusion (Cavaliere and Chung 2008),
and surgical options need to be carefully assessed.

Prosthetic surgery in the distal radioulnar joint
(DRUJ) is more frequently indicated than in the

Fig. 8 Oblique radiograph (a) of an angulated, transverse
fracture of the proximal phalanx of the middle finger. The PA
and lateral radiographs (b) demonstrates anatomical fracture
reduction and fixation with a CMF type implant. Note that the
screws transfix the opposite cortex. The limited thickness and
small size of the implant, combined with the lateral placement
of the plate, suggest that this fixation is at significant risk of
early redisplacement and failure. Larger implants situated on
the dorsal surface of the bone (to resist the force of the flexor
tendon) have a greater chance of success
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radiocarpal joint (Kopylov and Tagil 2007). This type
of surgery is most frequently performed to stabilise
the unstable distal ulnar stump after excision
(Darrach’s procedure). Prosthetic surgery is also
indicated in degenerative disease of the DRUJ and
after unreconstructible fracture of the ulnar head.
Prostheses either replace the distal ulna alone (distal
ulnar prosthesis) (Fig. 11), or both the distal ulna and
sigmoid notch of the distal radius (DRUJ prosthesis).
They are usually uncemented.

3.2.2 Hand
Interphalangeal or metacarpophalangeal replacements
are either made of:
• Silicon
• Metal and plastic
• Pyrocarbon

Silicon implants are commonly used for multiple
MCP joint replacements in rheumatoid arthritis.
Long-term outcomes for silicone implants are good
with 63% survivorship at 17-year follow up (Trail
et al. 2004), and have better outcomes than non-
surgical groups (Chung et al. 2009). Metal and plastic

implants mimic other large joint prostheses in other
areas of the body but are almost always inserted
without the use of cement. Pyrocarbon implants are
radiopaque and are always inserted cementless.

Post-operative radiographs are assessed for the
position of each implant, and joint alignment. At
long-term follow up, loosening, bony osteolysis and
prosthetic deformity and fracture may occur (Fig. 12).
Fracture of silicone prostheses eventually occurs in up
to two-thirds of cases, although clinical outcomes
may not be adversely affected (Trail et al. 2004).
Amyloid- and silicone-induced synovitis is a well
documented complication of silicone implants and is
also referred to as giant cell arthritis. Patients present
with pain and swelling localised to the affected joint.
Onset of symptoms can vary from 6 months to
9 years. Radiographs may show nodular soft tissue
swelling, well defined sub-chondral lytic defects and
erosions. The bony changes evolve over time and
must be distinguished from pre-existing arthropathy
which necessitates review of previous radiographs.
MRI demonstrates effusions with peri-articular low
signal intensity silicone particles and fibrosis in

Fig. 9 Lateral radiograph (a) of a longitudinal, coronal plane
fracture of the base of the middle phalanx, with separation and
depression of the intra-articular fragments. The fracture has
been stabilised with an external fixator (b), although fracture
reduction is difficult to assess on the lateral view due to the

presence of the fixator. The PA view demonstrates persistent
displacement of an articular fragment on the ulnar side of the
base of the phalanx. Following removal of the fixator, the
lateral radiograph (c) demonstrates incomplete fracture reduc-
tion and incomplete bony union
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addition to prosthetic deformity and fracture. The sub-
chondral lucencies are lower signal intensity on T2W
images than typical sub-chondral cysts (Chan et al.
1998). However, most diagnoses can be made on
conventional radiographs.

4 Arthrodesis

4.1 Indications

Arthrodesis (surgical fusion) is performed to stabilise
a joint by permanently removing its movement in
order to remove pain or improve the position of a stiff

joint. Surgical removal of the remaining cortical bone
is performed on each side of the joint, so that a
healthy, vascular bed of cancellous bone is exposed.
Opposing cancellous surfaces are brought together
and an implant is used to stabilise them whilst osseous
healing occurs. Following successful fusion, the
implant may be removed in a second surgical proce-
dure if there are soft tissue complications.

Arthrodesis of the wrist may be total or partial.
A total wrist arthrodesis involves the radiolunate, ra-
dioscaphoid, scapholunate, scaphocapitate and
capitolunate joints. The third CMC joint is not always
surgically prepared for fusion, but is often left untou-
ched with the intention of removing the stabilising

Fig. 10 PA radiograph (a) of a ‘Re-Motion’ wrist prosthesis,
in a patient with severe rheumatoid arthritis. The prosthesis is
angulated and there is reasonable bone density around the
wrist. Although there is no subsidence or change in position of
the prosthesis, a follow up radiograph (b) acquired 3 years

later, demonstrates progressive bony lysis around both prox-
imal and distal components, due to either infection or sterile
loosening caused by repetitive loading on the radial border of
the prosthesis secondary to malposition
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implant at a later date once fusion is sound. This pre-
serves an important movement in the hand, allowing
‘cupping’ of the fingers and improved dexterity.

A ‘partial’ wrist arthrodesis is otherwise known as
‘intercarpal arthrodesis’. Adjacent carpal bones are
arthrodesed to produce a specific anatomical fusion
depending on the primary condition (rheumatoid
arthritis, OA or carpal instability). Radiolunate
arthrodesis is indicated in rheumatoid arthritis to pre-
vent ulnar drift of the hand from the radius. Scap-
hotrapeziotrapezoid joint arthrodesis is indicated
for OA, and when preservation of carpal height is
required.

OA of the first CMC joint is very common and a
wide range of surgical options are available including
arthrodesis. In the hand, the most commonly fused
joint is the MCP joint of the thumb. Instability and
pain may produce loss of power and precision grip.
The terminal joints of the thumb and the fingers are
usually fused for patients with OA to restore the

effective length of the digit, and improve stability,
pain, dexterity and fine movements.

4.2 Implant Choice

4.2.1 Wrist

4.2.1.1Total Wrist Arthrodesis

Total wrist arthrodesis can be difficult to achieve in
patients with OA, and requires specifically designed
implants which are strong, but which do not cause
irritation of the overlying gliding tendons. These
implants come with two different pre-set angles, so
that the wrist is arthrodesed in either 20� of extension
(commonly utilised) (Fig. 13) or in neutral flexion/
extension. One of each type may be used in bilateral
arthrodesis to give different abilities with each wrist.
The newer versions of these implants include locking
screw options to provide angular stability when used
in osteoporotic bone.

Rheumatoid patients often have a thin dermis and a
potential for poor wound healing. Successful bony
fusion can be achieved by the use of an intramedul-
lary stainless steel pin (usually of 3 or 4 mm diame-
ter), without the risks of a substantial metal implant.
This is introduced through the head of the middle
metacarpal (or occasionally in the second intermeta-
carpal space) and passed across the carpus and into
the medullary canal of the radius (Fig. 14). No rota-
tional stability is provided by this implant, but healing
is usually so rapid that this is not a functional
problem.

4.2.1.2Partial Wrist Arthrodesis

Four corner fusion of the lunate, triquetrum, hamate
and capitate using a circular plate device was intro-
duced in 1999. It is usually performed in combination
with total excision of the scaphoid, as a salvage
procedure for scapholunate advanced collapse
(SLAC), and scaphoid non-union advanced collapse
(SNAC), and has largely replaced traditional fusion
procedures using wires, staples and compression
screws (Fig. 15). Scaphoidectomy alone would result
in inevitable carpal collapse, and a ‘four corner
arthrodesis’ prevents this complication.

Early studies demonstrated higher complications
rates than with conventional methods of fusion.
Radiographic non-union (26%) and dorsal hardware

Fig. 11 PA radiograph of an uncemented distal ulnar pros-
thesis inserted to treat instability of the distal ulnar stump after
excision of the ulnar head (Darrach’s procedure)
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impingement (22%) are most frequently encountered
(Vance et al. 2005). Other complications include
implant breakage or back-out, and carpal tunnel
syndrome (Bedford and Yang 2010). However, a
recent study has shown a much higher rate of radio-
graphic union, achieved over a mean follow up period
of 22 months, with very few other complications
observed (Bedford and Yang 2010).

Serial radiographs are used to assess the progress
of bony union and identify hardware failure. Cross-
sectional imaging is rarely required, but US may have
a role when dorsal impingement or protruding screw
tips through the carpal tunnel floor are suspected
clinically.

4.2.2 Hand
Arthrodesis of the first CMC joint with screw and plate
fixation may be complicated by plate failure and non-
union (Fig. 16). However, there is no evidence that other
surgical options such as trapeziectomy and ligament
reconstruction offer any significant advantage (Wajon
et al. 2009). Complications include tendon adhesion or
rupture and complex regional pain syndrome (type I).
These occur in up to 10–22% of patients.

Crossed K-wires or small intraosseous screws
(such as mini-Herbert screws or HCSs) are used to
arthrodesis finger joints (Fig. 17). If the finger joint is
larger in cross-sectional area, a dorsal tension band
wiring system may be used which gives the advantage
of allowing early movement. The tension band wiring
system consists of two parallel K-wires crossing the
fusion site obliquely, with a dorsal ‘figure-of-8’ wire
loop (Fig. 18).

Screw fixation results in bony fusion in 85–100%
over 7–10 weeks (Leibovic 2007). Complications
include screw migration, breakage and infection
(Fig. 19). K-wire fixation allows fusion in 5–10% of
flexion which improves dexterity, but is associated with
higher rates of non-union and other complications.

5 Osteotomy

5.1 Indications

Osteotomy is indicated when the shape of a bone
requires modification. In the wrist, this is most com-
monly required for fracture malunion of the distal

Fig. 12 PA radiograph (a) of a patient with severe interpa-
langeal (IP) joint erosive OA with joint deformity and
subluxation. The post-operative radiograph (b) illustrates the
silastic implants from the second to fourth PIP joints, with
restoration of normal joint alignment. There has also been an
arthrodesis of the DIP joint of the index finger. A follow up film

(c) 2 years later (after removal of the arthrodesis screw) shows
early deformation of the implants, with early bony resorption of
the cut ends of the proximal phalanges. There is recurrent ulnar
drift particularly affecting the middle finger. There is no
fracture of the implants, and no soft tissue swelling
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radius, usually for an extra-articular deformity, but
occasionally for more complex intra-articular defor-
mity. The relative shortening of the radius caused by
fracture is usually a 3D deformity which requires
radial osteotomy and bone grafting to correct it.
However, in unusual circumstances, if the radial
deformity is simply one of shortening, an ulnar
shortening osteotomy alone will realign the DRUJ
surfaces (Fig. 20).

Osteotomy is also sometimes indicated for mal-
union of the scaphoid, when the classical ‘hump back’
deformity of a flexed scaphoid has resulted in sec-
ondary carpal instability, or in finger fractures which

have healed with rotation. This produces a significant
functional problem as the fingers ‘cross over’ each
other as they bend into a fist.

Other indications for osteotomy relate to altering
the pattern of load transfer across the joint. This used
to be frequently performed for early OA, but is now
reserved for conditions such as Kienbocks disease
(where the radius is usually shortened at the meta-
physeal level), and ulnar abutment (where the distal
ulnar shaft is shortened to reduce the force across the
degenerate or damaged TFCC).

5.2 Implants

Standard internal fixation implants are used for sta-
bilisation of osteotomies around the wrist. For the
distal radius, these are usually angularly stable
implants, because indirect reduction techniques are
used to correct the misshaped bone (Fig. 21).

Increasingly, surgeons are using ‘anatomic’
implants (shaped like the bone they are trying to
correct) in radial osteotomy. These are usually
applied on the volar surface of the distal radius. This
did present problems in placing a large piece of cor-
tico-cancellous bone graft into the defect when the
‘natural’ access for the graft was from the larger gap

Fig. 13 Lateral radiograph of total wrist arthrodesis using a
wrist fusion plate. The arthrodesis has been performed with the
wrist in slight extension to allow improved power grip

Fig. 14 Wrist arthrodesis in
a rheumatoid patient achieved
using a single longitudinal
Steinman pin
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on the dorsal bone surface. However, the significant
mechanical strength and stability provided by modern
locking plates allows morselised cancellous bone or

bone substitute to be packed into the defect through a
small aperture.

Radial and ulnar osteotomies are generally very
successful procedures. Complications are usually
technique-related such as incomplete correction of
deformity, implant-related issues (incorrect screw
length, malposition of the implant) or delayed/non-
union of the osteotomy. Similar complications exist in
osteotomy of the scaphoid and fingers, but non-union
is a more significant risk in scaphoid osteotomy than
wrist or finger osteotomy.

6 Curettage and Bone Graft

6.1 Indications

Bone cysts are not uncommon in the phalanges, but
are rare in the wrist. Occasionally, benign bone cysts
and tumours, such as enchondromata, will require
curettage and bone grafting.

Bone grafting is used more frequently to promote
healing in conditions such as scaphoid non-union or
after radial osteotomy.

Fig. 15 Coronal and sagittal CT images (a) of a patient with a
SNAC wrist. There is scaphoid non-union, scapholunate
diastasis, DISI deformity and carpal collapse with secondary
OA in the mid-carpal joint. There is also an un-united fracture
of the radial styloid. A PA radiograph of the hand (b) shows the

post-operative appearances following scaphoidectomy and a
four corner fusion. The screws are well-sited in the capitate,
hamate, lunate and triquetrum. However, there is residual
dorsal angulation of the lunate with minor volar subluxation
due to insufficient seating of the plate

Fig. 16 Lateral radiograph of
the thumb following
arthrodesis of the first CMC
joint with a mini fragment
screw and plate fixation. The
plate has fractured due to non-
union of the arthrodesis with
recurrent subluxation of the
CMC joint
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6.2 Implant Choice

A structural bone graft is important in certain cir-
cumstances, and this will usually be harvested from
the iliac crest (non-vascularised) or the distal radius
on a vascular pedicle (vascularised). If the area to be
grafted is stabilised by an appropriate strong implant
(such as in corrective osteotomy for distal radius
malunion), cancellous autograft or, increasingly,
bone substitute will be indicated. Cancellous auto-
graft can be harvested from the ipsilateral distal
radius or the olecranon. Bone substitutes are either
osteogenic (such as those containing bone morpho-
genic proteins (BMP) or hydroxyapatite) or inert
stimulators of new bone growth (such as calcium
sulfate). The former are more likely to be radio-
logically visible for months or even years after
implantation, whilst the latter are usually only
visible radiologically for a few weeks.

Radiographs are usually sufficient for follow up
evaluation. MRI is indicated in cases where tumour
recurrence is suspected (Fig. 22). The increasing use
of bone substitutes has developed in response to the
complications associated with harvesting of bone
graft—particularly from the iliac crest. Haematoma,
meralgia paraesthetica (injury to the lateral cutaneous
nerve of the thigh) and scar tenderness may be
encountered.

7 Tendon Repair

7.1 Indications

Tendon repair is indicated after traumatic division,
attrition rupture or avulsion of the tendon insertion.

7.2 Implant Choice

No implants are used in primary tendon repair, which is
achieved by intratendinous suturing of the tendon ends
using non-absorbable suture material. Secondary
reconstruction is performed when primary repair is not
possible due to delayed presentation, infection, poor
skin cover or other associated injuries. This usually
involves two separate surgical procedures. The first
stage is a re-creation of the tunnel for the tendon graft,
which is necessary because of scarring and adhesions
within the tendon sheath. It is achieved by the ana-
tomical placement of a silastic rod (usually 2 mm

Fig. 18 PA and lateral radiographs of a first MCP arthrodesis
performed for an unstable joint with secondary OA. The joint
has been stabilised with K-wire and dorsal tension band wiring.
Sound bony union has been achieved with the joint in flexion,
although ideally the wires should penetrate the palmar cortex

Fig. 17 Lateral radiograph
showing satisfactory
alignment of an IP joint
arthrodesis with a
compression screw. The joint
is fixed in approximately 45�
of flexion to help preserve
function
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Fig. 19 Two examples of screw complications. In a PIP joint
arthrodesis (a), the screw is placed too close to the dorsum of
the cortex in the proximal phalanx, leading to loosening and
bony lysis around the screw with non-union of the arthrodesis
and recurrent joint malalignment. In the DIP joint arthrodesis

(b), the screw is not sufficiently engaged within the middle
phalanx. This arthrodesis will almost certainly fail, so a repeat
arthrodesis was performed (c) which showed good screw
alignment, but with some lysis around the screw indicating
early loosening

Fig. 20 PA radiograph (a)
demonstrating uniplanar radial
malunion with resultant length
discrepancy between the radius
and ulna, and abutment of
the distal ulna onto the lunate
and triquetrum. The post-
operative radiograph (b) fol-
lowing shortening osteotomy
of the ulna using a compression
plate shows restoration of
radioulnar alignment
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diameter) along the whole length of the tendon sheath,
around which a smooth lining forms over a number of
months. It is replaced (in a second operation) with a
tendon graft, which can now glide smoothly. This
technique is most frequently performed on the flexor
surface, but can also be used in extensor tendon defects.

Adhesion formation within the tendon sheath is
common following tendon repair. Other complica-
tions include tendon re-rupture, pulley failure (or
failure to recognise pulley injury at the time of
repair), joint contracture and triggering (Lilly and
Messer 2006). Breakdown of the repair requires fur-
ther surgical repair, but clinical differentiation from
adhesion formation may be difficult.

US can reliably assess the tendon repair, although
access may be limited by finger flexion. Small headed
‘hockeystick’ probes allow improved visualisation.
The repaired tendon is thickened and hyopechoic, and
is surrounded by low reflective granulation tissue.
Suture material is echogenic. Dynamic US evaluation
of the tendon during gentle passive and active flexion/
extension demonstrates paradoxical movement of the
tendon ends when there is breakdown at the repair
site.

8 Ligament Repair

8.1 Indications

Intrinsic ligament repair of the wrist is usually
restricted to the ligaments of the proximal carpal row
(the scapholunate and lunotriquetral ligaments). Sur-
gical repair can be performed in the acute situation
(usually within 3–4 weeks of injury) when the proce-
dure is a true ‘repair’. A high index of suspicion is
essential to make an early diagnosis. Late presentation
is more common and requires reconstruction rather
than repair because of the irreversible shrinkage that
occurs in the torn ligament surfaces over time.

Ligament injury secondary to joint dislocation is
common in the thumb and fingers, although surgical
repair is rarely necessary. Radiological monitoring of
joint congruity will be necessary for 3–4 weeks after
injury. Tears of the UCL of the thumb are caused by
forced hyperextension and abduction. The ligament
may either be partially or totally ruptured. Displaced
UCL tears with the ligament remnant overlying the
adductor aponeurosis (Stener lesion) will not heal and

Fig. 21 PA and lateral radiographs (a) of a young adult with
malunion of a distal radial fracture with residual dorsal
angulation. There is also non-union of the ulnar styloid, and
the DRUJ was clinically unstable. The post-operative

radiographs (b) demonstrate bony union across the radial
osteotomy which has been maintained in anatomic alignment
with a volar plate. The ulnar styloid fracture has been stabilised
with a compression screw to attempt to stabillise the DRUJ
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requires surgical repair or reattachment using a bone
anchor.

8.2 Implant Choice

8.2.1 Wrist
Acute intrinsic ligament repairs must be stabilised
until healing has occurred. This is either performed
with multiple K-wires between the adjacent carpal
bones, or with a small intraosseous screw, placed so
as to hold the two adjacent bones tightly together. In
both situations, the implants are always removed.

Reconstruction of an intrinsic ligament requires
the same post-operative internal stabilisation as acute
repair. Reconstruction of the scapholunate ligament
is achieved by the use of a tendon graft, most usu-
ally from the flexor carpi radialis (FCR), passed
through a substantial hole made in the scaphoid (up
to 3 mm in diameter), and anchored to the lunate
with a small bone anchor. This is termed as a
Brunelli procedure, although other modifications are
described (Brunelli and Brunelli 1995; Van Den
Abbeele et al. 1998) (Fig. 23). The majority of
patients experience improvement in pain and grip
strength, although there is no long-term evidence to

confirm that this will reduce the risk of development
of OA.

A similar ligament reconstruction using tendon grafts
is occasionally undertaken for instability of the first
CMC joint of the thumb (Fig. 24). The procedure was
described by Eaton and Littler using the FCR tendon,
although other tendon grafts can be used (Brunelli et al.
1989; Eaton and Littler 1973). Long-term follow up has
demonstrated good outcomes in the majority of patients,
with prevention of secondary OA in those patients
without pre-existing arthropathy (Eaton et al. 1984).

Post-operative radiographs demonstrate the location
of drill holes and bone anchors, and the alteration in
radiological measurements of instability. The radio-
graphic appearances of scapholunate diastasis may
persist post-operatively. Failure of reconstruction may
be indicated by anchor migration. MRI can visualise
the ligament reconstruction, but integrity throughout
the whole of the tendon graft may be difficult due to
magic angle effects. Interpretation of MRI will depend
on knowledge of the exact procedure.

8.2.2 Hand
Stabilisation of an unstable finger dislocation is per-
formed with a trans-articular K-wire, usually left in
situ for 3 weeks.

Fig. 22 PA radiograph (a) of a benign enchondroma within
the proximal phalanx. The lesion has been treated by curettage
and non-vascularised bone graft (b). However, several years
later the patient represented with recurrent swelling and pain,
and repeat radiograph (c) shows resorption of the bone graft

material with internal lucency, cortical breakthrough and
periosteal reaction. The coronal and sagittal T2FS MRI images
(d) show high SI cartilage matrix. The appearances are strongly
suggestive of chondrosarcoma transformation, which was
confirmed following ray amputation
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Fig. 23 PA radiograph (a) acquired following a Brunelli
procedure for reconstruction of the scapholunate ligament. The
tunnel within the scaphoid is clearly evident, and there is
persistent scaholunate diastasis. The coronal (b), sagittal
(c) and axial (d) T1W MR images also clearly show the
scaphoid tunnel and ligament graft as low-signal intensity

(black arrows). There is susceptibility artefact from the
resorbable bone anchor in the dorsal aspect of the lunate
(broken arrow). The graft appears intact. However, there is
early articular cartilage loss on the proximal scaphoid (white
arrow), which was not present on the pre-operative imaging,
and there is residual dorsal tilt of the lunate
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Reattachment of an avulsion of the UCL of the
thumb is usually performed with a small bone anchor.
US may be utilised to identify failed ligament
reconstruction. The ligament will be thickened and
hypoechoic, and dynamic evaluation with radial stress
helps identify abnormal joint widening. Adhesions
between the repaired UCL and the adductor aponeu-
rosis may cause pain and limitation of movement of
the aponeurosis, which may be seen on US during
flexion and extension of the MCP joint. Treatment is
with physiotherapy.

Avulsion of the palmar (volar) plate is a common
injury caused by hyperextension of, usually, the prox-
imal interphalangeal joint. A small fleck of avulsed
bone can often be seen adjacent to the palmar surface of
the middle phalangeal base, or more subtle changes of
erosion or blunting of the edge of the middle phalanx
may also be noted. Avulsion of a fragment of bone
which comprises more than one-third of the total
articular surface will lead to inevitable instability of the
joint and must be very carefully monitored. Subtle
radiological evidence of dorsal subluxation of the
affected joint must be sought in the first few weeks after
injury, or in cases where functional recovery is delayed.
If persistent subluxation or frank instability of the joint
is identified, surgical reattachment of the volar plate to
the base of the middle phalanx is indicated.

9 TFCC Repair

9.1 Indications

The triangular fibrocartilage complex (TFCC) stabi-
lises the ulnar side of the wrist and the DRUJ. It is
often injured during a fall onto the outstretched hand,
and is associated with distal radius fractures. Injury to
the ulnar styloid can be associated with a TFCC
tear—especially if the ulnar styloid is fractured at its
base. Repair of the TFCC is indicated if there is
instability of the ulnocarpal joint or the DRUJ.

It is important to stress that not all abnormalities of
the TFCC are true tears secondary to physical injury.
Defects are commonly seen in the TFCC as either a
congenital finding or a degenerative feature and the
term ‘TFCC tear’ should be used with discretion, as
this implies a traumatic aetiology. It may be prudent
to describe these findings as ‘TFCC defects’—where
their aetiology is uncertain or yet to be determined.

9.2 Implant Choice

Repair is either performed through an open approach
or arthroscopically. Whichever method is chosen, a

Fig. 24 PA radiograph (a) of
a patient following
trapeziectomy and arthrodesis
of the scaphotrapezoid joint,
and ligament reconstruction
of the first CMC joint
performed to treat pain and
instability secondary to OA.
The osseous tunnel, created
for ligament reconstruction, is
seen in the base of the first
MC which remains subluxed.
The screw has an area of lysis
around it, suggesting
loosening and persistent non-
union. A coronal oblique CT
image (b) confirms non-union
of the arthrodesis and
demonstrates the osseous
tunnel within the first MC
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series of strong nylon sutures are passed through the
cartilage disc to secure it to the external joint capsule.
If the TFCC is irreparable, then a DRUJ ligament
reconstruction may be indicated. The Adams proce-
dure utilises a palmaris longus tendon graft to stabi-
lise the DRUJ with drill holes placed through the
distal radius and ulna (Adams and Berger 2002)
(Fig. 25). Instability of the DRUJ in the presence of

skeletal deformity, should first be addressed by cor-
rection of the skeletal deformity, which may be suf-
ficient to restore complete stability (Lawler and
Adams 2007). Recovery of strength and motion after
repair, is seen in 85% of patients with chronic DRUJ
instability (Adams and Lawler 2007).

If symptoms persist following TFCC repair, imaging
may be required to exclude other causes of ulnar sided
wrist pain, including ECU tendonitis or tendon sub-
luxation, ulnar impaction, pisotriqutral chondromalacia
or OA, and secondary OA of the DRUJ. In recurrent
injury repeat MR arthrography may be required.
Complications of DRUJ stabilisation include recurrent
pain and instability. Radiographs document the location
of the drill holes and the alignment of the DRUJ.

10 Conclusions

Radiological interpretation of the post-operative hand
and wrist requires a thorough knowledge of the
objectives of treatment in order to distinguish
between acceptable findings and genuine complica-
tions on post-operative radiographs. Radiologists
should be aware when cross-sectional imaging is
indicated to provide diagnostic information that can
help determine management protocols.

The range of orthopaedic implants and techniques
of soft tissue reconstruction continue to evolve, and it
is important to engage with the hand surgeon to be
conversant with new techniques and procedures that
are introduced in order to be able to correctly interpret
radiological investigations.
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