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Introduction

Arthrography has been a very useful technique in joint
imaging for the past decades, but part of it has now
been gradually replaced by MRI. There are still some
strong indications for arthrography with or without a
combination of multidirectional tomography or CT.
Also, combinations of arthrography and an anaesthetic
test by mixing the contrast medium with an anesthetic,
e.g. in the wrist joint, is a useful technique. Sometimes,
arthrography is only used for pain testing, e.g. in the
subtalar joint in order to have an objective test when
surgery is considered.

Methods of CT arthrography
General methods

For optimizing joint imaging by use of an iodinated con-
trast medium with or without the combination of air
(double contrast), one should use a contrast medium
which, in joints, is proven to be superior to others. That
is generally a dimer [1-2] which showed a slower pene-
tration in the cartilage (imbibition) and hence less quick
blurring of the cartilage contours.
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In case of a prolonged need of a contrast medium,
such as in arthrotomography or CT arthrography, one
should add some epinephrine (0.2-0.3 cc epinephrine
1:1000) to the contrast medium [3]. The CT arthrogra-
phy can be performed by means of double contrast as
in the shoulder or in the other joints for diagnosing free
bodies and/or cartilaginous damage by means of single
contrast with air.

Shoulder

The indication for shoulder arthrography with regard to
a rotator-cuff rupture has now been taken over by MRI
or US. Use of CT arthrography of the shoulder, on the
other hand, is still superior to MRI for demonstrating la-
bral and ligament tears especially when there is no fluid
in the joint.

The CT arthrography of the shoulder can best be per-
formed by injection of 1 cc contrast medium mixed with
0.2 cc epinephrine 1:1000 and 14 cc air together in one
syringe with an extension tube, first injecting the liquid
by vertically positioning the syringe and then the air.
The patient is best positioned supine with the arm in
exorotation. The needle should be directed to the me-
dial lower quadrant of the humeral head and somewhat
to the joint-sided border of the head; in this way one
can avoid the labrum. By meeting the cartilage of the
head, the needle is adjusted in the joint. The extension
tube should be used to avoid exposure of the hands dur-
ing injection. When the contrast medium flows quickly
away from the needle tip, the position of the needle is
correct; if not, one should rotate the needle somewhat
and try again; if still not successful, some medial reposi-
tioning is necessary. After filling the joint and taking
some plain film, the CT examination can be performed.

The best positioning of the patient is supine and ro-
tated somewhat on the affected side, with the arm of
the not-affected side along the head (to avoid too many
structures to penetrate, which would deteriorate the im-
age). The arm is positioned in endorotation to expand
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Fig.1a, b. Shoulder CT arthrography. a Arm in endorotation and
patient semisupine. Air and contrast at the ventral side. Delinea-
tion of ventral labrum (arrow), and in this patient, the medial gle-
nohumeral ligament (curved arrow}; 2-mm slice. b Arm in exorota-
tion. Patient semiprone. Air and contrast accumulation at the dor-
sal side. Delineation of dorsal labrum (arrow); 5-mm slice

Fig.2. Double-contrast arthrotomography of the elbow. Demon-
stration of cartilaginous free body (arrow) near radiohumeral joint

the joint at the ventral side in case there is interest in the
ventral labrum and capsular ligaments (Fig.1a). For op-
timal visualizing the dorsal labrum, when necessary, the
patient should be positioned prone and somewhat on
the affected side with the arm in exorotation to get the
air around the dorsal labrum (Fig.1b). The shoulder
can be imaged with 5-mm-thick slices at the cranial and
caudal side and in between with 2-mm slices with an in-

terval of 3 mm. For good visualization a zoom at which
only the glenohumeral joint is imaged should be made.

Elbow

The main indications for elbow arthrography are the
demonstration of bony and cartilaginous free bodies.
Also, the cartilage and the capsule can be judged. Be-
cause of the complicated anatomy of the elbow joint, a
pluridirectional tomography or CT should follow con-
trast agent administration. In fact, the elbow joint con-
sists of three different articulations: the radiohumeral
joint, the ulnohumeral joint and the proximal radioulnar
joint. Arthrography (CT) is superior to MRI in demon-
strating free bodies. Because of the orientation of the
planes of the articulations, arthrotomography is pre-
ferred over CT arthrography. In cases of osseous free
bodies on the plain elbow radiographs, it is better to per-
form first a tomogram without contrast to pick up small
osseous free bodies which theoretically could be missed
on a double-contrast arthrotomogram. The cartilagi-
nous loose bodies can only be picked up on arthroto-
mography (Fig.2).

The best positioning of the patient is prone on the X-
ray table with the arm along the head and toward the
end of the table with the elbow flexed 90°. The exam-
iner is seated at the end of the X-ray table. The puncture
can best be done between the radial head and the capit-
ulum from laterally with the elbow in 90° flexion [4].
One cubic centimetre contrast medium mixed with 0.2
cc epinephrine 1:1000 and 9 cc air should be injected,
all mixed in one syringe. The positive contrast medium
should be injected first. When the contrast medium
flows away from the needle tip, one is in the joint. After
injection, under fluoroscopic control some plain arthro-
graphic views can be made, after which a lateral and an
anteroposterior (AP) pluridirectional tomogram with a
slice interval of 3 mm should be performed. Using one
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Fig.3. Arthrotomography of the elbow. Mixed cartilaginous—os-
seous free bodies volarly near the ulnohumeral joint {(arrows)

Fig.4. Arthrotomography of the elbow. Osseous bodies volarly
and dorsally. The dorsal one (arrow) is fixed to the bottom of the
olecranon fossa, which results in a reduction in extension. The vo-
lar one (curved arrow) is fixed to the capsule (contrast not entirely
around the body)

emulsion film (e.g. Min R-MA, Kodak, Odijk, The
Netherlands) exposed in a cassette with one intensifica-
tion screen (e.g. Min R single fine screen, Kodak, Odijk,
The Netherlands) in the tomographic device will pro-
vide excellent radiographic examples of bodies in the
joint (Figs. 3 and 4).

When no pluridirectional tomography is available,
the alternative is CT arthrography with air. The position
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Fig.5a, b. CT arthrography of the elbow; 2-mm slices. a First scan.
Bony density near joint capsule (arrow), not surrounded by air.
b Second scan. After elbow motion and reposition, displacement of
bony particle (arrow) as proof of a free body in the joint. Notice
former location of the loose body now filled with air (curved ar-
row)

during injection is the same as mentioned above. It is
only somewhat more difficult to notice the air entering
the elbow joint. Ten cubic centimetres of air is adequate.
The CT scan should be performed with 2- or 3-mm-thick
slices with the arm extended. When in doubt, if a piece
of bone or cartilage is completely loose in the joint, one
should also perform a CT scan with the arm in another
position in order to notice a change of position in the
loose body to appreciate its real loose status (Fig.5).
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Fig.6a, b. Puncture-technique radiocarpal arthrogram. a Direc-
tion of needle obliquely to the radiocarpal joint under fluoroscopic
guidance. b After rotating the hand to a frontal pesition and pro-
jecting the scapholunate and lunotriquetral joint space free, the
contrast fluid is injected and the course of it is closely observed

In demonstrating loosening of an elbow prosthesis
one should puncture the elbow form laterally or dor-
sally. Unfortunately, one cannot give much pressure in
the elbow joint before leakage from the capsule will
show up (as in the knee joint in case of a total knee).
So unlike in demonstrating loosening of a prosthesis in
the hip joint, in the elbow and knee joints it is more dif-
ficult to force the contrast medium between the prosthe-
sis or cement and the bone.

b

Fig.7a, b. Radiocarpal arthrogram. a Contrast leakage through
the scapholunate interosseous ligament (arrow) only after ulnar
stress deviation. b Contrast leakage through the lunotriquetral in-
terosseous ligament (curved arrow) after radial stress deviation
only. Both are examples of a small rupture. (From [8])

Wrist

The main indications for wrist arthrography are the
demonstration of interosseous ligament and disc rup-
tures. Other indications, as in every joint, are the dem-
onstration of free bodies and cartilage damage. Ar-
thrography is still somewhat superior to MRI with re-
gard to demonstrating scapholunate and lunotriquetral
interosseous ligament ruptures and disc ruptures in the
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case of a thin disc. A radiocarpal arthrogram is most suf-
ficient for demonstrating interosseous ligament and disc
ruptures especially after injection a lot of stressing of
the joint is performed after which most tears will open
to allow the contrast medium to flow to the midcarpal
and/or distal radioulnar joint. On indication (when the
symptoms are there) also the midcarpal joint or the dis-
tal radioulnar joint can be injected. One should be
aware of the fact that capsular ligaments cannot be
very well demonstrated by arthrography. There are
now promising articles about demonstrating them with
multiplanar reconstructions of 3D Fourier transform
MRI [5-7].

The best way of injecting the radiocarpal joint is by
positioning the patient prone on the X-ray table with
the arm along the head and towards the end of the table.
The examiner should be seated at the end of the X-ray
table [8]. The puncture can be done between lunate
and radius or between scaphoid and radius. The best
way is to mark the puncture place and to inject with the
hand in a lateral position with somewhat volar flexion.
The needle should be pointed to the joint space of the
radiocarpal joint under fluoroscopic control (Fig.6).
When the needle is deep enough, the hand should be ro-
tated back to a frontal position in such a manner that the
joint space between scaphoid and lunate, and between
lunate and triquetrum, is projected free. Then the con-
trast medium can be injected whereby the flow of it can
be followed under fluoroscopic control. A total of 1-2
cc contrast medium is enough. Only in case of a connec-
tion between the radiocarpal joint and the midcarpal
joint and/or distal radioulnar joint does one need some-
what more.

To inject some cubic centimetres of a mixture of 3 cc
contrast medium with 2 cc xylocaine 2% gives a good
density and an additional test to correlate symptoms
with the intra-articular pathology. Preferably, one
should use a fluoroscopic unit with the tube under the
table and the image intensifier and cassette holder
above the table. The tube should have a very fine second
focal spot of 0.3 or 0.4 mm! This can provide good mag-
nification views when the cassette holder stays + 25 cm
above the tabletop. Also, by using one emulsion film
(e.g. Min R-MA, Kodak, Odijk, The Netherlands) ex-
posed in a cassette with one intensification screen (e.g.
Min R single fine screen, Kodak, Odijk, The Nether-
lands) provides good-quality radiographs (Figs. 6-9).
After injection, the wrist should be manipulated force-
fully is to open every possible perforation or tear of the
scapholunate and/or lunotriquetral interosseous liga-
ment or articular disc (Fig.7). Where the contrast fluid
runs through a ligament or disc to another compartment
there is a perforation or tear. By stressing the wrist in ul-
nar and radial deviation the size of an interosseous liga-
ment rupture can be judged (small, intermediate or
large; Figs. 7 and 8).

The articular disc often shows a slit-like perforation
at the radial side of the disc (Fig.9). This is often seen in-
dependent of the age of the patient, the thickness of the
disc, and the clinical symptoms, and should not be con-
sidered as pathology. Ruptures of the articular disc (or
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TFC) at the ulnar side are of clinical importance, but
are difficult to appreciate with arthrography or MRL

When one is looking for a partial detachment of the
interosseous ligaments, at the midcarpal joint side an in-
jection dorsally between the scaphoid, capitate and
trapezoid is the easiest.

For judging partial tears at the distal radioulnar joint
side of the articular disc, one can perform an arthrogram
of that joint. The needle can best enter the distal radioul-
nar joint from dorsally just ulnarly of the joint space be-
tween radius and ulnaandjust on the ulnar head cartilage.

It is important to correlate the diagnosed ligament or
disc tears or ruptures with the clinical symptoms, be-
cause not all these (incomplete) tears cause symptoms.

Hip

Currently, MRI provides the best information of the
adult and infant hip. In cases of dislocated hips in an in-
fant can an arthrogram still be performed in the operat-
ing room to show what is happening when attempting a
close reduction of the hip. If the labrum or adhesions
prevent reduction of the hip, an open reduction should
follow; if not, the hip is to be put in plaster directly after
the arthrogram and after reduction. After an open re-
duction, of course, the hip is to be put in plaster also.
The best way of injecting an infant hip, dislocated or
not, is to inject ventrally and pointing to the cartilagi-
nous head. When meeting the cartilaginous head one is
always in the joint.

Arthrography is still indicated in cases of suspected
joint-prosthesis loosening. The joint should be punc-
tured ventrally at the head-neck transition of the proth-
esis, and when meeting “metal” one is in the joint. After
that, aspiration or flushing of the joint should be per-
formed to obtain material for culture. A mixture of a
contrast medium and an anaesthetic can then be in-
jected under high pressure to get as much contrast mate-
rial around the prosthesis or the cement of the prosthe-
sis. When there is much pain and lymph-channel filling
the pressure is high enough, and one should stop inject-
ing. The cup is by arthrographic definition loose when
the contrast comes between the bone and the prosthesis
in all three zones (zones 1-3). The stem is loose when
there is contrast between the prosthesis and the bone in
two or more zones (zones 1-7). A subtraction technique
can be performed, but one should be aware of the fact
that the patient should not move at all, which, in case
of much pressure, is not always possible because of the
provoked pain. In case of aspiration of cloudy fluid, it
is better to avoid high-pressure performing the arthro-
gram; otherwise, a sepsis can be provoked.

Knee

Presently, MRI is indicated for demonstration of menis-
cal and cartilaginous pathology and, of course, also for
ligamentous, capsular and bone disorders. An exception
is the demonstration of loose bodies to see if these are
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Fig.8a, b. Radiocarpal arthrogram. a Considerable or complete
interosseous ligament rupture with remnant of ligament (arrow)
and considerable diastasis at the scapholunate joint; also, disc per-
foration. b Considerable or complete ligament rupture (arrow).
Considerable diastasis at the lunotriquetral joint during radial de-
viation stress and no ligament. (From [8])

actually loose. For this diagnosis a CT arthrography with
air is needed. The air can be injected with the patient ly-
ing on the table of the CT scanner. One should first aspi-
rate all the joint fluid and then inject approximately
60 cc of air in order to get the joint capsule very well dis-
tended. The best way is to scan with thin slices the whole
region where the air is.

When cartilaginous or bony bodies are completely
surrounded by air they are actually loose; when not,
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Fig.9a,b. Radiocarpal arthrogram. Slit-like perforation of the disc
(arrows). a Profiling the disc with the perforation by elevating the
hand from the table top. b Tomogram of same wrist. This slit-like
perforation at the thinnest and radial side of the disc is often not as-
sociated with symptoms. (From [8])

one should turn the patient to another position. When
the positions of the bodies are changed they are actually
loose; when not, they are fixed to the capsule and there
is no need for an operation or scopy (Fig.10).

Another indication for arthrography is still demon-
strating joint-prosthesis loosening and adhesive capsuli-
tis. As in the elbow, in the knee joint it is difficult to ob-
tain much pressure before leakage out of the capsule
will show up in the case of a joint prosthesis.
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Fig.10a—d. CT arthrography of the knee and corresponding radio-
graphs of removed free body. a Supine position; 2-mm slice. Nee-
dle-like density near medial capsule of joint (arrow). See corre-
sponding projection of free body in ¢. b After repositioning of the
knee on the lateral side, displacement of the density laterally (ar-
row) as proof of a free body surrounded by some joint fluid (5~
mm slice). ¢, d Corresponding radiographs of free body in two dif-
ferent projections

Ankle

The MRI scan shows cartilaginous -and subchondral
bone disorders very well, but visualization with MRI of
intra-articular free bodies in the absence of joint effu-
sion is difficult. If performing arthrotomography or CT
arthrography free bodies can be picked up and still the
cartilage can be judged. Because of plane selection, ar-
throtomography is preferred over CT arthrography. In
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the ankle single contrast is preferred. Injection of air
bubbles can be prevented by entering the soft tissues
during slow injection. A mixture of 6 cc contrast me-
dium and 0.2 cc epinephrine 1:1000 can be made. A total
of 3-5 cc of this mixture should be injected under fluoro-
scopic control. The amount depends on the capacity of
the joint. After marking the dorsalis pedis artery, the
needle should approach the ankle joint obliquely in a
lateral position (as in the radiocarpal joint) to avoid the
ventrodistal lip of the tibia. When the needle is in the
joint, the foot should be rotated back in a frontal posi-
tion to follow the flow of the contrast medium. The
flow sometimes goes under the cartilage in the case of
an osteochondral fracture, and this can be well docu-
mented by taking radiographs (same film-screen combi-
nation as in wrist arthrography). After injection, some
plain arthrographic views should be made, after which
a lateral and an AP tomogram should be performed.
The slice interval can be 3 or 4 mm. Also, the same
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Fig.11a, b. Anteroposterior (AP) and lateral arthrotomogram of
the ankle with subchondral fracture. Notice contrast medium un-
der the surface of the cartilage (arrows)

film-screen combination as mentioned previously for
the arthrotomography of the elbow can be used. Exam-
ples of osteochondral fractures and free bodies are
shown in Figs. 11 and 12. As in the elbow joint in cases
of small bony fragments, sometimes a plain tomography
before the injection of contrast fluid can be useful.
When no pluridirectional tomography is available,
CT arthrography with air should be performed. The in-
jection technique is the same as mentioned above. It is
only somewhat more difficult to observe the air entering
the ankle joint. Approximately 6 cc of air is sufficient.
The CT scan should be performed with thin slices.
The best position is with the foot of the patient flat on
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13

Fig.12. Lateral arthrotomogram of the ankle at the medial side.
Osseous—cartilaginous free body (arrow) as a saving in the (single)
contrast medium

Fig.13. CT arthrography of the ankle joint. Subchondral fracture
(old) with air under the surface of the cartilage (arrow)

the table and to angulate the gantry cranially in order
to get the ankle joint into an AP projection. The joint
cartilage can also be judged in this position (Fig.13).
When in doubt about whether a cartilaginous or os-
seous body actually loose, one should perform an ad-



W. R. Obermann: Optimizing joint-imaging: (CT)-arthrography

ditional CT scan in another position in order to see a
change in position of such a body as proof of a actually
loose status.

Other joints

Arthrography of other joints is done mostly for verifica-
tion of intra-articular needle position in testing a painful
joint by an anaesthetic or by injection of a corticoster-
oid. After studying the anatomy, the best approach to a
certain joint can be chosen. One should be aware of the
fact that the joint space can be difficult to approach by
overhanging bony prominences. The best way to punc-
ture, for example, the dorsal part of the subtalar joint is
laterally just behind the lateral malleolus. Except for
the knee joint, which is mostly injected laterally, all joint
injections should be made under fluoroscopic guidance
with a syringe with an extension tube and an appropri-
ate (small) needle.
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weger’s syndrome. Each chapter deals with one disease and pro-
vides profound information on the clinical and laboratory findings,
the course and varieties of the disease, its pathology and pathogen-
esis, and a comment about possible therapies. Finally, the findings
on MRI are discussed and illustrated.

A very important and helpful chapter is on pattern recognition
in MRI in myelin disorders. The authors propose an approach to
image analysis which allows the diagnosis in a significant number
of disorders, and they provide information on the specificity of
the MR diagnosis in various disorders of myelin. A final chapter
on MR spectroscopy gives an overview of the technique and its ap-
plication in white matter disease. The book is completed by a list of
references covering more than 90 pages. The quality of the illustra-
tions is excellent, and with few exceptions of very rare disorders,

state of the art. A significant number of MR scans were taken
from the first edition, a fact which reflects the excellence of the
work done by the authors.

The amount and quality of information on myelin diseases
make the purchase of this second edition almost mandatory for all
neuroradiologists and radiologists performing MRI. It is also a
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Extensive chapiers are devoted to effects on genetic material,
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and radiation exposure in utero.

Other chapters concern the effects of radiation in combination
with other agents, the probability of causation of lesions in an indi-
vidual, the perception and acceptance of risk and the effects of ura-
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Most chapters end with a short summary and all chapters are
followed by an extensive list of references.

Despite the absence of a chapter concerning measures of radio-
protection, this book is a highly valuable work for every physician
interested in the basic medical effects caused by ionizing radiation.
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