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Introduction

In recent years, ultrasound (US) has
demonstrated its potential in diagno-
sis, monitoring and therapy of several
rheumatic diseases (1-6). There is now
little doubt that US can play a key role
in early diagnosis of rheumatoid arthri-
tis through its capacity to document
synovial proliferation and perfusion,
tendon involvement, cartilage damage
and bone erosion in an evolutionary
phase of the disease in which conven-
tional radiography is usually normal (7-
15). Unfortunately, US still has limited
diffusion within rheumatology related
principally to the image acquisition
process and linked with at least five
main factors: the steep learning curve,
lack of standardisation of the technique,
intra- and inter-observer variability,
time consumption and the high initial
cost of top quality sonographic equip-
ment. Of all these barriers, the first four
are undoubtedly the most difficult to
overcome.

This review discusses the available evi-
dence supporting the potential of three-
dimensional (3D) US with high-fre-
quency volumetric probe to overcome
the first four barriers.

Revolution on the horizon

US technology is a very fast-moving
process. Over the last few years, 3D
US has appeared as one of the most
interesting and fascinating new tools
with potential to revolutionise the tra-
ditional approach to musculoskeletal
US in rheumatology (16-21). It not
only produces separate slices, but also
cubes of echoes that can be explored
on an endless number of planes, in-
cluding the coronal plane that cannot
be assessed on two-dimensional (2D)
US. Moreover, 3D US allows three-di-
mensional reconstruction that can add

further useful information otherwise
unavailable on single traditional sono-
graphic slices. The specific character-
istics of acquisition and reconstruction
of the images make it the ideal tool to
consider as the potential ‘final solution’
to the main problems which limit the
diffusion and reliability of traditional
US. The challenge to 3D US is to prove
itself to be a method that requires no
particular skills, that can be mastered in
just a few minutes and is not operator-
dependant.

3D US technology

3D US images can be obtained with dif-
ferent techniques (16). In rheumato-log-
ical practice two methods are employed.
The first and more common requires ac-
tive involvement of the operator who
has to move very carefully and homoge-
nously on the area of interest. The main
limit of this approach is the creation of
artefacts due to incorrect movement of
the probe. The second and more innova-
tive approach is based on large footprint
probes that cover a relatively wide ana-
tomical area and must not be moved on
the skin surface to ensure acquisition of
the cubes of echoes. The acquisition is
performed by an automatic movement
of the beam that is not operator-depend-
ant. This kind of technique would seem
to provide the best guarantee to limit
any influence by the operator on the
quality of the images. In practical terms,
the operator has to select the area, put a
layer of acoustic gel on the skin, place
the probe surface on the gel layer, pref-
erably avoiding any contact with skin,
press the acquisition button, wait four
seconds, and then move to another area.
The volumetric echoes stored are avail-
able for further off-site examination on
longitudinal, transverse, coronal and 3D
reconstructions.



https://core.ac.uk/display/302079651?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

IMAGING

Learning curve

There is a general consensus amongst
experts that in order to master US there
is a virtually endless learning curve re-
lated mainly to the image acquisition
process (1, 4, 22-24). There is no for-
mal agreement on the minimal require-
ment for competency in musculoskele-
tal US. According to the American Col-
lege of Radiology, a minimum of 500
supervised scans must be performed
by trainees to reach a suitable stand-
ard (25). Extrapolating this to rheuma-
tologists, such a number of supervised
scans would be virtually impossible to
achieve within the current constraints
of rheumatology training where US
may not be included in the core curric-
ulum. The visuo-spatial nature of US is
so dependant on good acquisition tech-
nique that the time spent perfecting this
skill is vital. Obviously, the possibility
of taking high quality US pictures with
minimal experience in musculoskeletal
US would represent the ideal solution
to the problems related to the learning
curve.
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Standardisation of the technique

Careful standardisation of the image
acquisition technique plays a key role
in musculoskeletal US. US findings
should be explored on both longitudinal
and transverse scans. In some anatomi-
cal areas where landmarks are less well
defined it is often difficult to convinc-
ingly demonstrate clear transverse and
longitudinal views thereby compound-
ing the difficulties in satisfying image
standardisation. Considerable time is,
therefore, required during conventional
2D US to ensure that standardisation
error has been minimised. The explo-
ration of an anatomical region with 3D
US whilst not negating the need for rec-
ognition of traditional landmarks, does
reduce the degree of inherent error in
image standardisation by virtue of the
navigation through volumetric imagery
obtained from the data set off-site at the
operator’s leisure (Fig. 1). Moreover,
coronal and 3D reconstruction add fur-
ther precision to the standard views and
add otherwise inaccessible information.
In particular these views can be of rel-

evant practical benefit in assessing the
full extent of anatomical damage and
the relationship between the lesion and
the surrounding tissues. The point of
intersection of the three perpendicular
planes is evident and permits perfect
correlation between the three windows
contemporaneously.

Inter- and intra- operator
variability

Reproducibility in US is a challenge.
The extent of inter- and intra-operator
variability in terms of the acquisition
of US images has not been extensively
investigated to date (4, 20, 23, 26-30).
The results are encouraging even if re-
producibility of an acceptable standard
has been demonstrated in only a few
pathological conditions. Reproducibil-
ity is affected by several aspects of the
scanning technique which include the
positioning of the patient, setting of the
US equipment, quantity of acoustic gel
applied, positioning of the probe, angu-
lation of the probe with respect to the
skin surface and pressure applied to

Fig. 1. Healthy subject. Metacarpophalangeal joint. In conventional 2D US (A) the sonographic landmarks are used to standardise the scanning technique.
A(i): The linear probe; A(ii): The probe position; A(iii): The image obtained. In 3D US (B) the anatomical landmarks are used to standardise the image
acquisition process. B(i): The volumetric probe; B(ii): The quadratic footprint; B(iii): The images obtained. 3D US images were obtained using a Logiq 9
(General Electric Medical Systems, Milwaukee, WI) equipped with a 8-15 MHz volumetric probe (4D16L). m = metacarpal head; p = proximal phalanx;
t = extensor tendon.
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the skin surface by the probe. The only
technical aspects to consider during the
3D acquisition process are the correct
placement of the probe and the avoid-
ance of direct contact with the skin by
using an adequate quantity of acoustic
gel together with a steady hand. Only
minimal modulation of the setting of the
US equipment is required. An operator-
independent method of image acquisi-
tion is particularly important for power
Doppler. The assessment of soft tissue
perfusion can be dramatically affected
by the dexterity of the operator and the
position of the probe. Final comments
on the extent of hyper-vascularity are
traditionally made upon a single repre-
sentative slice selected by the operator
during the real time examination. The
patchy distribution of synovial prolif-
eration is another element that makes
standardisation a difficult task even for
an experienced sonographer. 3D im-
agery conveys in a single image all the
information relating to power Doppler
signal with the generation of a volume
containing the regions of increased vas-
cularity. The potential of this approach
is particularly important in the field of
therapeutic monitoring.

Time

The acquisition time of traditional 2D
US is widely variable and dependent
upon the anatomical area being exam-
ined and the experience of the opera-
tor. For a metacarpophalangeal joint,
which is one of the most frequently
evaluated joints in rheumatology, the
time required for a detailed US assess-
ment that includes depiction of bone
profile, cartilage, joint cavity and ad-
jacent tendons may require up to five
minutes. The acquisition of 3D grey
and power Doppler images require
merely four seconds and eight seconds
respectively (Fig. 2). Following this
process the operator can navigate the
plane of view of their choice and can
contemporaneously obtain the corre-
sponding coronal view. The interpre-
tation of the images can be redirected
to a more convenient time for the op-
erator. From the patient’s perspective
a 3D examination is more attractive
than a 2D examination in terms of
time required.
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Fig. 2. Rheumatoid arthritis. Erosive involvement of the metacarpal head of the second metacarpo-

phalangeal joint.

i: This high quality image was obtained by an experienced sonographer using 2D US following a
skilled examination lasting approximately five minutes.

ii: One of the virtually unlimited number of longitudinal scans obtained using 3D US. In spite of
slightly lower quality of the image, the same sonographic pathology is depicted as in (i). This image
took approximately 3 seconds to obtain and was obtained by a novice operator. US images were ob-
tained using a Logiq 9 (General Electric Medical Systems, Milwaukee, WI) equipped with a 8-15 MHz
volumetric probe (4D16L). m = metacarpal head; p = proximal phalanx; > = bone erosion.

For further ultrasound images, please go to www.clinexprheumatol.org

Cost

The cost of conventional 2D US no
longer appears to be a significant barri-
er to the widespread use of US in rheu-
matological practice. This is prima-
rily due to the continuously improving
cost-performance ratio. The cost-ben-
efit ratio of 3D US outweighs that of its
2D counterpart and whilst cost may ini-
tially be a barrier to some the inherent
benefits of this technology surely make
it the more attractive option in the ever
evolving technological era.

Limitations of the technology
The advent of 3D technology has her-
alded a new era in imagery for the rheu-

matologist sonographer but it does also
bring some limitations which must be
considered. The acquisition process does
not currently allow for movement and
therefore removes the possibility of ob-
taining a dynamic image which is a fun-
damental part of the examination proc-
ess in some tissues and anatomical areas
e.g., tendons. As with 2D US, the image
visualised is delimited by the footprint of
the probe and does not allow for a more
panoramic view of anatomical details
which exceed this dimension e.g., shoul-
der examination. The size and shape of
the 3D probe can restrict its ability to ex-
plore certain anatomical regions of inter-
est e.g., lateral aspect of the digits.
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Conclusion

Due to the specific characteristics of
3D US mentioned in this article, it
seems likely that will become a more
attractive imaging modality when com-
pared with other techniques e.g. mag-
netic resonance imaging for imaging
musculoskeletal disorders in many cir-
cumstances. For some rheumatologists
2D US may remain the sonographic
modality of choice in the shorter term
principally due to cost issues and in
some circumstances where its dynamic
capabilities may be more relevant. Once
the practical benefits of 3D are widely
known we predict that 3D US will pre-
vail where applicable. In an era when
time is a precious commodity, 3D US
in the hands of a dedicated clinician is
a powerful tool that can be used imme-
diately without ascending great heights
on the US learning curve. The 2D al-
ternative to this innovative and attrac-
tive approach to US is a more complex,
time-consuming and involved process.
This shift in the balance between image
acquisition and image interpretation
will appeal to many. With conventional
2D US considerable effort is made both
in image acquisition and interpretation
during the scanning process. Akin to
conventional radiography, 3D US does
not require the reader to be actively in-
volved in the acquisition process and
the main input from the clinician is in
the image interpretation process. Fu-
ture application of 3D US within the
research arena is likely to provide the
necessary evidence to widely use this
tool in rheumatological practice and
clinical trials.

Link
For further ultrasound images, go to:
www.clinexprheumatol.org/ultrasound
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