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�Introduction

In relatively recent years, ultrasound (US) imag-
ing has progressed rapidly improving the diag-
nostic accuracy in several rheumatic conditions, 
and it is currently considered a first-line research 
tool for several musculoskeletal diseases. Better 
transducer technology is now available increas-
ing B-mode image quality as well as information 
from Doppler imaging. Additionally, new US 
technologies such as three-dimensional (3D) 
US, elastography (ES), and fusion imaging (FI) 
are able to increase the traditional role of 
US. The purpose of this chapter is to bring this 
new technology closer to pediatric rheumatolo-
gist and to summarize some of its possible clini-
cal applications.

�Content

�Three-Dimensional Ultrasound (3D US)

In the clinical setting, this technology has been 
mostly used in obstetrics [1–3], urology [4], and 
cardiology [5]. In recent years, it has also demon-
strated its potential role in some adult rheumato-
logic conditions such as rheumatoid arthritis (RA) 
[6], spondyloarthritis (SPA) [7], and rotator cuff 
pathology [8]. There are several 3D US image 
acquisition techniques [9].In rheumatological 
practice, a volumetric probe (a large footprint 
probe that covers a relatively wide anatomical 
area) (Fig. 20.1) is used in order to obtain a 3D US 
image in an automatic manner and in a few sec-
onds. The image acquisition, in both grayscale 
and power Doppler (PD) modes, is performed by 
an automatic sweeping scan movement of the 
piezoelectric crystals located inside the probe. 
This technique offers virtual operator indepen-
dence due to transducer automated sweeping. In 
order to generate the US images, the operator 
places the volumetric probe with a steady hand on 
the chosen anatomical area which is covered by a 
generous layer of acoustic gel and then presses 
the acquisition button. After 4  s, the ultrasound 
images are ready to be examined on longitudinal, 
transverse, and coronal planes and on 3D recon-
struction as well. The stored US images are also 
available to be examined at any time and without 
the presence of the patient. It is important to stress 
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that even though 3D US seems to be not operator 
dependent, the diagnostic quality of the US volu-
metric images is influenced by the ultrasonogra-
pher knowledge of anatomic landmarks, the 
correct placement of the probe, the use of an 
appropriate amount of acoustic gel, and finally the 
avoidance of probe movement. A very recent 
study where 31 RA patients underwent examina-
tion of seven joints (491 anatomic sites) by 2D 
and 3D US for synovitis and tenosynovitis in B 
and PD modes and erosions in B-mode revealed 
that 15% of the 3D scans could not be properly 
evaluated due to technical issues with the image 
acquisition (nonachievement of minimum stan-
dard of image quality) [10]. Although image 
acquisition time is shorter than with 2D US, 
image reconstruction and interpretation can be 
time-consuming, and its accurate evaluation still 
depends on previous training. The 3D PDUS is 
considered a reliable imaging technique due to its 
capability to assess synovial vascularity in 
inflamed wrists of RA patients when compared 
with clinical symptoms and the gold standard 
contrast-enhanced magnetic resonance imaging 
(MRI) [11]. 3D PDUS allows the spatial demon-
stration of synovial blood vessels in the peri- and 
intra-articular region of inflamed joints in patients 
with RA [12]. Furthermore, several studies have 
confirmed good-to-excellent agreement in both 
qualitative and semiquantitative assessments of 
joint inflammation and bone erosions between 3D 
US and conventional 2D US when examining RA 
hand and wrist joints [10, 13–15]. Acebes et  al. 
[10] found that a higher level of agreement was 
attained for patient global scores than for individ-
ual joints. Naredo et al. [15] reported that 3D US 
may even improve the reliability for inflammatory 
changes of the hand and wrist in patients with RA, 

but they did not show a significant inter-modality 
agreement for bone erosions. A recent study [16] 
that investigated the performance of 3D US in the 
detection of bone erosions in hand and wrist joints 
of radiographically nonerosive RA patients com-
pared to computed tomography (CT) as the refer-
ence method revealed that 3D US exhibited a 
sensitivity of 90% and a specificity of 55% in 
identifying erosive patients, suggesting that the 
majority of erosive patients identified by 3D US 
were correctly classified. However, more than 
50% of the cortical breaks detected with 3D US 
were not considerate CT true erosions showing 
that at a single erosion level, misclassification can 
occur on 3D US. Contrary to Naredo et al. [15], 
Lai et al. [17] did not find any relevant advantage 
of a 3D transducer with respect to the 2D US 
assessment in wrist inflammation in RA patients. 
Due to the possible observation of synovial blood 
vessels and angiogenesis in patients with synovi-
tis by 3D PDUS imaging, this method can play a 
key role in monitoring anti-inflammatory and bio-
logical therapy in RA as shown by some studies 
[18–21]. Another important advantage for therapy 
monitoring which has a major impact on follow-
up examinations of synovitis is the fact that due to 
the sweep over the entire joint, the 3D imaging 
provides a true 3D perspective of the whole ana-
tomical region which can be processed immedi-
ately for objective quantification (Fig.  20.2). In 
the case of conventional 2D US, only the directly 
accessible part of the inflamed joint region can be 
imaged. Four-dimensional US (real-time 3D US)-
guided biopsy is feasible and can improve visual-
ization of biopsy procedures by using multiplanar 
views as shown by [22]. Although the accuracy is 
comparable to that of conventional 2D biopsy, 
this technique may be helpful for biopsy of lesions 

Fig. 20.1  Volumetric 
probe
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with close relation to relevant anatomical struc-
tures. It’s relevant to stress that a potential use of 
this technique imaging may be in guiding syno-
vial and tenosynovial biopsies. In spondyloarthri-
tis (SPA), similar findings comparing conventional 
2D and 3D US have been shown for Achilles ten-
don involvement [7] as well as for the presence 
and change of calcaneal bone erosions [23]. 
Further studies are needed to validate this tech-
nique in psoriatic arthritis. Regarding the pediat-
ric population and the musculoskeletal (MSK) 
system, there are a number of studies on the 
potential applications of this method mainly in 
infant hip dysplasia [24–27]. 3D US can display 
the full acetabular shape, improving the assess-
ment accuracy of developmental dysplasia of the 
hip. To date, there is no data in the medical litera-
ture about this innovative technique and its use in 
the diagnosis and/or follow-up of inflammatory 
arthritis in children. One important limitation of 

the application of this imaging tool is the size and 
shape of the 3D transducer which can decrease its 
ability to study the MSK system of this age range. 
Another disadvantage is the fact that the image 
acquisition process does not allow for movement, 
thus preventing the possibility of obtaining a 
dynamic image which is an essential part of the 
examination of tendons in children and adults. 
Even though its image resolution is inferior to 
conventional 2D US, 3D US can be used for train-
ing and education, as it is an ideal tool to demon-
strate complex anatomy and vasculature 
(Fig.  20.3) and the 3D volume can be virtually 
rescanned without the patient’s presence. The 
improvement of transducer technology with 
higher resolution and smaller size may allow 
pediatric MSK 3D US to become a promising 
imaging tool for assisting the diagnosis and fol-
low-up of some of the pediatric rheumatologic 
diseases (Fig. 20.4).

Fig. 20.2  Volumetric PD US image of the dorsal aspect 
of the radiocarpal and midcarpal joints in an RA patient 
(21).Wrist was globally scored moderately on both 

B-mode and PD-mode. r radius, l lunate, c capitate, L lon-
gitudinal, T transverse, C coronal, R reconstruction vol-
ume. (Courtesy of I. Möller, MD)
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Fig. 20.3  Normal 
vessel branch of a finger 
in 3D block. (Courtesy 
of M. Ammitzbøll-
Danielsen, MD)

Fig. 20.4  3D data of synovitis of the right knee of a 3-year-
old girl with juvenile idiopathic arthritis. Each image is a 
mosaic of nine ultrasound images showing mild suprapatel-
lar pouch enlargement due to synovitis. (a) One transverse 
view of the one in the upper left corner and eight longitudinal 
views parallel to each other and distance of 2.5 mm between 

each other; (b) one longitudinal view of the one in the upper 
left corner and eight transverse views parallel to each other 
and distance of 2.5 mm between each other;(c) one longitu-
dinal view of the one in the upper left corner and eight coro-
nal views parallel to each other and distance of 2.5  mm 
between each other. (Courtesy of E. Filippucci, MD)
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�Ultrasound Elastography 
(Sonoelastography)

Ultrasound is an essential tool in medical imag-
ing. New recent applications as elastography 
(ES) can contribute to the assessment of rheu-
matic diseases. In addition to the information 
obtained from B-mode and Doppler ultrasonog-
raphy, ES can provide a different form of tissue 
evaluation as it may show pathologic changes 
before its detection on B-mode imaging. Besides 
that, since the pathological and the surrounding 
healthy tissue may often present the same echo-
genicity on conventional US, it is sometimes dif-
ficult to distinguish between them [28].

Tissue elasticity assessment by ES is based on 
the principle that tissue compression produces 
strain (displacement) which is lower in harder 
and less compressible tissues and higher in softer 
and more compressible ones [29].

There are currently two main methods used to 
perform ES in the clinical setting: strain or com-
pression ES (the most common one) and shear-
wave ES. Essentially, strain ES measures the 
elasticity of the tissue through the collection of 
US echo data before and after a slight compres-
sion applied from the transducer by repetitive 
manual pressure and, thus, a qualitative, color-
coded strain map termed elastogram is obtained. 
Different grades of elasticity are frequently 
super-imposed on the related B-mode image in 
order to show anatomical localization using 
diverse coloring (yellow to red in soft tissues and 
green and blue representing hard ones). A poten-
tial disadvantage of this image modality is the 
variability in the pressure applied to the tissue, 
which might affect reproducibility. Tissue shift-
ing due to unilateral compression is another rele-
vant issue; the use of a gel standoff pad can help 
to reduce this problem. It is recommended to 
apply at least three cycles of compression and 
decompression for an ideal assessment [30]; 
however, it is important to stress that repeated 
compressions may cause excessive preload of the 
tissues modifying tissue elasticity. To address 
this problem, there is a visual indicator scale on 
the machine that monitors the relationship 
between pressure exerted and tissue strain. If the 

pressure decreases or increases below a certain 
level, the pattern of the elasticity image changes 
considerably.

Unlike strain elastography, shear-wave elas-
tography allows the determination of the actual 
tissue elasticity since it applies a vibration to tis-
sues through a focused US pulse generated by a 
linear transducer, which by itself provides a local 
stress generating tissue displacement without the 
need for manual compression. The vibration 
within the tissues creates shear waves (transverse 
waves) which are perpendicular to the US pulse 
and propagate faster in stiffer tissues. A quantita-
tive color-coded elastogram on the US screen dis-
plays shear-wave velocities in meters per second 
or tissue elasticity in kilopascals [31]. Shear-wave 
ES is thus likely to be more objective and repro-
ducible than strain ES due to direct assessment of 
tissue elasticity, with the possibility to obtain 
quantitative measurements. A major limitation of 
this imaging tool is the fact that very deep (>9 cm 
from the skin) or very superficial structures can-
not be assessed [32]. Shallow depths may be com-
pensated by using a gel standoff pad.

Additionally, shear-wave ES is sensitive to 
transducer pressure and angle similar to strain ES 
[33]. Shear-wave measurements are potentially 
affected by the way the anatomical structure is 
evaluated (long vs short axis) due to anisotropy as 
well as the size and shape of the region of interest. 
The heating generated by the repetitive use of the 
shear-wave ES may modify the measurements 
and cause tissue damage. This is compensated by 
a cooling delay. Finally, cystic structures are not 
well analyzed owing to the fact that shear waves 
are not generated within fluids [34]. Tissue elas-
ticity changes caused by tumors have already 
been evaluated in breast [35–38], thyroid [39, 40], 
and prostate cancers [41, 42]. Despite the recent 
advances in tumor diagnosis with ES, biopsy still 
remains the gold standard. However, it is now 
considered the standard imaging tool in the 
assessment of liver fibrosis, even, replacing 
biopsy in many cases [43].

Recently, ES has been proven useful in the 
evaluation of rheumatic disorders such as tendino-
sis [44] (Achilles tendon [45, 46], supraspinatus 
tendon [47], common extensor tendon of the elbow 
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[48], SPA (Achilles tendon abnormalities) [49]), 
polymyalgia rheumatica (subacromial-subdeltoid 
bursitis) [50], carpal tunnel syndrome [51], 
Sjögren’s syndrome (salivary tissue assessment) 
[52], gout (gouty arthritis) [53], adhesive capsuli-
tis of the shoulder (coracohumeral ligament) [54], 
and inflammatory myopathies [55, 56]. Regarding 
systemic sclerosis (SSc), a very recent systematic 
review about US assessment of the skin in SSc 
which included three studies on strain ES and 
three studies on shear-wave ES showed signifi-
cantly higher shear-wave velocities in SSc patients 
than in controls [57]. To date, there is little infor-
mation regarding the elastographic appearance of 
the synovium in rheumatoid arthritis. Recently, a 
cross-sectional study presented as a poster 
(FRI0525—Sammel AM et  al. 2016) evaluated 
nine patients with low to moderate activity of RA 
and five controls with shear-wave elastography of 
the MCP joints. The authors found significantly 
lower maximum shear-wave velocity in RA 
patients than in controls (6.38  m/s vs 6.99  m/s 
p = 0.042). In MSK disorders in children, ES has 
been mostly used to evaluate muscle elasticity in 
healthy subjects (at rest and after exercise) [58] 
and in patients with congenital muscle torticollis 
[59, 60], cerebral palsy [61], myositis [56], and in 
Bethlem myopathy, a congenital muscle dystrophy 
[62].Regarding cerebral palsy, ES was equally 
used to guide botulinum toxin injections into con-
tracted muscle fibers, identified as hard (blue) on 
the elastogram [63]. A recent study [56] that evalu-
ated inflammatory myopathies (dermatomyositis 
(41,2%), polymyositis (29,4%), systemic lupus 
erythematosus overlap (11.8%), juvenile dermato-
myositis (5.9%), mixed connective tissue disease 
(5.9%), and RA overlap (5.9%)) by physical 
examination, imaging (MRI and strain ES), and 
histopathology showed alteration in the normal 
muscle elastogram, with predominance of stiff 
appearance of pathological muscles. Besides that, 
the authors also found a correlation between sono-
graphic stiffness and the inflammatory changes on 
muscle biopsy suggesting that strain ES could be 
an important tool in identifying and measuring the 
degree of muscular inflammation. In contrast, 
Berko N et al. [64] who evaluated the performance 
of strain ES in the diagnosis of juvenile idiopathic 

inflammatory myopathy compared to MRI showed 
no association between abnormal muscle appear-
ance on the elastogram and muscle edema detected 
on MRI (P > 0.999). Muscle elasticity was assessed 
based on a comparison with previously published 
findings of muscle elasticity in a cohort of normal 
children of similar age and gender [58]. The areas 
of signal abnormality seen on MRI in patients with 
active inflammatory myopathy correspond to areas 
of muscle edema. A possible explanation for the 
absence of correlation between ES and MRI is the 
fact that sonoelastography might not be able to 
detect small changes in fluid related to muscle 
inflammation seen on MRI as well as the smaller 
area of the muscle able to be evaluated with 
ES. Patients with JDM often have heterogeneous 
areas of affected muscle, and therefore it is possi-
ble that the area of muscle analyzed on the ES 
studies was not an area of active disease.

Other potential limitations of strain ES in 
assessing skeletal muscles are related to repro-
ducibility, and it is possible that other ES tools, 
such as shear-wave ES and magnetic resonance 
elastography [65], may be useful in the assess-
ment of muscular diseases. However, it is impor-
tant to note that understanding and interpreting 
color elastograms and shear-wave velocities 
requires knowledge of the basic ultrasound phys-
ics of shear-wave ES. More research is needed to 
establish the role of ES in assessing myositis and 
other muscle disorders. To date, this image 
modality is unlikely to replace muscle biopsy for 
the diagnosis of muscular pathologies.

�Fusion Imaging

Another interesting approach is the fusion imag-
ing (FI) which software may be integrated into 
high-end US machines. This imaging modality 
overlaps information from previously performed 
computed tomography (CT) or MRI on to real-
time image acquisition by US scanning with bet-
ter illustrations of bony and certain soft-tissue 
lesions. This is particularly promising for intra-
articular guided infiltrations, improving injection 
accuracy, especially into the sacroiliac joints. 
Bony landmarks are provided by the CT scan and 
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the needle placement is guided by real-time US 
[66]. With respect to rheumatic diseases, the FI 
applications have already been evaluated in the 
hand and wrist joints of patients with RA and 
osteoarthritis [67] and in shoulder pathology [68].

Regarding the pediatric population, the major 
limitations to the use of this technology are the 
difficulty that children have to tolerate MRI exam 
without sedation and the well-established risk for 
developing a radiation-related cancer when 
exposed to CT scan. However, young patients 
with chronic sacroiliitis who require several infil-
trations of the sacroiliac joints already have the 
necessary information from previously per-
formed CT scan reducing repeated radiation 
exposure [66].

�Conclusion

New developments in US imaging such as 3D US 
and ES have potential applications in pediatric 
rheumatic diseases. An interdisciplinary approach 
between pediatric rheumatologists and radiolo-
gists is essential to spread information on the 
advantages of using such imaging tools. This 
cooperation might certainly result in optimal 
patient management. Besides that, despite all 
advances in imaging diagnosis, much remains to 
be done regarding pediatric rheumatology.
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