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Fusing MRI with ultrasound images —  
a tool to enhance ultrasound education 
and improve clinical ultrasound

The clinical use of Musculoskeletal (MSK) ultra-
sound (US) has increased significantly largely due 
to its diagnostic accuracy for many indications and 
its significantly lower cost than other cross-sectional 
imaging modalities. In the United States in 2009 radi-
ologists interpreted 91,022 MSK ultrasound studies 
compared with only 40,877 in 2000 [1]. MSK ultra-
sound has excellent resolution for soft tissue applica-
tions, making it a good choice to diagnose conditions 
such as partial or full thickness tendon tears, nerve 
entrapments, muscle strains, ligament strains, joint 
effusions, etc [2].  However, despite its rising use, there 
is a relative lack of formal training in MSK ultrasound 
for both residents and fellows, leaving few musculo-
skeletal radiologists with specific expertise compared 
to their generally more robust experience in musculo-
skeletal MRI.

One of the biggest challenges for radiologists with-
out formal training in MSK ultrasound is the lack of 
anatomic orientation when interpreting MSK ultra-
sound. The field of view can be narrow with few 
recognizable anatomical landmarks, a limitation that 
can undermine confidence with MSK ultrasound diag-
nosis. New commercially available fusion ultrasound 
technology (vendors include but are not limited to 
Hitachi, Toshiba, Siemens, Philips, General Electric) 
offers a potential solution for these issues and may 
also provide excellent teaching opportunities for MSK 
ultrasound and ultrasound at large. The technology 
uses MRI (or CT) to provide a larger field of view and 
easier identifiable relationships while maintaining the 
benefits of the cost effective, low radiation, and real 
time scan of the ultrasound device. 

FUsING ULtrAsoUNd ANd MrI—How It works
In order to fuse MRI and US images, the patient 
must have had a prior MRI which can be uploaded 
onto the fusion ultrasound machine. This MRI can be 
synchronized with a real time US image. This linkage 

is accomplished by selecting 3 or more easily found 
landmarks on both the MRI and US images and lock-
ing them in the appropriate plane. Once linked, elec-
tromagnetic tracking sensors which can be attached 
to the ultrasound probe send positional data to an RF 
transmitter that is stationed in a fixed location next to 
the patient during the procedure. A GPS-like technol-
ogy sends data back to the fusion US machine from the 
probe. On the US monitor, there will be a side-by-side 
projection of the real time ultrasound image and the 
correlating MRI. As the user moves the ultrasound 
probe, the MRI projection will automatically adjust 
showing the corresponding MR images in any plane 
the US probe is moved.  Studies have shown that 
fusion of ultrasound to computed tomography (CT) 
is accurate, with a mean registration error of 0.3 mm, 
when performing ultrasound-guided injections into 
the sacroiliac joint of cadavers (3,4).

A stUdY deMoNstrAtING beNeFIts oF FUsIoN 
tecHNoLoGY
A recent study carried out by our team, investigated 
whether the fusion of musculoskeletal MRI with their 
correlating ultrasound image would enhance both 
medical school students and/or radiology residents 
ability to identify more anatomy correctly then if just 
given an US image alone [5]. The study did prove that, 
with the addition of a MRI fused with an US image 
compared to the US image alone,  radiology residents 
were able to answer more anatomy questions cor-
rectly (p-value < 0.001). However, the medical school 
students did not benefit from having fused images. 
The conclusion of our study was that the radiology 
residents’ interpretation of the anatomy was enhanced 
by having the correlating MRI projected next to the 
US image.  We theorized that the explanation behind 
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FigUre 1. Ultrasound image of the anterior femoral head on an axial supine 
pelvis (left) fused with a proton density axial MRI image of the hip joint (right).
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these findings was based on the prior 
knowledge of MRI anatomy. This 
allowed the residents to use the fused 
MRI as a beneficial tool when identi-
fying anatomy correctly on the ultra-
sound images. 

 
FUsIoN ULtrAsoUNd’s pLAce IN 
rAdIoLoGY cUrrIcULUM 
Fusing technology offers the poten-
tial to reshape the way ultrasound is 
taught in radiology residency pro-
grams and fellowships (i.e. MSK) both 
during the acquiring image phase 
(scanning) and the interpretation of 
a prior acquired image. A suggested 
ultrasound teaching model could be 
using the fusion US device in sim-
ulation labs. “Normal” MRIs can be 
uploaded on the fusion ultrasound 
machine. Using volunteer subjects, a 
resident or fellow would be able to 
perform fusion ultrasound scans and 
more easily verify their plane, land-
marks and anatomy using the corre-

lating MRI (or CT).  By performing 
these studies in a simulation center, 
they could practice finding landmarks 
and difficult anatomy over and over 
without being bothered by patient 
interference and overall could master 
the US anatomy. After the users have 
become more confident with the rec-
ognition of the ultrasound anatomy 
and landmarks, they could then pro-
ceed to use only the ultrasound device 
(without the assistance of the fusion 
technology) to perform their scans.     

FUsIoN ULtrAsoUNd IN cLINIcAL 
prActIce
There are vast opportunities that are 
afforded by introducing fusion ultra-
sound technology into the clinical 
setting. Galiano showed that having 
CT to verify landmarks on sonograms 
helped when performing facet joint 
and periarticular injections [6]. Avail-
ability of fusion imaging may also 
entice more radiologists to perform 

joint injections and tumor biopsies 
with ultrasound guidance rather than 
CT to guide the procedure [7)].  In 
addition, fusion imaging offers the 
possibility of monitoring chronic dis-
ease with serial ultrasound fused to 
a baseline MRI or CT for anatomy, 
decreasing the high cost and radiation 
exposure associated with repeated CT 
surveillance [8].

coNcLUsIoN 
Radiologist or physicians with exten-
sive training in cross sectional anat-
omy (CT/MRI) may be the greatest 
beneficiaries of this new technology. 
Ultrasound fusion is an exciting new 
imaging technique that has the poten-
tial to reshape attitudes toward MSK 
ultrasound and ultrasound in general, 
but more research is needed in order 
to assess its full utility. This technol-
ogy shows promise as an important 
teaching tool that may help radiology 
residents and fellows use their emerg-
ing knowledge of other cross sectional 
modalities to attain confidence and 
accuracy as they approach difficult 
ultrasound anatomy like MSK.
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FigUre 2. Ultrasound image of the posterior shoulder in prone positioning in the axial plane visualizing 
the spinoglenoid groove (left) with a correlating axial proton-density MRI image of the shoulder joint (right)

FigUre 3. Ultrasound image in the axial plane of the posterior hip region visualizing the gluteus maximus 
muscle (left) with a correlating MRI image of the posterior pelvis


