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Introduction

MR imaging is an important component 
of musculoskeletal (MSK) imaging. With 
new developments in RF coils, high-field 
magnets and new techniques like carti-
lage mapping, MSK imaging is getting 
better.
For the low-field systems (0.2T) Water 
Excitation (WE) has proven to be very 
beneficial. This article will give the reader 
an insight into advantages and limita-
tions of the water excitation technique 
on a 0.2T system.

Importance of fat suppression 

While investigating shoulder joint pain, 
WE demonstrates the inferior acromial 
spur causing the impingement much bet-
ter than the T2-weighted images due to 
suppression of bone marrow fat signal 
(Fig. 1).
Fat suppression also offers better con-
trast-to-noise ratio, which enables better 
detection of marrow lesions and facili-
tates post-contrast imaging. Also fat sup-
pressed images show fewer artifacts as 
chemical shift artifacts decrease with fat 
suppression. 
There are three basic techniques of fat 
suppression: (1) spectral fat suppression 
technique, also known as fat sat, (2) in-
version recovery technique or STIR, and 
(3) water excitation technique or WE.

Low fi eld fat saturation

Fat-water frequency (3.3 ppm) is too 
narrow (28 Hz) at low field compared to 
1.5T systems (200 Hz), which makes fat 
suppression difficult at low field strength. 
Post-contrast T1-weighted fat suppressed 
imaging is a challenge on 0.2T systems 
and in that context the water excitation 
technique is clinically relevant.
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(A) T2-weighted coronal image in a case of impingement. 
(B) WE image shows the inferior acromial spur much better.
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Shows water and fat net magnetization after the (1-2-1) binomial pulse that is used in 
the WE technique. Note that fat net magnetization remains parallel to the main magnetic 
field and hence does not contribute to any signal resulting in fat suppressed images.

Courtesy of Willhem Horger, Siemens Medical Solutions, Erlangen, Germany.
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Principle of Water Excitation 

Water Excitation utilizes binomial excita-
tion pulses which effect only water pro-
tons leaving fat protons almost unexcited. 
At the end of the binomial pulse, the wa-
ter net magnetization is rotated into the 
transverse plane (producing signal) while 
the fat net magnetization remains paral-
lel to the main magnetic field, producing 
no signal. Fig. 2 shows water and fat net 
magnetization after the (1-2-1) binomial 
pulse that is used in the WE technique. 
Note that fat net magnetization remains 
parallel to the main magnetic field and 
hence does not contribute to any signal 
resulting in fat suppressed images.

Benefi ts of Water Excitation

1. WE is faster than STIR and allows more 
anatomical coverage. WE allows shorter 
TR and therefore shorter scan time as 
compared to STIR (Fig. 3).
2. WE offers better contrast-to-noise 
ratio, which enables better detection of 
lesions (Figs. 4 and 5). WE is of great util-
ity in knee MRI where diagnosis of menis-
cal injury is in doubt. Better delineation 
of signal abnormality with WE 
increases the confidence level of diagnos-
ing meniscal tear.
3. Post-contrast imaging: Post-contrast 
T1-weighted fat suppressed imaging is a 
challenge on 0.2T systems and in that 
context the Water Excitation technique is 
clinically relevant (Figs. 6, 7 and 8).

How do we perform WE on our 
MAGNETOM Concerto? 

The prerequisite for obtaining water exci-
tation images is performing multiple 
frequency offsets, for example -10 Hz,
 -5 Hz, 0 Hz, 5 Hz, 10 Hz, 15 Hz. The ideal 
frequency offset is the one which shows 
darkest marrow signal and relatively 
bright signal of the cartilage. The actual 
procedure is as follows:
1. After registration and positioning of 
the patient in the appropriate coil, acti-
vate the exam-card. syngo MR user inter-
face is easy to use and helps transfer 
the measurement program in the exam 
queue with a single mouse-click. The 
localizer runs automatically and the first 
trial protocol opens up for positioning 
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Comparison of STIR and WE techniques. (A) STIR sequence, 
TR 3390 ms, 13 slices, 4 mm thick, TA 8:54 min. (B) WE, TR 33 ms, 
22 partitions, 4 mm thick, TA 4:47 min.
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Abnormality in the posterior horn of medial meniscus is difficult 
to characterize in A (T2-weighted sagittal image). B (WE) optimally 
demonstrates the tear in the posterior horn of medial meniscus.

4

Inferior labral tear is not well appreciated in A (T2-weighted 
coronal image) but is well demonstrated in B (WE).

5 Marrow abnormality in the proximal end of the humerus is diffuse in 
A (T1-weighted coronal image). B (WE) depicts the aggressive nature 
of the lesion which turned out to be Osteosarcoma at surgery.
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the volume to be scanned. The intuitive 
software copies the position, orientation 
and extend of slice group via copy refer-
ence to the final protocols.
2. After automatic adjustments, trial 
measurements 22 seconds each run auto-
matically.
3. The entire program is optimized for 
workflow where the measurement queue 
stops with Pause – “check for best…”

4. This is the time when the operator 
needs to find the best frequency offset. 
The ideal frequency offset is the one which 
shows darkest marrow signal and shows 
relatively bright signal of the cartilage.
5. In the sequence card, part 2, the oper-
ator needs to key in the correct offset and 
apply the change (red circle in Fig. 9).
6. The final measurement will complete 
and generate a WE set of images.

Challenges with WE on 0.2T

1. WE is more sensitive to flow artifacts, 
hence these artifacts are exaggerated. 
Appropriate sat bands when positioned 
reduce these artifacts.
2. If the correct frequency offset is not 
selected, fat suppression is not achieved 
and the measurement needs to be re-
peated. 

Conclusion

WE technique is of great value to us at 
low-field especially post-contrast imag-
ing. WE technique provides better cover-
age and is faster than STIR, which is ben-
eficial to patients in acute pain. With WE 
the referring clinicians receive additional 
information to help manage their pa-
tients better.
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Post-contrast enhancement is much better in B (WE) due to fat 
suppression than in A (T1-weighted sagittal image).
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A (T2-weighted sagittal image) shows a focal lesion in 
the spinal canal in the dorsal spine. The enhancement of 
the lesion is much better highlighted in B (WE sagittal, 
post-contrast) than in C (T1-weighted sagittal, post-con-
trast) which turned out to be neural sheath tumor at 
surgery. 
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Showing where the operator needs to key in the correct frequency offset.9
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