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Introduction

Differentimplementationsof the Dixon technique (1) have
been used to quantifiat andwaterin variouspartsof the human
body. In most applicationsthe 3-point Dixon techniquewith B,
correction is preferred over simple suppression methedausef
its robustness in the presence gfihomogeneities (2)t is also
superiorto the saturationtechniquesfrom an SNR standpoint,
offering an equivalent of 2-2.7 signal averages.

More recentlya 2D FSE versionof the Dixon techniquehas
been described (3), wheltewas suggestedhat shifting the acqui-
sition window may be preferred to shifting the RF pulsesyrder
to meet the CPMG criteriorAlthough generallylessrobustthan
the 3-point counterpartthe 2-point Dixon techniquewith phase
unwrapping (4,5) has the advantage of shastantime, andwith
fewer acquisitionsganbe less susceptibleo misregistrationarti-
facts in the fat/water component images.

The purposeof this work is to comparethe 2- and 3-point

Dixon techniques in both RF- and readout (RO)-shifted versibns

the 2D FSE sequenceand to evaluatethe effects of transverse
relaxation on measurement accuracy. Fat (prdesity)fractions
are compared in several regions of the calcaneus (heel bdresy
T,* varies considerably (6).

Theory

Errorsin the measurementf fat fraction when using the 2-
point Dixon technique(RF-shifted) can be approximatedto first
order:
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where F and W are true fractional fatdwater proton densitiest
is half the period of fat-water frequencyseparationand T, and
T,, are T’ of fat and water, respectivellf. the readoutwindow is
shifted instead, Js are replacedith T,*s (1/T,* = 1/T,' + 1/T,).
The following equation holds for the 3-point techniques:
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The measuremengrror for fat fraction, therefore,is the result of
signal loss from fafl,' (or T,*) in the 3-point schemewhile for
the 2-point, the error includescontributionsfrom the water com-
ponent. Equations for water fraction are similaith F's andW's
interchanged.
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Materials and Methods

The 2D FSE sequence was modified to alétier shifting of
the readoutvindow or the refocusingpulses.In the first embodi-
ment, the position of the readoutwindows were allowed to be
shiftedby 0, T and2 1 (T = 2.3ms) from the original Hahn echo
positions (readout-shift)In the secondthe positionsof the 18C°
RF pulseswere shifted such that the Hahn echoesare displaced
relative to the readouts (RF-shift).

Both sequences wewnsedto scanthe right calcaneuf a 35-
year-old male volunteeron a 1.5T GE Signa scannerequipped
with Echospeedgradients (TR/TE=3000/25, ETL=16, FOV=
20cm, 256x256pmm thick). Following 2- or 3-point phaseun-
wrapping,their respectivefat and water componentimageswere
obtainedas describedby Ma, et al (7), andthe fat fractionscom-
puted.

Results and Discussion

Figurel showsthe fat/watercomponentimages, along with
the locations where measurements wasele.Fat fractionsof the
regions are shown in Table 1. Althoutite measuredralueswere
similar betweenboth 3-point Dixon techniques,Table 1 reveals
the potential problems with the 2-point schemes. In regidrese
transverse relaxation time is shdt (andwater) fraction will be
erroneous due to theignal loss incurredduring the dephasingoe-
riod 1. The datashow that in regionswith increasedcancellous
bonedensity,wheresusceptibility effectsreduceT,' (T,*), errors
are increased. Whereas in the RF-shifted sequence, the IGEs
effect, the effect is exacerbatedtire RO-shiftedversionsincethe
loss is caused by,Tdecay. Of particular interest is musclghere
T, (and therefore F) is considerably shorter than TBecauseT '
is relatively long, error is small in the 2-poiRF-shiftedscheme
however,short T,* causesmuch greatererror in the RO-shifted
technique.Due to the averagingeffect amongthe two in-phase
time points (4), andthe lack of cross-contaminatiobetweenthe
two componentgEq.2), both 3-point Dixon techniquesare less
prone to errors and yield similar results.

Fig. 1 Water (left) andfat (right) compnemimagesof the cal-
caneus. (ST=subtalar; Tub=tuber; C=cavum calcanei)

Table 1 Fat fraction measuredvith the 3-point, RF-shiftedFSE
(2™ column), and percentage differences as measured withttae
techniques. Percentages showratumns3-5 arerelativeto col-
umn 2. (RO = readout-shifted)

Fat %] 3pt RO | 2pt RF] 2pt RO

Least dense (C) 83 -03% | -5.4% ]| -7.3%

Medium dense (Tub] 88 -1.4 -6.4 -9.8
Most dense (ST) 86 -0.4 -8.3 -10.3
Muscle 5.5 +0.0 +3.4 +67.7
Conclusion

Two- or three-point Dixortechniquesncorporatednto a 2D
FSE sequencellow rapid computationof fat/water componen
images.However,the two-point scheme particularlyits readout:
shifted version,is proneto significanterrorswhen T,* is short.
Both implementationsof the 3-point technique yielded good
fat/water separation.
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