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Acquisition of multiparamatric images in multiple 
planes often requires unacceptably Iong scanning 
times. The ability to display high quality planar cuts 
in arbitrary planes from single plana (eg, transaxial, 
coronal, or sagittal plane) images would alleviate the 
need to acquire images in multiple planes. The need 
to display data from three-dimensional volume acqui- 
sitions also posas a problem to the radiologist. We 
have developed ah interactive multidimensional dis- 
play tool for magnetic resonance data. The tool 
presents three orthogonal planes {such as transaxial, 
coronal, and sagittai) simultaneously and allows the 
usar to interactively roam through the data set. The 
usar can select any arbitrary oblique plane and obtain 
the corresponding reformations. Additionally the 
tool allows the correlated display of sets of differ- 
ently acquired data. This tool offers ah effective 
means for the disptau of isotropic data and reformat- 
ted planar data. The ability to interact directly with 
the data allows increased transference of informa- 
tion to the radiologist and referring physician. 
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M A G N E T I C  R E S O N A N C E  imaging 
(MRI) has become an increasingly impor- 

tant diagnostic tool for the radiologist and refer- 
ring physician. The ability to apply differing 
pulse sequences allows the acquisition of images 
that are specifically tailored toward a specific 
diagnostic probtem. 1 Additionally, the abitity to 
scan directly in any plane (le coronal, oblique, 
etc) allows for a better understanding of struc- 
tures that are not well displayed in a conventional 
transaxial slice. 2 A newer technique, volume 
acquisition, 4 promises to produce data with un- 
precedented resolution in all directions (ah isotro- 
pic dataset). This should allow for increased 
understanding of three dimensional structures 
that wander in and out of imaging planes. 

Unfortunatety, the ability to acquire data 
directly in any plane does not always offer all of 
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the flexibility it appears to. One cannot reatisti- 
cally acquire data in all sequences and in all 
planes desired, due in part to considerations 
including long acquisition times and patient 
throughput. 5 By utilizing multiplanar reconstruc- 
tion, one is able to acquire scans in one plane, and 
using the eomputer produce planes oriented 
obliquely to the original scanning plane. 6 We 
have developed a program termed "OrthoTool" 
that simultaneously displays the original ac- 
quired plane, as well as the reformatted planes 
perpendicular to the scanning plane. This tool 
has been used very successfully with computed 
tomography (CT) data] The user can roam 
interactively through the volume of data in any 
planeas well as interactively select and generate 
any oblique plane desired. 

OrthoTool is ideal for the disptay of isotropie 
volume acquisitions. The user can interactively 
roam through the entire dataset with all planes 
simultaneously displayed. A similar display of an 
isotropic dataset on film would be incredibly 
bulky and awkward. The OrthoTool display 
offers ah effective and efficient means of commu- 
nicating the information to the user. 

This paper presents the technical aspects of 
multiplanar presentation of MR data, as well as 
a number of patient studies that illustrate the 
utility of this tool, Typically, these images ate 
viewed interactively on the imaging system, or 
placed on videotape for later review. We find that 
this interactive format helps the user understand 
complex anatomic and pathologie data. The 
paper attempts to capture in print the interactive 
nature of OrthoTool of MRI data. 

TECHNIQUE 

The first step in the display process is to 
transfer the data from the MR scanner to the 
freestanding imaging system. The data was ob- 
tained on either a GE (General Electric Medical 
Systems, Milwaukee, WI) 1.5T Signa System or 
a Siemens (Siemens Medical Systems, Iselin, 
N J) Magnetom 2T system. The free standing 
imaging system used in our work eonsists of a 
Sun 3/160 or 4/280 Workstation (Sun Microsys- 
tetas, Mountain View, CA) with an attached 
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PIXAR image computer (PIXAR, San Rafael, 
CA). The PIXAR image computer is a high- 
speed graphics accelerator. The PIXAR is used 
to handle all of the image processing and image 
display tasks. The PIXAR system used consists 
of 4 parallel processors and 24 Mbytes of image 
display memory. 

The data is transferred to the imaging system 
via magnetic tape. During the transferring pro- 
cess, the volume of data is interpolated to pro- 
duce volume elements (voxels) with equal dimen- 
sions in all directions (isotropic). The interpolation 
process is done on the PIXAR. The voxel resizing 
is implemented by use of a bicubic interpolation 
using a Catmull-Rom basis function. The bicubic 
interpolation uses four adjacent pixels to produce 
each interpolated value. (A linear interpolation 
uses only two adjacent pixels for each interpo- 
lated value.) If the scanned volume was obtained 
with an isotropic volume acquisition, this interpo- 
lation is unnecessary, because the voxels already 
have equal dimensions in all directions. The 
interpolated dataset as well as the original data 
are then saved to the system hard disk. 

Once that data is saved, the OrthoTool pro- 
gram is started, it begins by loading the image 
volume(s) into the PIXAR's main memory. The 
program then displays a transaxial, coronal, and 

sagittal section of the volume on the image 
monitor screen. Corresponding three dimen- 
sional images of the volume are created for use as 
orientation guides in the upper right quarter of 
the display (Fig 2A). The user is presented with 
the user interface screen on the Sun workstation 
display shown in Fig 1. By positioning the mouse 
cursor on any one of the sections (transaxial, 
coronal, etc) and clicking the left or right mouse 
buttons, the user can roam through the data one 
image at a time. If the mouse button is held down 
the user rapidly advances through the data. The 
user can arbitrarily roam through any of the 
three displayed planes of data. To select an 
oblique slice (nontransaxial, coronal of sagittal) 
the user simply draws a line on any one of the 
display planes. The oblique button is then pressed 
and the entire volume is rotated so that the 
speci¡ plane is displayed. The other two planes 
displayed ate mutually orthogonal to the speci- 
fied plane (Fig 4 A and B). The oblique transfor- 
mation process takes approximately ten seconds. 
The user can also make linear and angular 
measurements on any of the planes (Fig 2 A). 

The OrthoTool program can also display mul- 
tiple spatially correlated sequences of the same 
patient. For example a multiple echo study may 
be acquired such that two datasets are pro- 

Pras,%s: ~Hxgh wldLh/l.v.ln5one only ~Jim's preset ~I=utcl, arM ~~% 
~A ~amma se%%In 8 fa mlddla seLLing ~shadows ~Da.m~ 

Wldth: [1024] 1 ~ [ ~  ] 409S 
L.~~I: [0] - I 0 2 ~ ~  ] ;o2a 
Gamma: I"~Jlo.£ I"~0.7 I--~0.9 ~ 1 , 0  r~ l ,3  ~ 1 , 5  ~ 1  ? I'f12.0 I'~2.3 I--v'~2,S ~ 2 , 7  r~13,o 

[ransaxial lOr~hoTool 

Coro~al S~~ittal 

Fig 1. The user interface 
$creen for OrthoTool. The con- 
trols in the upper right of the 
large window are used to ma- 
nipulate the volume. The blank 
atea around the controls Is used 
for roving the cursor. The con- 
trol window at top i$ used to 
manipulate window width and 
levcl, 



256 NEY, FISHMAN, AND DICKENS 

Ÿ  ~ ~  t.,�91 ,. ~..~ 
_~~ ,..~ ,,4.,. ~_ ~ i ~ .  . t' ,' , ~' 

~ ,~,,,~." 
~, 

-~,~.~ ' .;#i,'~ ~~' 

i 

~~~~ - -  , ~ ~:!'.!. . 

�9 ~ , ~ ~ . ,  ;d-" ,.  �91 

,t..q 9 3~,rr 

@ 

~.. ~ .~~: 
~ ~ ~ ,  u~, 

i 

- - -  i " ~ % "  ( ' 

, @ 

i ~ ~  2 ' ". '~,~~ 

,;" :,M. 
~*~  ~ ,~ ~~~, 

i Z 

Fig 2. {A) Imaoes f rom a 
FLASH volume acquislt ion of a 
normal brain. Transaxial .  coro- 
nal. snd sagittal sections are 
displayed, Note the l inear mea- 
surement o f  ventr |cular depth. 
The irnages in the upper r ight 
efe three dimensionel projer 
t ion imagea of  the volume used 
for  or ientet [on purpoees. (B) 
Displey of a rb i t ra ry  obl ique 
slicea through the optic nerve 
(errow). The user can roam 
through these ob|ique sections 
interactively. 

duced--a sequence with parameters of echo- 
delay time (TE)/pulse-repition interval (TR) 
20/2000 and TE/TR 80/2000 milliseconds. 
These sequences can be simultaneously dis- 
played, s'9 Typically, each sequence is assigned a 
certain color mapping so that when combined, a 
super image shows both sequences such that easy 
correlation can be made between the sequences. 
Currently, memory limitations allow only three 
sequences to be displayed, and arbitrary oblique 
selection cannot be made. The addition of 12 

Mbytes of memory woutd allow for the display of 
up to six sequences and arbitrary oblique section- 
ing. 

When two sequences are displayed, one se- 
quence is mapped to red plus half green (light 
yellow) while the other sequence is mapped to 
blue plus half green (aquamarine). When eom- 
bined, areas in the image that have equal values 
for each sequence will appear as varying intensi- 
ties of white. Unequal areas will be displayed as 
colored areas. When three sequences ate dis- 
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Fig 3. Correlated display of multiple sequences acquired of a normal brain. Three sequences are displayed: a T1, a T2, and 
a apin density weighted sequenr The T1 sequence is assigned red, the spin density to green and the T2 to blue. Imagea were 
acquired in the transaxial plane and reformatted to produce the coronel and segittal planes. 

played, one image is mapped to red, one mapped 
to green, and one mapped to blue. When these 
images are overlaid, equal areas in all three 
sequences are displayed as varying shades of 
white. Unequal atea is eolored appropriate to the 
different values of a voxel in each of the three 
sequences. 

Due to the limited amount of memory avail- 
able on the system, when multiple sequences ate 
displayed, the uninterpolated data (with unequal 
dimension of each side of a voxel) is loaded into 
image memory. During the display of one given 
plane from the volume, the image is resized using 
a linear interpolation to obtain the correct aspect 
ratio. The displayed image will appear the same 
as if the interpolated data were used. The use of 
the uninterpolated data allows the display of 
larger volumes and more sequences than the use 
of the interpolated volumes. 

For clinical use, the OrthoTool image display 
is videotaped on 3/4 in or VHS tape as the user 
roams the dataset. This videotape can then be 

sent to the referring physician. This makes fora 
cost effective, convenient method of transference 
of information. In some cases the referring physi- 
cians will come to the system to view the images 
directly. Additionally, a multiformat camera can 
be used to make prints of the OrthoTool display. 

CASE STUDIES 

Case l 

The first case is a volume acquisition of a normal brain. 
The seans were aequired on a Siemens Magnetom 2T seanner 
with a Flash 40 protocol. Parameters were TR of 0.04 
milliseconds, TE 5.0 milliseeonds, produeing 116 sagittal 
sliees (256 • 256). The data was transferred to the imaging 
system and displayed using OrthoTool. Fig 2 A shows repre- 
sentative images obtained by roaming through the volume. 
Fig 2 B shows ah arbitrary oblique eut through the optie 
nerve. Note the high quality of the resulting images. 

Case 2 

TI, T2, and spin-density-weighted images of a normal 
brain wcre acquired, lmages were obtained on a GE Signa 
1.5T system. Parameters for the Tl-weighted study werc TE 
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30 milliseconds, TR 600 mi]liseoonds. Parameters for the 
T2-wcightr study were TE 80 milliseconds, TR 2,500 
mii]iscconds. Paramr for the spin-density-weightcd study 
wr TE 30 miLliseconds, TR 2,500 millisr All sliccs 
wcrc S mm thick with a rr of 256 • 128, and wcrr 
acquire_,d in an interteaved fashion such that contiguous slices 
resulted. The imagr wr162 then colored so that the Ti-  
wr scans were assigned red, the spin-dr 
scans assJgned grer and the T2-wr scans assigned 
blue. Fig 3 i]lustrates this case. The abiLity to show the threc 
se, qucnce~ in ah overlapping fashion allows the physician to 
directly corrclatc findin•s from the three scquenccs. This 

i_ ,! 
Fig 4. (A) Images from a 

gradient refocusing aequiaition 
of the normal knee. Vessels ara 
sean clearly in these imagea. 
The lino shows the selection of 
ah arbitrary oblique slice dis- 
played in Fig 48. (B) An oblique 
section through the knee illus- 
tratlng the popliteal artery and 
vein. The abiiity to interactively 
select ah oblique plana allows 
for the optimal display of out-of- 
plano structures. 

dircct correlation has obvious bencfits over mental corrclation 
of thrr162 imagr displayr sidr by sidr The display of 
overlappr images can allow for better visualization of small 
signal variation from one pulsc sequr to anothr Small 
features aro much hardcr to corrclatr mcntally, and so can be 
enhanced by computcr aided overlap of images. 

Case 3 
(]radient refocusing images wr obtainr of a normal 

kncc. The study was acquirr on a GE Signa 1.ST scannr 
Paramr werr FOV 20 cm (256 x 256), TR 67 ras, TE 
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Fig 5. Three dimensional 
image of the surface of the 
brain. Images were generated 
using the volumetric rendering 
technique. Images are from the 
data shown in case 1. 

15 ras, and flow compensation. The sliees were 3 mm thick. 
This sequence enhanees blood flow. The line drawn on the 
sagittal image (Fig 4 A) shows selection of ah oblique slice 
through the popliteal artery and vein. The ability to choose 
arbitrary oblique planes allows the display of vessels that do 
not lie in a standard imaging plane. Fig 4 A and 4B illustrate 
the case. 

DISCUSSlON 

The method of display of MRI data is an 
important consideration in any clinical depart- 
ment. Although display of acquired slices on film 
is an effective means for diagnosis, other tech- 
niques offer increased ability for display of out of 
plane structures and communication of results to 
the referring physician. Additionally, the display 
of volume acquisitions on film tends to be un- 
wieldy as well as incomplete. Conventional dis- 
plays cannot effectively display multiple corre- 
lated sequences. The OrthoTool displays 
computed multiplanar reformations of the origi- 
nal planar slices. It allows the overlapping dis- 
play of multiple correlated sequences. It is ideal 
for the interactive display of volume acquisitions. 
The OrthoTool also gives the user the opportu- 
nity to interactively select oblique planes which 
best show the structures of interest. 

Future developments to the OrthoTool pro- 
gram will allow for the correlated display of MRI 

data with other modalities such as CT, position- 
emission tomography (PET), and single photon 
emission computer tomography.l~ This correla- 
tion will form a "super modality" that should 
offer increased information for oncologic study 
and other diseases. 3D imaging of MRI data is 
also possible using volumetrie rendering. 12"14 Fig- 
ure 5 shows 3D images of the study illustrated in 
case one. 3D imaging used in conjunction with 
multiplanar imaging should aid in clinical man- 
agement of complex cases. Some studies have 
shown that by mapping functional images such 
as PET onto the 3D images allows for very 
accurate presurgical planning. The images also 
have potential application in many research ar- 
eas. The detail of the sulcal and gyral anatomy 
allows the localization of functional areas of the 
brain from MRI data. We feel that the display of 
planar slices together with 3D images forms an 
ideal clinical study with the maximal amount of 
information transmitted to the clinician. 

CONCLUSlON 

The OrthoTool is ideal for the display of MRI 
data. The display of high-quality multiplanar 
reconstruction potentially will result in a reduced 
need for a large number of studies acquired in 
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different planes for a particular case. With the 
high cost of MR imaging equipment, cost effee- 
tive imaging is becoming of even greater impor- 
tance. Furthermore, the display of volume acqui- 
sitions can be done effectively only with a tool 
such as OrthoTool. Effective communication of 
imaging data to the user is ah important part of 

the imaging process. Using OrthoTool with MRI 
data facilitates this communieation. 
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