INVITED COMMENTARY

Anatomic Standardization, Although
Controversial, Finds Yet Another Application

A function is minimized, and an algorith-  Another important difference is that
natomic standardization appearsnic difference lies in whether a nonlin-the true solution exists for registration
to be a universal trend. It was originallyear or rigid-body transformation is usedbut not for anatomic standardization.
used to localize activation foci in PET Even a non-rigid-body transformationFor a pixel in a brain image, in prin-

activation studies. Then it was used thay be used for PET-MRI registrationcip|e there is always a Corresponding
find hypometabolic areas in FDG PETto account for distortion in MRI. An- point (pixel) within every other brain

images. Although the technique is stillother source of confusion is the use ofmage of the same subject, although
controversial for the human brain, esperegistration as part of some anatomiginding it or demonstrating that it is the

cially regarding use for patients, in thisstandardization processes. Howevepoint may not be easy. However, no
issue ofThe Journal of Nuclear Medi- 5ne should understand clearl '

cine Cross et al. J) have applied a ,

y that thesgingle true solution exists for anatomic
rocesses are conceptually differen izati i iteri
standardization technigue called 3-di- P ptually Standardization. No universal criteria

, ; ) Registration is an analysis of anay; ini i
mensional stereotactic surface projec: g Y exist for determining that a certain

k X individual subject. The purpose is tOnqint i - i -
tions (SSP) to images of the cerebral » ine the subject from various as—pOInt in the brain of a subject comve

metabolic rate for glucose (CMRgIc) _ sponds to a certain point in another
of the monkey brain. pects, such as morphology (using MR yiect. Every brain is different from

and CT), blood flow, and metabolism. 4 other hoth morphologically and func-
ANATOMIC STANDARDIZATION For example, registration is used 1Qjona)ly. The gyral pattern is known to

VERSUS REGISTRATION examine the topographic relationshi,q 1q5|0gically different between sub-

between the gyri, a mass lesion, - . VR
Let me first clarify the difference 9y Jects 6). Functional differentiation is

. o viable tumor, and the elogquent corte : ;
between anatomic standardization (IS, aa1ed as activation foch On the "also different between subjects, even
called spatial normalization) and regis- ' when it is tracked down to the neural

N other hand, anatomic standardizatio . .
tration in the narrow sense of the word Metwork at the microscopic level. Oth-

(Table 1). Anatomic standardization isanalyzes subjectgroups,forwmchmdrerwise, everybody would think and

; vidual variations are treated statisti- .
a technique to transform the brain - . behave in exactly the same way as
ally. In fact, statistical parametric map- ;
) everybody else. Therefore, no univer-

im f h ject int tandar S

ages ot eac sul_ajec Into a sta da 8|ng (SPM) @), which is the most o .

brain, whereas registration matches a o . sal criteria can determine that a method
opular method of standardization, is

image to another, usually of a different’ of anatomic standardization is superior

modality or tracer, of the same Subjedncorporated ina package together with

through a rigid-body transformation software for statistical analysis. SPM© another. Determining which method
(i.e., 3-dimensional shift and rotation).

has been used to reveal which parts dft u?jei/StAd\?greigt?/So?nmtgtiop;srpa?rzea(\)/;;he
; e brain defined in the atlas are signifi- ' )

Some people may misunderstand th antly activated by a task for a roS ofble for anatomic standardization, and
techniques as similar processes. This €Y y groupole o, < ceveral versions and ontions
i .- -»Subjects. Recently, SPM was also used P '

partly because the term “registration X X ' ' Manv investigators refuse to appl

is also used in a broad sense as intersuff find out which parts of the brain have y gators T bpY
. . . " 2 signifi i i g@natomic standardization to patients
ject registration, to represent anatomi@ significant difference in cerebral bloo A fenti ) "
standardization, and partly because thioW (CBF) between healthy volunteers ecause every patent Is unique, evenl

same computer algorithm can be use@Nd patients with Parkinson’s diseasd® Or she has the same disease as
for both processes and, therefore, man{f)- One may argue that the examina2nother patient. Meanwhile, many other
software packages support both. Ifion of a patient image in the standardinvestigators are willing to apply stan-
fact, both processes transform an imized coordinate system to detect pixe|§iar.d|zat|on. Some argue that morpho-
age to match another so that a cosibove or below the normal range aplogically normal patients can be stan-
pears to be an individual analysisdardized. Using the utmost caution

o However, this is really an analysis of awhen standardizing patients is reason-
20R§888/ed Mar. 17, 2000; revision accepted Apr. group, because the patient is Compareab|e_ However, rejecting standardiza-

For co.rrespon'dence or reprints contact: Michio with a group of healthy volunteers andtion totally is theoretic extremism. In

Senda, MD, Positron Medical Center, Tokyo Metro- - the regylt depends on the selection ofact, region-of-interest analysis, which

politan Institute of Gerontology, 35-2 Sakaecho, .
Itabashi, Tokyo 173-0015 Japan. the volunteers. has been performed for decades, is
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TABLE 1
Conceptual Difference Between Anatomic Standardization and Registration

Parameter Anatomic standardization* Registrationt

Materials Images of different subjects Images of same subject
Same modality or tracer Same or different modality or tracer

Transformation Nonlinear in general Rigid body
Standard brain To be used Not to be used
Atlas Applicable and available Not essential, only used as a reference
Solution No single true solution Single true solution exists
Study subject Population Individual
Analysis Statistical analysis Multilateral examination

*Also called spatial normalization.
TIn the narrow sense.

regarded as a sort of manual standaraentiation: the precentral sulcus of lother words, the response of CBF to a

ization with strong smoothing. subject functionally corresponds to thestimulus was being evaluated (type A).

precentral sulcus of another subjectAnatomic standardization is now also
LANDMARKS VERSUS ACTIVITY This correspondence is not always trueused to compare the distribution of
DISTRIBUTION Furthermore, intersubject variation inCBF (or radioactivity) itself between

Standardization methods are classiCBF images standardized with the hugroups or to examine its correlation
fied into 2 major approaches. In theman brain atlas was surprisingly largewith external variables (e.g., age) (type
first approach, the brain of each subjecat the edge of gray matter, probablyB). These 2 types of statistical analysis
is transformed so that the landmark®ecause of an inconsistent relationshigsummarized in the Appendix) are es-
match those in the standard brainbetween landmarks and CBF distribusentially different in handling the inter-
whereas in the second approach it is thBon as well as an error in PET-MRI subject mismatch in CBF. In type A,
radioactivity distribution (or CBF or registration g). the individual variation in CBF is re-
CMRglc) that one attempts to match. When the activity distribution is to moved as the subject effect, whereas in
The former includes the human brairPe matched to the template, activity igype B, the individual difference in
atlas @), which uses morphologic infor- assumed to represent anatomy. Minimigresting) CBF is the target of analysis.
mation provided by PET-registeredzation ofintersubjectvariationsinactiv- The greatest caution should be used
MRI. The latter includes SPM of vari- ity in subsequent statistical analyses isvhen the activity distribution is com-
ous versions and option8)(and the the objective and is beneficial for PETpared between subject groups (type B
so-called Michigan method developecctivation analyses8]. Because no designs) if the images have been stan-
by Minoshima et al. 7). It is noted that landmark information is used, morpho-dardized by matching the activity distri-
this classification represents 2 aplogic matching is notguaranteed. Therebution (i.e., with SPM or Michigan),
proaches to the goal, and the Michigariore, application to patients requiresbecause intersubject differences would
method also adopts a landmark matchextra caution because incorrect distordisappear under complete standardiza-
ing process for the bicommissural linetion may occur for subjects with antion. In other words, if an area is found

This classification reflects the inher-abnormal activity distribution even if to have decreased activity in a standard-
ent difference in the philosophy ofnormal morphology is maintained. In-ized subject image, pathologic hypoac-
standardization. When landmarks suckerestingly, the major sulci of all but ativity cannot be differentiated from
as contour and sulci are matched, moifew healthy volunteers were mapped toancomplete standardization. This is
phologically corresponding pixels from Similar positions by version SPM95 ofan essential contradiction of using a
each subject are compared and avefPM, which did not use any landmarksingle set of information both for ana-

aged in a way that is a natural extensiofnformation Q). tomic standardization and for statistical
of drawing regions of interest by visual comparison.

inspection. Accordingly, the standard-RESPONSE TO STIMULI VERSUS

ization may be somewhat valid for RESTING VALUE VOLUME IMAGE VERSUS

patients with morphologic derange- Anatomic standardization was ini- SURFACE PROJECTION

ment if the landmarks are accurateltially used to detect significant activa- Minoshima et al. 10) developed a
extracted and matched. When PET actiion foci in PET activation studies, in method of projecting the cortical activ-
vation data are standardized in thisvhich the statistical significance of theity (or CBF or CMRglc) visualized in a
manner, however, morphology is asdifference in CBF (or radioactivity) 3-dimensional volume image onto the
sumed to govern the functional differ-between 2 conditions was tested. Irbrain surface to create a surface repre-
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sentation of the cortical activity distri-  Surface projection causes substantidished nor tested by many investiga-
bution. This method has been comioss of spatial resolution from the origi- tors. Because anatomic standardization
bined with the previously developednal volume image. This issue is notis already controversial for human
Michigan standardization method, andmportant as far as the cortex is conbrains, especially for patients as dis-
the entire process is named 3-dimeneerned. When a set of volume images isussed above, its use on animals will
sional SSP10). Minoshima et al. 11) analyzed as it is (e.g., with SPM),create another matter for controversy.
applied it to FDG PET analysis to find strong smoothing is always performedstill unknown is the extent to which the
hypometabolic areas in patients withbefore statistical analysis to reducepixelwise statistical significance ob-
early Alzheimer’s disease. intersubject mismatch, making the resotained with this type of study can
Anatomic standardization by 3-di- lution far lower than that of the original contribute to neuroscience research on
mensional SSP is a combination ofimages. Loss of spatial information,monkeys. Because anatomic standard-
volume image standardization and surbeing heavier in sulcal areas than irization is subject to error by morpho-
face projection. The effects of bothgyral areas, is uneven in 3-dimensionalogic derangement, application will be
parts should be considered when anpSP. However, uneven smoothing oclimited to healthy animals or to those in
results regarding the method are discurs in the course of nonlinear standardthe early degenerative state. This limi-
cussed. Investigators who compare 3-dization on volume images, whethertation will be a drawback, because the
mensional SSP with SPM, for example SPM or 3-dimensional SSP. availability of many animal disease
should remember that SPM does not models is a major reason for the raising
have the second part of 3-dimensionaAPPLICATION TO MONKEY BRAIN and use of animals for experiments.
SSP. Nonhuman primates have been a ANOther potential use for anatomic
Practically, surface projection hastarget of neuroscience research bexandardization of animal brains lies in
the advantage of erasing the radiagause the organization of their brains i4n€ field of veterinary medicine. Just as
mismatch between subjects in radioacgloser, both morphologically and func-tN€ Standardized brain image of an
thlty distribution, which remains after tiona”y’ to that of the human brain thanln'dl\”dual human patlent' IS Comp'arEd
standardization on volume imagesis that of the brains of other animals. OfVith the normal range pixel by pixel,
Because of the partial-volume effectihe primates, macaques are the mo&fe Standardized image of an animal
the activity distribution within the extensively studied, using techniqueatient may be compared with a normal
cortical rim of healthy volunteers re- thatinclude histochemical staining, neu9"0UP for automated diagnosis. Appli-
flects the distribution of gray matter roanatomic tracing, single-cell record-cation of nuclear medicine to veteri-
more than that of radioactivity pering, optical imaging, and autoradiogra-""Y medicine for the diagnosis and
milliliter of gray matter. Therefore, phy. These investigations are ofte reatment of diseases in hO.USG pets,
surface projection erases the mismatcbombined with behavioral studies of'2cehorses, endangered species, clones,
in gray matter distribution in the radial awake animals. Accordingly, PET mea-'ar']d Other Iaboratory.anlmals. IS a prom-
direction. Surface projection is alsosurement of the regional distribution ofiSiN9 field, and so is veterinary PET
beneficial in reducing data size andradioactivity (or CBF or CMRglc) and (16)- In aged dogs, the presentation of
forming an explanatory display forits age-related changes has become SiNS similar to human dementia is a
nonprofessionals. matter of interesti3), as has localiza- matter of S|gn|f|cance_ for the owners as
The surface projection loses information of task-related activation foci us-Well as for neuroscience _researghers
tion about radial profiles within the ing the PET-activation techniqua4). (17- Although limited to animals with
cortical rim and deep structures. SurTo facilitate identification of anatomic m|n|ma! morpholqg|c_ deranggmen_t,
face projection is based on the notiorareas on the images, a stereotactic ati&9tomic standardization may, if vali-
that the cerebral cortex is essentially dias been created ). Cross et al.7) dated for each species and subspecies,
2-dimensional sheet of laminar struchave created a standard template of tH Useful for the clinical or preclinical
ture bent and folded in 3-dimensionaimacaque brain and transformed eacfiagnosis of brain disorders in such
space and that, therefore, the radiaubject's image onto the template@Mmals.
profile information is trivial. This no- thereby exploring the possibility of
tion may be true for gyral areas but nopixelwise statistical analysis by inter-CONCLUSION
for sulcal areas. On an area covering aubject averaging. As a result, they Anatomic standardization is coupled
sulcus, the algorithm of 3-dimensionalhave found age-related changes in reo statistical analysis on groups and is a
SSP projects the maximum activitygional CMRglc. Because the macaqueoncept totally different from registra-
inside the sulcus. To strictly realize thebrain is of a different shape from thetion. No single method is best, and the
notion of a 2-dimensional sheet, sulchuman brain, they modified the 3-di-choice of method depends on the pur-
must be unfolded or flattened, requir-mensional SSP software. pose of the study. In general, applica-
ing far higher resolution than PET Application of anatomic standardiza-tion to patients should proceed with the
images provide, and being applicabldion to animal brains has just begunutmost caution. Standardization meth-
only to MRI (12). and its validity has been neither estabeds are classified into 2 approaches:
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matching landmarks or matching activ-edly under different conditions ( j) (e.g.,
ity distribution. The latter requires cau-rest and task) for each subject (i), and5
tion if the activity itself is to be compared determine whether a significant correla-
between subject groups. The surface prdion exists between age and task-
jection technique reduces intersubject mignduced CBF increase:

match and may be appropriate forcompar- Y = U + o + B; + vX + €, Hg:

ing activity distribution in the cortex. vy = 0.
Surface projection has recently been ap- Type B designs do not contain a subject

plied to the macaque brain but is yet offfect. The statistical significance of the 7

undetermined usefulness.

Michio Senda

main effect of a factor, within which the
subject is nested, is tested.

B1l. Classify subjects into groups 8.

Tokyo Metropolitan Institute (K(i)), acquire a CBF (Y) image for
of Gerontology each subject (i), and determine whether

Tokyo, Japan g significant difference in CBF exists o.

APPENDIX

Two Statistical Designs for
Intersubject Averaging Analysis on
Standardized Images

Type A designs contain a subjec
effect, and the statistical significance o
another effect is tested.

Al. Acquire CBF (Y) images repeat-
edly under different conditions (j) (e.g.,

between the groups:

Yi:u+8k+E,H0:8:0. 10
B2. Using subjects of various ages

(x(i)), acquire a CBF (Y) image for

each subject (i), and determine whether

a significant correlation exists betweerh
ge and CBF:

Yi =M+ X +¢€, Hy: = 0.
Note.CBF may be replaced by radio—12

activity or CMRglc.

e: error term. H: null hypothesis.

rest and task) for each subject (i) and Regional values are assumed to be

determine whether a significant difference, ; malized by the global or reference'®

in CBF exists between the conditions (i.€ 4isg e value.

discover a task-induced increase):
Yij=H+a+B+e€Hrp=0.
A2. Classify subjects into groups
(k(i)), acquire CBF (Y) images repeat-
edly under different conditions ( j) (e.g.,
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