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ABSTRACT
Regional volumetric and local shape analysis has become of

increasing interest to the neuroimaging community due to the

potential to locate morphological changes. In this paper we

compare three common correspondence methods applied to

two studies of hippocampal shape in schizophrenia: corre-

spondence via deformable registration, spherical harmonics

(SPHARM) and Minimum Description Length (MDL) opti-

mization. These correspondence methods are evaluated in

respect to local statistical shape analysis and structural sub-

division analysis. Results show a non-negligible influence of

the choice of correspondence especially in studies with low

numbers of subjects. The differences are especially striking

in the structural subdivision analysis and hints at a possible

source for the diverging findings in many subdivision stud-

ies. Our comparative study is not meant to be exhaustive, but

rather raises awareness of the issue and shows that assessing

the validity of the correspondence is an important step.
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1. INTRODUCTION

Quantitative brain morphologic assessment is often based on

volumetric changes, as they may explain atrophy or dilation

due to illness. On the other hand, structural changes at spe-

cific locations are not sufficiently reflected. Shape analysis

has thus become of increasing interest to the neuroimaging

community due to its potential to precisely locate morpho-

logical changes between healthy and pathological structures.

A key step in shape analysis involves establishing a cor-

respondence between shape descriptions of different objects.

Unfortunately there is no generally accepted definition for the

correct localized correspondence in biological structures. It

is thus difficult to evaluate different correspondence methods

[1] and current shape analysis studies in technical and medical

literature mainly assume a negligible influence of the choice
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Fig. 1. Schematic view of the proposed analysis.

of correspondence. In contrast to shape modeling[1], no com-

parison studies of correspondence for group difference testing
have been published so far.

Starting with D’Arcy [2] in his ground-breaking book On
Growth and Form, researchers have developed methods for

the assessment of 2D and 3D shape. The proposed methods

focused on landmarks [3], densely sampled Point Distribution

Models (PDM) [4], spherical harmonics (SPHARM) [5], the

SPHARM implied PDM [6, 7], and medial descriptions [8, 9].

Several automatic correspondence approaches have been pro-

posed for PDMs based on geometry [10, 11] and on popula-

tion statistics [12, 13]. Also, shape analysis via template de-

formation was proposed [14, 15] with correspondence mainly

depending on matching and regularization criterions.

In this paper we investigate the influence of 3 selected cor-

respondence methods on local shape and regional subdivision

analysis. These methods are presented in more detail in the

next section, followed by their results in 2 shape studies.

2. MATERIALS AND METHODS

This section describes the methods we applied in our compar-

ison study (see Fig 1). MR images were first segmented using

deformable registration, which establishes the first correspon-

dence. The surfaces are converted into sampled spherical har-

monics (SPHARM-PDM), the second correspondence. Using

this correspondence as initialization, the Minimum Descrip-

tion Length(MDL) correspondence is computed. Our shape
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testing procedure and template-based subdivision is then ap-

plied to all methods. For reasons of clarity, we focus on the

analysis of the right hippocampus. Similar result were ob-

served on the left hippocampus.

Subjects and Image Acquisition: The first study exam-

ines hippocampal morphometry in adolescent schizophrenia

with 15 schizophrenic subjects (age: 15.72y (2.47), gender

m/f: 80%/20%, duration of illness: 2.72y (2.75)) and 17 con-

trol subjects (age 15.88y (2.08), gender m/f: 42%/58%). The

number of samples is low, but such sample sizes are not un-

common in small scale clinical studies. The second study

examines hippocampal morphometry in adult schizophrenia

[6]. 54 schizophrenis subjects (age: 30.1y (11.9), only male)

and 26 healthy control (age: 31.2y (10.7), only male) sub-

jects were analyzed. The groups are matched for age and eth-

nicity. All subjects were scanned on the same 1.5 T scan-

ner and with the same protocol (IR-Prepped SPGR, axial,

0.9375x0.9375x1.5mm3).

Correspondence via Deformable Registration: Our

method for hippocampal segmentation is based on a deformable

registration of a template to each subject’s MRI[15]. The

registration is performed in three steps: intensity normaliza-

tion, manual landmark selection and deformable registration.

Using 26 landmarks, a template hippocampus image is de-

formably registered in a coarse to fine procedure. The de-

formation is then applied to the template’s hippocampus sur-

face. Intra-rater reliability of the resulting volumes was at

0.90. All segmentations were performed by the same, blinded

rater (ME). The resulting correspondence is influenced by the

grayscale image intensities, the hippocampal landmarks and

the shape of the template hippocampus (see Figure 2A). It

is important to note that this correspondence is a volumetric

correspondence rather than a boundary correspondence and

we present an analysis of the boundary correspondence only.

Correspondence via SPHARM-PDM: The SPHARM-

PDM description is a hierarchical, global boundary descrip-

tion that only represents objects of spherical topology ([5]).

A spherical parameterization is computed via optimizing an

equal area mapping of the 3D voxel mesh onto the unit sphere

and minimizing angular distortions. A set of coefficients,

which weight spherical harmonic basis functions, are fitted to

the 3D voxel mesh. Truncating the spherical harmonic series

at different degrees results in representations at different lev-

els of detail. Truncating it at the first degree will result in an

ellipsoid, whose axis are employed for aligning the spherical

parameterizations. The parameterization thus directly defines

the correspondence across different objects (see Figure 2B).

It is evident that the correspondence of objects with rotational

symmetry in the first order ellipsoid is ambiguously defined.

Based on a uniform icosahedron-subdivision of the spheri-

cal parameterization, we obtain a Point Distribution Model

(PDM) at any desired subdivision level.

Correspondence via MDL: Kotcheff [12] and later Davies

[13] proposed to use an optimization process that assigns the

A B C

Fig. 2. A: Template deformation correspondence. B:

SPHARM by parametrization alignment in first order ellip-

soid. C: Optimization of MDL over object population.

best correspondence. Every object’s correspodence in a pop-

ulation is iteratively changed while minimizing a population-

wise metric (see Figure 2C). Davies proposed the use of the

Minimum Description Length (MDL) metric suggesting that

the best correspondences are those that build an optimally

compact statistical Principal Component Analysis shape model

[16]. MDL balances the model complexity, expressed in terms

of the model parameters, against the quality of fit between the

model and the data. The computation of the statistical model

though employs statistical information, which strongly corre-

lates with the covariance information used in our shape testing

procedure. It has thus been suggested that a statistical opti-

mistic bias is introduced when using the same MDL training

population as the testing population. In this paper, the MDL

training population is a set of hippocampi from 20 separate

healthy control subjects acquired with the same scanning and

segmentation protocol (age range: 20-44y).

Local Shape Analysis: As a prerequisite for any shape

analysis, objects have to be normalized with respect to a ref-

erence coordinate frame. This normalization is achieved in

the presented study using the rigid Procrustes[11] alignment

method to an overall mean hippocampus surface and total

brain volume scaling normalization. Both SPHARM and reg-

istration based correspondence is established independent of

the choice of alignment and scale. In contrast, MDL is com-

puted using local surface coordinates and thus depends on a

prior alignment and choice of scale.

The local shape analysis first computes the mean hippocam-

pal surface points for each group, their local differences, as

well as local variability. The differences between the group

mean surfaces are visualized color-coded magnitude and dif-

ference vectors on the combined mean surface (see Figures

3 and 4). The variability is assessed using the covariance el-

lipsoid visualization. The local shape hypothesis testing pro-

cedure then analyzes the multivariate Hotelling T 2 difference

at each location for significance using a non-parametric per-

mutation testing scheme [17, 6]. This results in a raw and

corrected P-value significance maps. The first represents an

optimistic estimate of the real significance, whereas the latter

represents a pessimistic estimate that is guaranteed to control
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Adolescent Study (n=15/15)

P-value Table Regional Subdivision

A head P head Body A tail P tail

Registration 0.049∗ 0.048∗ 0.11 0.68 0.74

SPHARM 0.067 0.043∗ 0.004∗∗ 0.27 0.17

MDL 0.014∗ 0.11 0.17 0.51 0.01∗

Fig. 3. Descriptive population statistics in adolescent

schizophrenia study. Top: Magnitude colored mean differ-

ence vectors from schizophrenic to control mean using MDL.

Middle: Difference and covariance ellipsoid visualizations.

Bottom: P-values from the regional subdivision analysis.

the rate of false positives across the whole hippocampal sur-

face.

Regional Subdivision: The computation of regional vol-

umes based on subdivisions of anatomical brain structures

is quite common. Often subdivision protocols are based on

landmarks, are executed manually and thus time-consuming,

as well as not fully reproducible. Our regional subdivision

is based on a prior, medial shape based subdivision template

computed on the average hippocampal surface, which is then

propagated to each individual hippicampus using the surface

correspondence. The template subdivision is defined by the

planes orthogonal to a single medial axis [18]. In this study,

the medial axis subdivision, which runs roughly along the

anterior-posterior direction, results in 5 regions: the hippocam-

pal head (anterior, posterior), body, and tail (anterior,posterior).

This subdivision scheme is fully automatic and reproducible.

3. RESULTS

For reasons of clarity, results have been computed without

explicitly correcting for age, gender and medication type. An

implicit correction is achieved by the normalization with the

total brain volume. As a first analysis, hippocampal volumes

in both studies were significantly smaller in schizophrenics

(adolescent p=0.037; adult p = 0.0013) than in controls.

Mean Difference and Covariance Field: For the ado-

lescent study (see Fig. 3) main differences are located in

Adult Study (n=26/54)

P-value Table Regional Subdivision

A head P head Body A tail P tail

Registration 0.761 0.391 0.010∗ 0.202 0.646

SPHARM 0.006∗∗ 0.001∗∗ 0.009∗∗ 0.008∗∗ 0.002∗∗

MDL 0.001∗∗ 0.001∗∗ 0.006∗∗ 0.011∗ 0.001∗∗

Fig. 4. Descriptive population statistics in adult schizophre-

nia study. Top: Magnitude colored mean difference vectors

from schizophrenic to control mean using MDL. Middle: Dif-

ference and covariance ellipsoid visualizations. Bottom: P-

values from the regional subdivision analysis.

the anterior head and the posterior tail. A slight bending of

the tail and body seems to be present. The registration based

correspondence shows larger differences, and higher variabil-

ity. We observe also that in many areas the difference vectors

for SPHARM and the registration based correspondence run

along the surface, whereas for MDL the difference vectors

are oriented closer towards the surface normal. For the adult

study (see Fig. 4), the main differences are similarly seen in

the anterior head region, the mid-body and the posterior tail

region, with a clear bending of body and tail. The registration

based correspondence again produces larger differences, but

also shows higher variability. Mean differences and variabil-

ity seems to agree well across the different methods.

3D Local Shape Analysis: The raw significance maps

shown in Figure 5 visualize the differences between the dif-

ferent correspondence methods. While the significance maps

for SPHARM and MDL show agreement in the adolescent

study and adult study, this is less the case for the registra-

tion based correspondence, especially in the adolescent study.

Only SPHARM and MDL show a significantly different tail

region in the significance maps. Both methods also show the

strongest significant difference in the body region, where the

mean differences are quite small, but so is the variability. The

head region, which shows large mean differences, is less sig-

nificantly different due to the large variability in that region.

The significance maps in the adult study also shows consid-
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Fig. 5. Local shape analysis: Raw p-value significance maps

(blue: no significance, green-red: differences of increasing

significance) from superior viewpoint. The significance maps

for SPHARM and MDL show good agreement. Moderate

agreement is present in the registration based correspondence

maps. The full left column shows the significance map using

SPHARM correspondence with an alternative manual seg-

mentation method in the adult study. On the inferior side this

significance map also shows significance in the tail region.

erable agreement with an additional analysis performed on

the same datasets segmented with an alternative fully man-

ual method and SPHARM correspondence[6]. That analysis

shows less overall significance due to the higher variability of

the segmentation process.

Regional Subdivision Analysis: Due to its cumulative

nature, we would expect more stable results in the subdivi-

sion analysis. As shown in Figs. 3 and 4, this is not the

case. The correspondence methods result in different patterns

of significantly different regions, despite the agreement in the

local shape analysis. In the adolescent study, the registration

based correspondence shows the head region to be moderately

significant and a minor trend in the body region. SPHARM

correspondence shows the highest significance in the body re-

gion and a moderate significance in the posterior head region,

as well as trends in the anterior head and posterior tail region.

MDL correspondence shows good significance in both the an-

terior head and posterior tail region, as well as trends in the

posterior head and body region. The main agreement between

the methods is that the anterior tail region shows no signifi-

cant difference. In the adult study, SPHARM and MDL show

general enlargement in all hippocampal regions, whereas the

registration based method only shows an enlarged body.

4. DISCUSSION AND CONCLUSION

In this paper, we show that the choice of correspondence has

a non-negligible influence on the analysis of shape and re-

gional volumes. This influence seems to be higher in studies

with lower number of subjects. Furthermore, the instability

of the regional volume results is astonishing and suggests that

analyzing shape is more stable then the regional volumes. We

propose that additional means such as mean difference and

covariance maps give additional insight relevant to judge the

study’s validity regarding its choice of correspondence.

The results suggest that the deformable registration based

correspondence is less suited for statistical shape analysis.

Due to its higher variance, a larger sample size seems nec-

essary to attain the same level of significance as SPHARM

and MDL. Furthermore, the correspondence appears noisier

and less stable. However, the registration based method de-

termines the correspondence not based on the boundary, but

rather by image intensities within and outside of the object.

Evaluating such a method on the basis of the boundary shape

alone is not entirely fair.

MDL seems to show the most plausible results in the smaller

sized adolescent study, whereas there is no clear differences

between the methods for the larger adult study. One of the

main reasons for the differences between the different cor-

respondence methods could be the relatively low number of

samples coupled with the large shape variability due to the

high age and gender range in this study of adolescents.

The presented study is by no means complete, but rather

based on selected correspondence methods. Our research raises

awareness to an important topic that has not been appropri-

ately discussed in the field thus far.
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