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Power analysis at alpha=0.05
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Power analysis at alpha=0.001
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Item Description

Volume Baseline The tissue volume at baseline of the study.
�

population

The inter-subject standard deviation.
�

subject

The within-subject standard deviation.
µ

�

The volume di↵erence between baseline and final
measure.

n The number of subjects per group.
N

timepoints

The number of scans per subject for longitudinal
data.

Table 1: The key parameters in simulating change over a short period of time.

Volume Baseline ⇠ normal(µ
population

,�

population

)

Volume Timepoint
i

⇠ Volume Baseline + normal

✓
µ

�

✓
timepoint

i

� 1

N

timepoints

� 1

◆
,�

subject

◆

We assume a linear change with equally spaced timepoints. For the following
studies we have set µ

�

to be 3%. Each of the following experiments will draw
1000 samples per quantity to be estimated to study the e↵ects of varying subjects
per group, scans/timepoints per subject, and the two sources of noise (�

population

and �

subject

). An example simulated dataset based on those numbers is shown
in Figure 1. All simulations were carried out in R statistical environment
(www.r-project.org) using the rnorm function for drawing random numbers from
the normal distribution.

3 Results

3.1 Contributions to the variance of hippocampal volume

measurements

To estimate the variance contributions to hippocampal volume measurements,
we imaged mice repeatedly at high-resolution ex-vivo, at low-resolution ex-vivo
and longitudinally in-vivo. Sample images are provided in Figure 2. After reg-
istration of all images to an unbiased, consensus average, the volumes of the
hippocampus and whole brain were extracted. As can be seen in Table 2 the
population standard deviation in hippocampal volume ranges between 4.8 and
5.0%, depending on the scan type. Hippocampal volume estimated from scan-
ning the same fixed-brain specimen repeatedly, however, showed a standard
deviation of only 1.1 to 1.3%, depending on the image resolution. The implica-
tion is that the majority of variance in our imaging measuremens is biological,
not methodological. Moreover, we observed that a significant proportion of the
variance in hippocampal volume is accounted for by overall di↵erences in brain
volume. This is made clear by considering hippocampal volumes normalized by

5





Figure 2: Sample images from the three acquisitions used in this study are
shown here.

brain volumes (Table 2), which have standard deviations reduced to 1.7 to 3.0%
for the population and to 1.0% for repeat scans. A scatterplot of hippocampal
volume to brain volume is provided in Figure 3 and shows the two volumes are
highly-correlated.

3.2 Factors a↵ecting the detection of anatomical pheno-

types in in-vivo time course experiments

We next performed a series of simulations to determine possible outcomes in
a timecourse experiment in which we supposed a 3% change in the volume of
the hippocampus. We independently varied the number of uniformly-spaced

absolute volume relative to brain volume

Dataset �

population

�

subject

�

population

�

subject

Ex-vivo high resolution 5.0 % 1.1 % 1.7% 0.99%
Ex-vivo low resolution 4.8 % 1.3 % 3.0% 1.0%

In-vivo 4.8 % 3.1 % 2.2% 1.7%

Table 2: Standard deviations (expressed as percent of hippocampal volume)
across three datasets. The �

subject

for the ex-vivo datasets represent variability
when scanning the same specimen repeatedly. The volume of the hippocampus
in one hemisphere of the mouse brain is approximately 9.9 mm

3.
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HOW ACCURATELY CAN WE 
DETECT ANATOMICAL 

DIFFERENCES?

van Eede MC, Scholz J, Chakravarty MM, Henkelman RM, Lerch JP. Mapping registration sensitivity in MR mouse brain images. Neuroimage. 2013 Nov 15;82:226–36.



SIMULATIONS
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UNDERESTIMATE
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BLOB-OLOGY



TRUE VS FALSE POSITIVES


