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Fig. 4. Analysis replicability of cerebellar
morphometry in the ChroPain2 study us-
ing FreeSurfer (A), ACAPULCO (B), and
CERES (D, E, F). Analysis replicability was
also assessed with all T1-weighted MRIs of
the Kirby-21 study using ACAPULCO (C).
The graphs show percent difference be-
tween the first and second analysis of the
same data set for right gray and white mat-
ter (FreeSurfer) and the right lobules V, VI,
and VIIIA (ACAPULCO, CERES). Note: the
scales of the y-axes differ across graphs.
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Fig. 5. Repeatability of cerebellar morphom-
etry in the Kirby-21 study. The graphs show
percent difference between the first and sec-
ond MRI acquired on the same day for right
gray and white matter using FreeSurfer (A)
and the right lobules V, VI, and VIIIA using
ACAPULCO (B) and CERES (C, D, E). Note:
the scales of the y-axes differ across graphs.

Repeatability. Comparing the FreeSurfer results of the first
and second T1-weighted MRI in the Kirby-21 study, differ-
ences in gray matter volumes were below ±5% (Figure 5A).
Differences in white matter volumes were higher, between
-12.1% and 19.2%. With CERES, differences in lobular vol-
umes, cortical thickness, and gray matter volume were below
±5% in most cases (Figure 5C, D, E). In some cases, differ-
ences were considerably higher, in particular for the small
lobules I-II. With ACAPULCO, differences in lobular vol-
umes were also below ±5% in most cases (Figure 5B). Max-
imum differences were between -20% (left lobule VIIB) and
35.1% (left lobule VIIIA, data not shown).
The image intraclass correlation coefficients (I2C2) for re-

peatability using the CERES parcellations are presented in
Table 2. The coefficients of variation and the intraclass corre-
lation coefficients for repeatability are presented in Table 3.
Most lower 95% confidence intervals suggest good or even
excellent repeatability.

Long-term reproducibility. Comparing the FreeSurfer re-
sults of the first and second T1-weighted MRI in the OASIS-
2 study, most differences in gray matter volume were below
±5% (Figure 6A). Maximum differences in gray matter vol-
ume were between -12.3% and 9.7%, in white matter volume
between -15.6% and 25.5%. With CERES, most differences
for lobular volumes, cortical thickness, and gray matter vol-
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Table 2. Image intraclass correlation coefficients (I2C2) and 95% confidence inter-
vals for cerebellar regions obtained by CERES with data from the Kirby-21 study.

Region Left Right

Lobules I-II 0.83 (0.79 - 0.86) 0.83 (0.80 - 0.86)
Lobule III 0.87 (0.85 - 0.90) 0.86 (0.84 - 0.88)
Lobule IV 0.84 (0.82 - 0.86) 0.85 (0.83 - 0.87)
Lobule V 0.83 (0.79 - 0.85) 0.86 (0.84 - 0.88)
Lobule VI 0.88 (0.85 - 0.90) 0.89 (0.88 - 0.91)
Crus I 0.88 (0.87 - 0.90) 0.89 (0.88 - 0.91)
Crus II 0.89 (0.87 - 0.91) 0.89 (0.87 - 0.90)
Lobule VIIB 0.87 (0.85 - 0.89) 0.87 (0.85 - 0.89)
Lobule VIIIA 0.89 (0.87 - 0.90) 0.89 (0.87 - 0.91)
Lobule VIIIB 0.89 (0.87 - 0.91) 0.89 (0.87 - 0.91)
Lobule IX 0.89 (0.87 - 0.90) 0.88 (0.86 - 0.90)
Lobule X 0.89 (0.86 - 0.90) 0.88 (0.85 - 0.90)

umes were below ±10%, many even below ±5% (Figure 6C,
D, E). Maximum differences for lobular volumes (-60.1%,
167.5%), cortical thickness (-54.4%, 190.8%), and for gray
matter volumes (-55.3%, 139.5%) were considerably higher.
With ACAPULCO, differences were also below ±10% in the
majority of cases, many even below ±5% (Figure 6B). Maxi-
mum differences were between -96.4% and 180.9%.
The image intraclass correlation coefficients using the
CERES parcellations suggest moderate reproducibility (data
not shown). The coefficients of variation and the intraclass
correlation coefficients for reproducibility are presented in
Table 4.

Discussion
We present a detailed analysis of the reproducibility of fully
automated cerebellar morphometry using three different soft-
ware packages regarding (1) replicability (two analyses of
one data set with identical hardware and software), (2) re-
peatability (analyses of two data sets taken on the same day),
and (3) long-term reproducibility (analyses of two data sets
taken months or years apart).
Regarding analysis replicability, we found that the results
of FreeSurfer segmentations were identical in all analyses.
Replicability was high for CERES parcellations and segmen-
tations in most regions (Figure 4D-F), although the Patch-
Match algorithm employed by CERES is non-deterministic
and involves a random search step that is performed iter-
atively (20). By contrast, we found substantial differences
when performing two identical ACAPULCO analyses of the
high-resolution ChroPain2 data sets (Figure 4B). We hypoth-
esized that the submillimeter resolution (0.75 mm isotropic
voxel size) of this data set might have caused problems for
ACAPULCO’s parcellating network which has been trained
with MPRAGE images resampled to 1 mm isotropic reso-
lution (24). Therefore, we assessed ACAPULCO’s analysis
replicability with data from the Kirby-21 study (1 × 1 × 1.2
mm3 voxel size). Differences between two identical ACA-
PULCO analyses were lower in the Kirby-21 study compared
to the ChroPain 2 study (Figure 4B-C) but still relatively
high, with most differences <±5%.
Assessment of repeatability revealed a remarkably similar
picture for all software packages (Figure 5). Most differ-
ences between the first and the second MRI taken on the
same day were <±5%. This result presents an estimation of

the reproducibility with which cerebellar subdivisions can be
determined with a recent MRI system at 3 Tesla, a widely-
used MPRAGE sequence, and a fully automated segmenta-
tion and/or parcellation software for individual participants
today. For ACAPULCO, intraclass correlation coefficients in
our study using the Kirby-21 data set (Table 3) were similar
to the ICCs reported in Han et al. (24), although both studies
used different algorithms.
For comparison, estimation of cerebral cortical thicknesses
using FreeSurfer demonstrated an overall higher repro-
ducibility with differences between scans taken within min-
utes of ≤±1.9% and between scans taken within weeks of
≤±2.3% (56). Of course, the reported differences between
two scans of one person is a complex mixture of several fac-
tors, including not only imperfections of the image analysis
software used, but also of scanner hardware and MRI se-
quences, and differences in the positioning of the head. Us-
ing a high-resolution sequence (e.g. with a 0.75 mm isotropic
voxel size) and/or a higher magnetic field strength (i.e., 7
Tesla) is expected to improve not only assessment of cerebral
cortical thicknesses (57) but also of cerebellar volumes and
cortical thicknesses due to reduced partial volume effects or
increased signal-to-noise-ratios. As the developers of CERES
acknowledge, the main limitation of their analysis software
is the small library of only five manually labeled cerebellar
templates on which CERES relies at present (20). Hopefully,
the developers will include additional templates in future ver-
sions of their software, likely improving segmentation and
parcellation results.
As expected, long-term reproducibility of cerebellar mor-
phometry was lower than repeatability on the same day. Brain
volumes and cortical thicknesses change over time, not only
due to aging, but also due to factors unrelated to aging,
such as diurnal factors (58), hydration (59), or alcohol intake
(60). In single cases, both CERES and ACAPULCO analy-
ses resulted in dramatic differences, suggesting mislabeling
of large parts of cerebellar regions.

Recommendations for use of automated cerebellar
morphometry. Based on the presented analyses, we
recommend the following steps to improve the design, data
analysis, and interpretation of future neuroimaging studies:

1. Quality control through visual inspection of all labeled
regions. Corroborating the results of Kavaklioglu et al.
(61), we recognized that FreeSurfer frequently mislabeled
voxels representing the dura mater or the dural sinuses as
cerebellar gray matter. The number of these voxels is usually
small compared to the entire gray matter of the left or right
cerebellum. Manual correction of labels and recomputing of
cerebellar volumes is possible, but would require substantial
expertise and time (62), and is therefore not feasible in
large-scale studies. Of note, the locating network used in
ACAPULCO failed in one analysis. In this case, the parcel-
lating network mislabeled all voxels and finished without
error message. Thus, we strongly recommend the visual
inspection of all results of neuroimaging pipelines, including
automated cerebellar morphometry. Visual inspection of
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Fig. 6. Long-term reproducibility of cerebel-
lar morphometry in the OASIS-2 study. The
graphs show percent difference between the
first and second MRI for right gray and white
matter using FreeSurfer (A) and the right
lobules V, VI, and VIIIA using ACAPULCO
(B) and CERES (C, D, E). The mean inter-
val between the two MRIs was 738 ± 249
days (minimum: 182, maximum: 1510 days).
Note: the scales of the y-axes differ across
graphs.

subcortical FreeSurfer results requires manual loading of
.mgz files in FreeSurfer’s Freeview file viewer or in another
viewer capable of displaying .mgz files (e.g., FSLeyes).
Visual inspection of CERES and ACAPULCO results is
less time-consuming because both analysis packages create
report pages in pdf or html format for convenient inspection.

2. Assessment of analysis replicability. Many MRI analysis
packages include stochastic algorithms, such as random
seed generation for the initialization of analyses (63). Given
the remarkable differences found in identical analyses by
ACAPULCO, we recommend reporting the analysis replica-
bility for every neuroimaging pipeline, including cerebellar
morphometry.

3. Assessment of repeatability. For cross-sectional studies,
we recommend reporting the repeatability of the selected
neuroimaging pipeline in addition to its analysis replicability.
The data set for assessment of repeatability should include
two identical MRI scans taken on the same day, ideally
directly one after another, but with repositioning in between,
to minimize true changes in brain volumes or cortical
thicknesses.

4. Assessment of long-term reproducibility. For the de-
sign of a longitudinal study, we recommend investigating
the long-term reproducibility of the selected neuroimaging
pipeline in addition to its analysis replicability. The data set
for estimation of long-term reproducibility should include
two or more scans, taken in time intervals comparable to
the planned longitudinal study. The obtained results should
guide the decision if the expected changes may be observed
with the sample size and the study design under consideration
(64).

Conclusions. Based on its high accuracy (19), its overall
high reproducibility shown here, and its ability to differen-
tiate between entire lobular volumes, gray matter lobular vol-
umes, and lobular cortical thicknesses, CERES is a pow-
erful tool to investigate cerebellar morphometry. Cerebel-
lar morphometry is expected to provide important biomark-
ers for cerebellar aging and disease. Reliable neuroimaging
biomarkers depend on reproducible analyses. For every neu-
roimaging pipeline, not only for cerebellar morphometry, re-
producibility should be investigated, reported, and utilized
for the interpretation of its results.
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Table 3. Coefficient of variation (CV) and intraclass correlation coefficient (ICC) for cerebellar regions obtained by FreeSurfer, CERES, and ACAPULCO with data from the
Kirby-21 study.

Region Left Right

CV (%) ICC CV % ICC

FreeSurfer
Gray matter 1.23 (0.95 - 1.76) >0.99 1.43 (1.10 - 2.04) 0.99 (0.99 - 1)
White matter 3.16 (2.43 - 4.52) 0.96 (0.91 - 0.98) 3.99 (3.07 - 5.70) 0.95 (0.90 - 0.98)

CERES
Lobular volume

Lobules I-II 12.18 (9.37 - 17.41) 0.93 (0.85 - 0.96) 11.87 (9.14 - 16.97) 0.93 (0.86 - 0.97)
Lobule III 2.44 (1.87 - 3.48) >0.99 3.29 (2.53 - 4.70) 0.97 (0.93 - 0.98)
Lobule IV 2.00 (1.54 - 2.86) 0.99 (0.97 - 0.99) 2.11 (1.62 - 3.01) 0.98 (0.97 - 0.99)
Lobule V 2.95 (2.27 - 4.21) 0.95 (0.89 - 0.97) 1.51 (1.17 - 2.16) 0.99 (0.98 - 1)
Lobule VI 2.01 (1.55 - 2.88) 0.98 (0.97 - 0.99) 0.7 (0.54 - 1.00) >0.99
Crus I 1.94 (1.49 - 2.77) 0.99 (0.97 - 0.99) 1.45 (1.12 - 2.07) 0.99 (0.99 - 1)
Crus II 1.61 (1.24 - 2.3) 0.99 (0.98 - 1) 1.68 (1.29 - 2.40) 0.99 (0.98 - 1)
Lobule VIIB 2.92 (2.25 - 4.17) 0.98 (0.96 - 0.99) 1.62 (1.25 - 2.32) 0.99 (0.99 - 1)
Lobule VIIIA 1.76 (1.36 - 2.52) 0.99 (0.98 - 1) 1.50 (1.16 - 2.15) 0.99 (0.99 - 1)
Lobule VIIIB 1.42 (1.09 - 2.02) 0.99 (0.99 - 1) 1.43 (1.10 - 2.04) >0.99
Lobule IX 1.15 (0.89 - 1.65) >0.99 1.74 (1.34 - 2.49) 0.99 (0.99 - 1)
Lobule X 1.94 (1.49 - 2.77) 0.99 (0.97 - 0.99) 1.84 (1.41 - 2.63) 0.98 (0.97 - 0.99)

Cortical thickness
Lobules I-II 11.95 (9.19 - 17.07) 0.80 (0.62 - 0.90) 10.30 (7.92 - 14.71) 0.83 (0.68 - 0.92)
Lobule III 4.23 (3.26 - 6.05) 0.91 (0.82 - 0.96) 4.62 (3.55 - 6.60) 0.90 (0.81 - 0.95)
Lobule IV 1.6 (1.23 - 2.29) 0.90 (0.79 - 0.95) 1.43 (1.10 - 2.05) 0.94 (0.89 - 0.97)
Lobule V 1.02 (0.78 - 1.46) 0.87 (0.75 - 0.94) 1.11 (0.85 - 1.58) 0.94 (0.89 - 0.97)
Lobule VI 0.57 (0.44 - 0.81) 0.88 (0.76 - 0.94) 0.58 (0.45 - 0.83) 0.93 (0.85 - 0.96)
Crus I 1.22 (0.94 - 1.74) 0.82 (0.66 - 0.91) 1.36 (1.04 - 1.94) 0.86 (0.72 - 0.93)
Crus II 1.02 (0.78 - 1.46) 0.82 (0.66 - 0.91) 1.02 (0.79 - 1.46) 0.93 (0.85 - 0.96)
Lobule VIIB 0.77 (0.59 - 1.10) 0.89 (0.79 - 0.95) 0.86 (0.66 - 1.23) 0.79 (0.60 - 0.89)
Lobule VIIIA 0.66 (0.51 - 0.95) 0.96 (0.92 - 0.98) 1.39 (1.07 - 1.98) 0.77 (0.57 - 0.88)
Lobule VIIIB 3.33 (2.56 - 4.76) 0.81 (0.64 - 0.91) 3.39 (2.60 - 4.84) 0.75 (0.54 - 0.87)
Lobule IX 5.01 (3.85 - 7.15) 0.84 (0.69 - 0.92) 4.56 (3.51 - 6.51) 0.75 (0.54 - 0.87)
Lobule X 6.02 (4.63 - 8.60) 0.80 (0.63 - 0.90) 7.25 (5.58 - 10.37) 0.84 (0.70 - 0.92)

Gray matter volume
Lobules I-II 20.92 (16.09 - 29.89) 0.88 (0.77 - 0.94) 12.98 (9.99 - 18.55) 0.94 (0.88 - 0.97)
Lobule III 2.83 (2.18 - 4.05) 0.98 (0.95 - 0.99) 3.72 (2.86 - 5.32) 0.96 (0.92 - 0.98)
Lobule IV 1.57 (1.21 - 2.25) 0.99 (0.98 - 1) 1.80 (1.39 - 2.58) 0.99 (0.98 - 0.99)
Lobule V 3.52 (2.70 - 5.02) 0.92 (0.83 - 0.96) 1.72 (1.32 - 2.46) 0.99 (0.98 - 0.99)
Lobule VI 2.29 (1.76 - 3.27) 0.98 (0.96 - 0.99) 0.72 (0.55 - 1.02) >0.99
Crus I 2.01 (1.54 - 2.87) 0.99 (0.97 - 0.99) 1.62 (1.25 - 2.32) 0.99 (0.98 - 1)
Crus II 1.62 (1.25 - 2.32) 0.99 (0.98 - 1) 1.50 (1.15 - 2.14) 0.99 (0.98 - 1)
Lobule VIIB 3.04 (2.34 - 4.34) 0.98 (0.95 - 0.99) 1.68 (1.29 - 2.40) 0.99 (0.99 - 1)
Lobule VIIIA 1.76 (1.36 - 2.52) 0.99 (0.98 - 1) 1.91 (1.47 - 2.73) 0.99 (0.98 - 1)
Lobule VIIIB 2.44 (1.88 - 3.49) 0.98 (0.96 - 0.99) 1.95 (1.50 - 2.78) 0.99 (0.98 - 1)
Lobule IX 2.76 (2.13 - 3.95) 0.98 (0.95 - 0.99) 2.56 (1.97 - 3.67) 0.98 (0.96 - 0.99)
Lobule X 3.16 (2.43 - 4.52) 0.97 (0.93 - 0.98) 3.10 (2.39 - 4.43) 0.97 (0.93 - 0.98)

ACAPULCO
Lobules I-III 2.90 (2.23 - 4.15) 0.98 (0.97 - 0.99) 3.76 (2.89 - 5.37) 0.95 (0.90 - 0.98)
Lobule IV 2.60 (2 - 3.72) 0.95 (0.90 - 0.98) 2.40 (1.85 - 3.43) 0.98 (0.96 - 0.99)
Lobule V 3.08 (2.37 - 4.40) 0.95 (0.91 - 0.98) 2.71 (2.08 - 3.87) 0.97 (0.94 - 0.99)
Lobule VI 1.26 (0.97 - 1.81) 0.99 (0.99 - 1) 1.08 (0.83 - 1.54) 0.99 (0.99 - 1)
Lobule VIIAf 1.16 (0.89 - 1.65) >0.99 1.51 (1.16 - 2.16) 0.99 (0.98 - 1)
Lobule VIIAt 2.11 (1.62 - 3.01) 0.99 (0.98 - 0.99) 2.79 (2.14 - 3.98) 0.98 (0.96 - 0.99)
Lobule VIIB 4.76 (3.66 - 6.80) 0.93 (0.85 - 0.96) 3.12 (2.40 - 4.47) 0.96 (0.91 - 0.98)
Lobule VIIIA 4.64 (3.57 - 6.63) 0.97 (0.93 - 0.98) 3.13 (2.40 - 4.47) 0.99 (0.98 - 0.99)
Lobule VIIIB 3.67 (2.83 - 5.25) 0.98 (0.96 - 0.99) 3.88 (2.98 - 5.54) 0.97 (0.95 - 0.99)
Lobule IX 2.13 (1.64 - 3.04) 0.99 (0.97 - 0.99) 2.28 (1.76 - 3.26) 0.99 (0.97 - 0.99)
Lobule X 2.04 (1.57 - 2.92) 0.98 (0.97 - 0.99) 3.07 (2.36 - 4.39) 0.96 (0.92 - 0.98)

Midline

Vermis VI 1.32 (1.02 - 1.89) 0.99 (0.98 - 1)
Vermis VII 2.39 (1.84 - 3.42) 0.98 (0.96 - 0.99)
Vermis VIII 1.62 (1.25 - 2.32) 0.99 (0.99 - 1)
Vermis IX 1.53 (1.17 - 2.18) 0.99 (0.98 - 1)
Vermis X 2.81 (2.16 - 4.01) 0.97 (0.94 - 0.99)

The table presents the CV and ICC with lower and upper 95% confidence intervals.
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Table 4. Coefficient of variation (CV) and intraclass correlation coefficient (ICC) for cerebellar regions obtained by FreeSurfer, CERES, and ACAPULCO with data from the
OASIS-2 study.

Region Left Right

CV (%) ICC CV % ICC

FreeSurfer
Gray matter 2.34 (2.01 - 2.80) 0.98 (0.96 - 0.98) 1.84 (1.58 - 2.20) 0.97 (0.96 - 0.98)
White matter 5.21 (4.48 - 6.23) 0.38 (0.20 - 0.53) 5.42 (4.66 - 6.48) 0.42 (0.25 - 0.57)

CERES
Lobular volume

Lobules I-II 27.34 (23.51 - 32.66) 0.58 (0.44 - 0.70) 15.89 (13.66 - 18.99) 0.73 (0.63 - 0.81)
Lobule III 8.15 (7.01 - 9.74) 0.84 (0.77 - 0.89) 8.55 (7.36 - 10.22) 0.77 (0.68 - 0.84)
Lobule IV 3.87 (3.33 - 4.62) 0.94 (0.91 - 0.96) 4.54 (3.91 - 5.43) 0.94 (0.92 - 0.96)
Lobule V 3.17 (2.72 - 3.78) 0.96 (0.95 - 0.97) 2.95 (2.53 - 3.52) 0.95 (0.93 - 0.97)
Lobule VI 2.55 (2.20 - 3.05) 0.97 (0.96 - 0.98) 3.37 (2.90 - 4.03) 0.96 (0.94 - 0.97)
Crus I 3.04 (2.61 - 3.63) 0.96 (0.94 - 0.97) 3.37 (2.90 - 4.03) 0.96 (0.94 - 0.97)
Crus II 4.20 (3.61 - 5.02) 0.95 (0.92 - 0.96) 5.13 (4.41 - 6.13) 0.90 (0.85 - 0.93)
Lobule VIIB 6.95 (5.98 - 8.31) 0.89 (0.84 - 0.92) 7.84 (6.74 - 9.36) 0.82 (0.74 - 0.87)
Lobule VIIIA 7.15 (6.15 - 8.54) 0.87 (0.81 - 0.91) 7.97 (6.85 - 9.52) 0.84 (0.78 - 0.89)
Lobule VIIIB 5.68 (4.89 - 6.79) 0.89 (0.84 - 0.92) 7.68 (6.61 - 9.18) 0.82 (0.75 - 0.88)
Lobule IX 4.19 (3.60 - 5.00) 0.96 (0.94 - 0.97) 4.80 (4.13 - 5.73) 0.94 (0.92 - 0.96)
Lobule X 5.32 (4.57 - 6.36) 0.88 (0.82 - 0.92) 5.08 (4.37 - 6.07) 0.88 (0.83 - 0.92)

Cortical thickness
Lobules I-II 22.13 (19.03 - 26.45) 0.35 (0.16 - 0.51) 24.73 (21.26 - 29.55) 0.22 (0.03 - 0.40)
Lobule III 8.50 (7.31 - 10.15) 0.48 (0.32 - 0.62) 8.85 (7.61 - 10.57) 0.36 (0.18 - 0.52)
Lobule IV 3.19 (2.75 - 3.82) 0.52 (0.37 - 0.65) 3.36 (2.89 - 4.02) 0.61 (0.47 - 0.72)
Lobule V 2.53 (2.18 - 3.03) 0.67 (0.55 - 0.77) 3.21 (2.76 - 3.84) 0.65 (0.52 - 0.75)
Lobule VI 2.75 (2.36 - 3.28) 0.38 (0.20 - 0.53) 2.70 (2.33 - 3.23) 0.48 (0.31 - 0.61)
Crus I 3.87 (3.33 - 4.62) 0.71 (0.59 - 0.79) 3.45 (2.97 - 4.12) 0.71 (0.60 - 0.79)
Crus II 5.49 (4.72 - 6.56) 0.56 (0.41 - 0.68) 4.39 (3.77 - 5.24) 0.55 (0.40 - 0.67)
Lobule VIIB 3.26 (2.81 - 3.90) 0.45 (0.28 - 0.59) 2.13 (1.84 - 2.55) 0.45 (0.28 - 0.59)
Lobule VIIIA 1.86 (1.60 - 2.22) 0.58 (0.44 - 0.70) 2.14 (1.84 - 2.56) 0.37 (0.19 - 0.52)
Lobule VIIIB 2.12 (1.83 - 2.54) 0.53 (0.37 - 0.66) 2.10 (1.81 - 2.51) 0.48 (0.32 - 0.62)
Lobule IX 4.81 (4.14 - 5.75) 0.37 (0.19 - 0.53) 4.66 (4.01 - 5.57) 0.42 (0.24 - 0.56)
Lobule X 10.08 (8.67 - 12.05) 0.72 (0.61 - 0.80) 10.15 (8.73 - 12.12) 0.71 (0.60 - 0.80)

Gray matter volume
Lobules I-II 32.49 (27.94 - 38.82) 0.60 (0.46 - 0.71) 22.63 (19.46 - 27.04) 0.54 (0.39 - 0.67)
Lobule III 9.39 (8.07 - 11.22) 0.81 (0.73 - 0.87) 8.53 (7.33 - 10.19) 0.79 (0.70 - 0.85)
Lobule IV 4.39 (3.78 - 5.25) 0.92 (0.89 - 0.95) 4.83 (4.16 - 5.78) 0.94 (0.91 - 0.96)
Lobule V 4.13 (3.55 - 4.93) 0.94 (0.91 - 0.96) 3.64 (3.13 - 4.35) 0.92 (0.89 - 0.95)
Lobule VI 2.81 (2.41 - 3.36) 0.97 (0.95 - 0.98) 3.97 (3.41 - 4.74) 0.94 (0.91 - 0.96)
Crus I 3.00 (2.58 - 3.58) 0.96 (0.95 - 0.98) 3.00 (2.58 - 3.59) 0.97 (0.95 - 0.98)
Crus II 5.17 (4.45 - 6.18) 0.92 (0.88 - 0.94) 5.70 (4.90 - 6.82) 0.87 (0.82 - 0.91)
Lobule VIIB 7.48 (6.44 - 8.94) 0.87 (0.81 - 0.91) 8.03 (6.91 - 9.60) 0.80 (0.71 - 0.96)
Lobule VIIIA 7.11 (6.12 - 8.50) 0.87 (0.81 - 0.91) 7.66 (6.59 - 9.15) 0.85 (0.78 - 0.90)
Lobule VIIIB 6.12 (5.26 - 7.31) 0.87 (0.81 - 0.91) 7.75 (6.66 - 9.26) 0.82 (0.75 - 0.87)
Lobule IX 4.04 (3.48 - 4.83) 0.96 (0.94 - 0.97) 4.46 (3.83 - 5.33) 0.95 (0.92 - 0.96)
Lobule X 5.03 (4.33 - 6.01) 0.89 (0.85 - 0.93) 5.55 (4.78 - 6.64) 0.87 (0.81 - 0.91)

ACAPULCO
Lobules I-III 12.54 (10.79 - 14.99) 0.74 (0.64 - 0.82) 10.48 (9.01 - 12.52) 0.81 (0.74 - 0.87)
Lobule IV 8.17 (7.02 - 9.76) 0.81 (0.73 - 0.87) 6.23 (5.35 - 7.44) 0.86 (0.80 - 0.91)
Lobule V 7.90 (6.80 - 9.44) 0.80 ( 0.71 - 0.86) 5.83 (5.01 - 6.96) 0.86 (0.80 - 0.91)
Lobule VI 4.19 (3.60 - 5.00) 0.93 (0.90 - 0.95) 3.48 (2.99 - 4.16) 0.95 (0.93 - 0.97)
Lobule VIIAf 2.62 (2.25 - 3.13) 0.97 (0.96 - 0.98) 2.84 (2.44 - 3.39) 0.96 (0.95 - 0.98)
Lobule VIIAt 7.38 (6.34 - 8.82) 0.81 (0.74 - 0.87) 7.84 (6.75 - 9.37) 0.82 (0.75 - 0.88)
Lobule VIIB 8.41 (7.23 - 10.05) 0.80 (0.72 - 0.86) 11.70 (10.06 - 13.98) 0.69 (0.58 - 0.78)
Lobule VIIIA 8.85 (7.61 - 10.57) 0.81 (0.73 - 0.87) 11.28 (9.70 - 13.48) 0.78 (0.69 - 0.84)
Lobule VIIIB 11.32 (9.73 - 13.52) 0.81 (0.73 - 0.87) 10.56 (9.08 - 12.62) 0.74 (0.63 - 0.81)
Lobule IX 5.02 (4.31 - 5.99) 0.93 (0.91 - 0.96) 5.86 (5.04 - 7.00) 0.91 (0.87 - 0.94)
Lobule X 9.26 (7.97 - 11.07) 0.74 (0.63 - 0.81) 8.60 (7.40 - 10.28) 0.70 (0.59 - 0.79)

Midline

Vermis VI 6.83 (5.87 - 8.16) 0.81 (0.73 - 0.87)
Vermis VII 39.77 (34.20 - 47.52) 0.11 (-0.09 - 0.29)*
Vermis VIII 3.39 (2.92 - 4.05) 0.95 (0.92 - 0.96)
Vermis IX 4.93 (4.24 - 5.89) 0.90 ( 0.85 - 0.93)
Vermis X 8.11 (6.97 - 9.69) 0.76 (0.66 - 0.83)

The table presents the CV and ICC with lower and upper 95% confidence intervals. * Calculation of the ICC
for Vermis VII (ACAPULCO) includes one outlier (median: 1.35 cm3, outlier: 7.94 cm3). Without the outlier,
the ICC is 0.83 (0.76 - 0.88).
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