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Abstract

Some cross-sectional studies suggest reduced cerebellar volumes with aging, but there have

been few longitudinal studies of age changes in cerebellar subregions in cognitively healthy
older adults. In this work, 2,023 magnetic resonance (MR) images of 822 cognitively normal
participants from the Baltimore Longitudinal Study of Aging (BLSA) were analyzed. Participants
ranged in age from 50 to 95 years (mean 70.7 years) at the baseline assessment. Follow-up
intervals were 1-9 years (mean 3.7 years) for participants with two or more visits. We used

a recently developed cerebellum parcellation algorithm based on convolutional neural networks
to divide the cerebellum into 28 subregions. Linear mixed effects models were applied to the
volume of each cerebellar subregion to investigate cross-sectional and longitudinal age effects, as
well as effects of sex and their interactions, after adjusting for intracranial volume. Our findings
suggest spatially varying atrophy patterns across the cerebellum with respect to age and sex both
cross-sectionally and longitudinally.
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Introduction

Previous studies have shown that spatial locations within the cerebellum relate to specific
motor and cognitive functions (Mottolese et al., 2013; Stoodley and Schmahmann, 2018;
Guell et al., 2018; Schmahmann, 2019). For example, in the functional magnetic resonance
image analysis by Guell et al. (2018), activation during performance of motor tasks was
found in Lobules 1V, V, VI, and VIII, while activation during performance of cognition tasks
were found in Lobules VI, Crus I, Crus 11, VIIB, IX, and X. Since different functions exhibit
different trajectories of change during aging (Tian et al., 2017; Goh et al., 2012) and across
men and women (McCarrey et al., 2016), it is of interest to characterize regional changes of
the cerebellum in cognitively normal individuals during aging.

By parcellating the cerebellum into its subregions using structural magnetic resonance (MR)
images, previous studies have shown age and sex differences in cerebellar regional volumes.
Luft et al. (1999) used a semi-automated method to parcellate the cerebellum into 11 regions
for 48 subjects. Age effects on volumes were found in Vermis, and Vermis VI-VII and
medial Superior Posterior Lobe were found larger for women than men when adjusting for
the intracranial volume (ICV). Bernard and Seidler (2013) used an automatic algorithm,
SUIT (Diedrichsen et al., 2009), to parcellate the cerebellum into 27 regions, and group
differences were analyzed for two populations with distinct age distributions. Eleven regions
were found significantly different for those two groups when adjusted for ICV. In another
study (Bernard et al., 2015), the authors analyzed a set of 123 subjects from 12 to 65

years old. Parcellation with SUIT was performed but statistical results were provided only
for seven combined regions. They showed that the volumes of different regions were best
fitted with respect to age using different functions such as logarithmic, linear, and quadratic
functions, but the effects of sex were not studied quantitatively. Koppelmans et al. (2017)
also used SUIT to parcellate the cerebellum and then combined subregions into 11 regions
for 213 subjects. Age effects were found for 8 regions when adjusting for sex and ICV. In
summary, Luft et al. (1999) and Koppelmans et al. (2017) both found a reduced volume in
the vermis with older age. Bernard and Seidler (2013) and Koppelmans et al. (2017) found
reduced volumes of bilateral Crus I with older age. Results for other subregions vary across
studies and are hard to compare due to use of different regional definitions. In addition to
cross-sectional studies, Raz et al. (2013, 2010, 2005, 2003) conducted longitudinal analyses
on the cerebellum and found shrinkage over time, but they focused on the cerebellar
hemispheres. Related studies examining age effects on subregional cerebellar volumes in
cognitively healthy individuals are summarized in Table 1.

It is evident that previous studies on cerebellar subregional volumes are limited in either
the sample size of cognitively normal older subjects or the number of parcellated regions.
Furthermore, since the majority of studies are cross-sectional, the analyses describe
between-subject variation, or age differences, rather than intra-individual changes from
longitudinal analysis where the same subject underwent multiple visits. In this work, we
conducted longitudinal analysis of the regional cerebellum volumes during normal aging
for 822 non-demented participants with 2,023 magnetization-prepared rapid gradient-echo
(MPRAGE) images from the Baltimore Longitudinal Study of Aging (BLSA) (Shock et al.,
1984). A recent cerebellum parcellation algorithm based on convolutional neural networks
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(Han et al., 2019) was used to parcellate the cerebellum into 28 regions which were

further grouped into three additional levels according to the anatomical hierarchies of the
cerebellum (Schmahmann et al., 2000; Carass et al., 2018). The results then underwent
visual inspection before inclusion in the current study. Our longitudinal analyses answer

the following questions related to cerebellar volumes including subregions in older adults:
cross-sectional effects of age and sex, longitudinal changes, and whether age and sex modify
the longitudinal changes.

Methods

Participants

The Baltimore Longitudinal Study of Aging (BLSA) is an observational study that began

in 1958 and is currently conducted by the National Institute on Aging Intramural Research
Program (Shock et al., 1984). Recruitment is ongoing, and participants and visits included
in these analyses represent a snapshot in time. The current visit schedule depends on age:
participants younger than 60 are assessed every 4 years, participants between 60 and 80 are
assessed every 2 years, and participants older than 80 are assessed every year. The varied
numbers of visits per participant primarily reflect the timing of enrollment and their age.
2,381 available MPRAGE images for 1,017 participants were processed. 70 images with
artifacts or low parcellation quality were excluded, as summarized in Table 2. We excluded
98 images for visits after the year of onset of dementia or mild cognitive impairment (MCI)
(Armstrong et al., 2019). Due to very limited longitudinal data in younger participants in
BLSA, we focused this study on subjects older than 50 years, resulting in 2,033 images.
The intracranial volume (ICV) was calculated using a brain extraction algorithm, MASS
(Doshi et al., 2013), from a separate study. We used the ICV value from the earliest visit
for each subject, and 10 subjects without ICV were excluded. The final dataset included
2,023 images from 822 subjects. The mean age at baseline is 70.7 years with standard
deviation (SD) 10.2 years. The mean follow-up interval for subjects with multiple visits is
3.7 years with SD 1.9 years. These subjects are highly educated (17.0 years of education on
average) and mostly Caucasian (67.5%). The demographic characteristics of the participants
are further summarized in Table 3.

2.2. MRl acquisition and image analysis

The images were acquired on 3.0 T MR scanners (Achieva, Phillips Medical Systems,
Netherlands). Image matrix = 256 x 240, number of sagittal slices = 170, pixel size = 1Imm
x 1mm, slice thickness = 1.2 mm, flip angle = 8°, echo time (TE) = 3.1 ms, 47 images were
acquired with repetition time (TR) = 6.8 ms, and 1,976 images were acquired with TR = 6.6
ms.

A cerebellum parcellation algorithm based on convolutional neural networks (Han et al.,
2019) was applied to all images. A brief overview of this algorithm is as follows. The
images were inhomogeneity-corrected using N4 (Tustison et al., 2010) and rigidly registered
to the 1 mm isotropic ICBM 2009c template (Fonov et al., 2011) in MNI space using

the ANTS registration suite 1 The parcellation classifiers trained from 15 expert manual
delineations (the Adult Cohort in Carass et al. (2018)) were used to perform per-voxel
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labeling, and small, isolated pieces were removed in post-processing. This algorithm
resulted in 28 cerebellar regions: bilateral Lobules I-111, 1V, V, and VI; Crus | and II;
Lobules VIIB, VIIIA, VIIIB, IX, and X; Vermis VI, VII, VIII, IX, and X; and Corpus
Medullare (CM). Since some previous methods report statistical analysis of coarser levels of
cerebellar divisions (Luft et al., 1999; Raz et al., 2013; Koppelmans et al., 2017), we also
provide results of anatomically meaningful grouped regions (Schmahmann et al., 2000) in
addition to subcomponents, so as to facilitate more direct comparisons among the literature.
Following Schmahmann et al. (2000), these regions were grouped into bilateral Anterior,
Posterior, and Flocculonodular Lobes, Vermis VI-VII, VIII-1X, and X, and further into
bilateral hemispheres, the whole Veermis, and the whole cerebellum. Finally, the volumes of
each region at each grouping level were calculated.

In addition to the cross-validation study included in Han et al. (2019), we also calculated
intraclass correlations (ICC) for each of the cerebellar regions to validate this algorithm. The
ICCs were calculated using linear mixed-effects models. The fixed effects included intercept
and age while the random effects included only the intercept, and the data were grouped by
subjects. The ICC is defined as

2

0,

ICC = Tl )
where o7 is the variance of intercept in random effects and o; is the variance of residuals.
ICCs of the 28 cerebellum regions ranging from 0.87 to 0.99 are shown in Table 4. ICCs
in the rang [0.75-0.90) are considered good and values [0.90-1.00] are considered excellent
(Koo and Li, 2016). In summary, this equates to 25 of our cerebellum regions as excellent
and the remaining three as good.

2.3. Statistical analysis

Linear mixed-effects regressions were used to study the relationship of age and sex with
baseline and longitudinal change in each cerebellar volume individually. There are 28
lobular regions from the parcellation algorithm plus 9 grouped regions, resulting in 37
regions in total (see Table 5 for results). The volume in mm3 of each of these regions was
used as a separate outcome in each of the 37 regressions. The fixed effects are intercept,
ICV in cm3 centered around 1,400, baseline age in years centered around 70, sex with 0.5
indicating male and — 0.5 indicating female, follow-up interval in years, the interaction
between baseline age and follow-up interval (baseline age x follow-up interval), and the
interaction between sex and follow-up interval (sex x follow-up interval). The random
effects are intercept and follow-up interval. To account for multiple comparisons, p-values
of each fixed effect were adjusted across the 37 regions using Bonferroni correction. Type
I error level p< 0.05 was applied to the adjusted p-values to test whether the fixed effects
are significantly different from 0. All linear mixed-effects models were fit in R version 3.5.1
using Ime function from nlme library version 3.1.137 (Pinheiro et al., 2019).

1http://stnava.github.io/ANTs/.

Neuroimage. Author manuscript; available in PMC 2023 November 28.


http://stnava.github.io/ANTs/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Han et al.

Page 5

3. Results

The estimated coefficients, standard errors, and raw p-values of baseline age, sex, follow-up
interval, and the interactions for each cerebellar region are shown in Table 5. Significant
effects for Bonferroni adjusted p < 0.05 of each region are highlighted.

3.1. Total cerebellum, Corpus Medullare, and hemispheres

Both baseline age and follow-up interval are significant for the total cerebellum, CM, and
bilateral hemispheres, indicating that volumes are smaller with higher age and decline
longitudinally. The interaction between baseline age and follow-up interval is significant for
the total cerebellum and Left Hemisphere. Negative coefficients suggest that the volumes
decline faster at more advanced baseline age. Sex is not significant for any of these regions.
The interaction between sex and follow-up interval is significant for CM, suggesting that the
volume declines faster for men.

3.2. Vermis and lobules

Baseline age, follow-up interval, and the interaction between these two factors are
significant for the whole Vermis, suggesting that the Vermis volume is smaller at higher
baseline age and declines longitudinally over time, and this decline is faster at higher
baseline age.

For the subregions of Vermis, baseline age and follow-up interval are significant for Vermis
VI-IX (the part corresponding to Posterior Lobe) and its sub-regions Vermis VI and

IX, suggesting smaller volumes at higher age and longitudinal declines over time. The
interaction between baseline age and follow-up interval is significant for the Vermis VI-IX
and its sub-region Vermis V1, suggesting faster declines at more advanced baseline age. Sex
is significant for Vermis 1X and Vermis X (the part corresponding to Flocculonodular Lobe)
with negative coefficients, suggesting smaller volumes for men than women.

3.3. Anterior lobe and lobules

Both baseline age and follow-up interval are significant for Right Anterior Lobe, indicating
that its volume is smaller with higher age and declines longitudinally over time. The
interaction between baseline age and follow-up time is significant for both sides, indicating
faster declines at higher baseline age. There is no significant sex difference but there is

a significant interaction between sex and follow-up interval for Left Anterior Lobe. This
interaction shows less steep decline in men compared with women at advanced age.

For lobules of the Anterior Lobe, baseline age is significant for Right Lobules I-I11 and
bilateral Lobules V, indicating smaller volumes with higher age. Sex is significant for

Right Lobules I-I11, suggesting that the volume is greater for women than men at baseline.
Longitudinal change is significant for all lobules of Anterior Lobe. Note that the coefficient
of follow-up interval for bilateral Lobules IV is positive, indicating increasing volumes over
time. The interaction between baseline age and follow-up interval is significant for Right
Lobule 1V, suggesting a steeper decline at more advanced baseline age.
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3.4. Posterior Lobe and lobules

Baseline age and follow-up interval are significant for the bilateral Posterior Lobes,
suggesting that the volumes are smaller with higher baseline age and decline longitudinally.
Sex is not significant for the Posterior Lobe.

For lobules of the Posterior Lobe, baseline age is significant for all lobules except for
bilateral Lobule VIIIA, suggesting smaller volumes with higher baseline age. Sex is
significant for bilateral Lobules VIIIA with positive coefficients, indicating larger volumes
for men at baseline. Follow-up interval is significant except for Right VIIIA, suggesting
longitudinal declines over time. The interaction between sex and follow-up interval is
significant for Right Crus 11 with a negative coefficient, suggesting a faster decline for
men than women.

3.5. Flocculonodular Lobes

Flocculonodular Lobe is only composed of Lobule X. Baseline age is significant for
bilateral Lobules X, indicating smaller volumes at higher baseline age. Follow-up interval is
significant for the left, indicating a longitudinal decline over time. The interaction between
baseline age and follow-up interval is significant for the right, indicating a steeper decline at
higher baseline age.

3.6. Visualization

To visualize the results, we further show the fitted population average trajectories for CM,
Vermis VI-1X and X, and Anterior, Posterior, and Flocculonodular Lobes (Flocculonodular
Lobe is only composed of Lobule X) in Fig. 1. Since we observed similar age differences
and age changes for the bilateral regions, we summed their volumes together before
performing the regressions only for visualization purposes. To plot the curves, we used
baseline age from 55 to 90 in 5-year age bands, follow-up intervals from 0 to 4 years

for each baseline age, and ICV 1,400 cm3, by sex. Note that if the coefficients of the
interactions—baseline age x follow-up interval and sex x follow-up interval—are not
significant, we do not incorporate them into this figure. Additional plots are shown in the
supplementary materials. The color-coded raw p values of baseline age, sex, and follow-up
interval on top of a cerebellum illustration are further shown in Fig. 2.

4. Discussion

In this work, we analyzed age differences and longitudinal changes of cerebellar regional
volumes in a large sample of non-demented individuals with baseline age 50 years and
older. Our results indicate that the cerebellum volume has spatially varying trajectories with
respect to baseline age and longitudinal change over time and only a few subregions show
sex differences after adjustment for ICV. Twenty of the 28 parcellated regions (cerebellar
lobules and CM) show statistically significant cross-sectional age effects. Twenty-three of
the 28 regions have statistically significant longitudinal changes. For three of the 28 regions,
longitudinal volume loss is greater with advancing baseline age. Five of the 28 regions
show statistically significant sex effects at baseline, and men compared with women showed
greater longitudinal volume loss in three regions.
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We used a cerebellum parcellation algorithm based on convolutional neural networks in
this work (Han et al., 2019). Compared with previous methods, such as SUIT (Diedrichsen
et al., 2009), which was used by Bernard and Seidler (2013), Bernard et al. (2015) and
Koppelmans et al. (2017), and MAGet Brain (Park et al., 2014), which was used by Steele
and Chakravarty (2018), our parcellation algorithm has two advantages. First, our algorithm
is fully-automatic, and takes approximately a minute to parcellate a cerebellum (without
considering image pre-processing such as intensity inhomogeneity correction (Tustison et
al., 2010) and MNI space alignment (Fonov et al., 2011)). In comparison, SUIT requires
manual intervention and takes about 10 min to parcellate a cerebellum image; although
MAGeT Brain is fully-automatic, it takes approximately 6 h for parcellation (Park et al.,
2014). These features enable us to process thousands of images in a reasonable amount

of time. Second, our algorithm has better parcellation accuracy compared with previous
methods (Han et al., 2020; Carass et al., 2018; Romero et al., 2017). A disadvantage

of our parcellation algorithm is that it is sensitive to image contrast. Therefore, we only
analyzed MPRAGE images despite also having images acquired with the spoiled gradient
echo sequence. Similar to SUIT and MAGeT Brain, the definition of cerebellar regions

in our algorithm is based on Schmahmann et al. (2000). However, SUIT and MAGet

Brain provide more detailed divisions of the vermis compared to our algorithm, while our
algorithm provides more detailed divisions of the anterior lobe than SUIT.

The main benefit of longitudinal analyses is the ability to investigate intra-individual
changes over time, i.e. longitudinal changes of the cerebellar subregions, and the effects

of inter-individual differences on the intra-individual changes, i.e. whether baseline age
and sex modify the longitudinal changes in total and subregional cerebellar volumes.

Our analyses extend prior findings that investigate inter-individual differences based on
cross-sectional analyses or findings of longitudinal changes that are restricted to total

or hemispheric cerebellar volumes. Linear mixed-effects models use all available data to
estimate longitudinal trajectories. Different subjects can have a different number of visits,
i.e. unbalanced data. One of the strengths of the linear mixed-effects model is the ability to
appropriately handle such unbalanced data. In addition to subjects with multiple visits, we
also included subjects with only one visit. These data would mainly contribute to the cross-
sectional effects in our linear mixed-effect models, so excluding them from the analysis
will yield similar results for the longitudinal effects. However, the advantage of including
participants with a single visit is to improve power for estimation of cross-sectional effects.
We used Bonferroni correction to account for multiple comparisons. However, because

our regions are correlated, the hypotheses are correlated as well. Since commonly used
approaches to correct for multiple comparisons, including Bonferroni and false discovery
rate corrections, do not fully account for these correlations (Bretz et al., 2011), the
adjusted p-values are too conservative. Unfortunately, alternatives such as permutation and
bootstrapping remain challenging to apply in linear mixed effects models (Joo et al., 2016).
This limitation could be investigated in the future.

In contrast to previous work, we conducted longitudinal analyses of a hierarchy of cerebellar
subregions—cerebellar lobules, lobes, and hemispheres—of non-demented subjects in this
age range. Most previous work of cerebellar subregions was based on cross-sectional
analysis (Luft et al., 1999; Bernard and Seidler, 2013; Bernard et al., 2015; Koppelmans
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et al., 2017; Steele and Chakravarty, 2018). To our knowledge, the single publication of
subregional longitudinal analysis of the cerebellum (Tiemeier et al., 2010) focused on
cerebellum development in children and adolescence. The work by Raz et al. (2013, 2010,
2005, 2003) also conducted longitudinal analysis but focused on cerebellum hemispheres
instead of lobular regions. In terms of the cross-sectional differences—baseline age and
sex—our results are not entirely in agreement with previous work. Bernard and Seidler
(2013) found significant age differences for the volumes of bilateral Lobules I1-1V, V, and
VI, bilateral Crus I, Left Crus I, Vermis VI, and Vermis VIIB. However, we do not find
significant age differences in Left Lobules I-111, bilateral Lobules IV, or Vermis VII, and we
find significant age differences in many other regions, perhaps due to greater sample size.
Bernard et al. (2015) modeled the volumes of Vermis and bilateral Anterior Lobes using
logarithmic fits, bilateral Crus I using linear fits, and Posterior Lobes using quadratic fits.
They further showed that females and males could be modeled using different fits for these
regions. However, we do not find the coefficient of baseline age is significantly different
from zero for the left Anterior Lobe in our study, and their results with respect to sex

are not directly comparable to ours since they did not statistically analyze the differences
between the two sexes. Koppelmans et al. (2017) analyzed the volumes of bilateral Lobules
I-VI, Crus I, Crus Il-Lobules VIIB, Lobules VIIIB-1X, Lobules X, and Vermis, and found
significant age differences except for right Crus Il1-Lobules VIIB and bilateral Lobules

X. In contrast, we find significant age differences in right Crus Il, right Lobule VIIB,

and bilateral Lobules X, and we do not find significant age difference in Left Lobules

I-I11 or bilateral Lobule IV. Steele and Chakravarty (2018) found that bilateral Crus |1

and Vermis VI are larger for women, while right Lobule V, bilateral Lobules VIIIA and
VIIIB, and Vermis VIIIA and VIIIB are larger for men after dividing each region by the
volume of total cerebellar gray matter. In contrast, we incorporated ICV as a covariate in
our regressions, and we find no significant sex differences for bilateral Crus I1, Vermis VI,
Right Lobule V, bilateral Lobules VII1IB, and Vermis VIII. Consistent with findings of Steele
and Chakravarty (2018), we find that bilateral Lobules VIIIA are significantly larger for
men. Additionally, we find significant sex differences in Right Lobules I-I1l, and Vermis
IX and X. Note that we found significant increasing volumes of bilateral Lobules IV over
time. Whether it is physiologically meaningful or the result of noise from the parcellation
algorithm is unclear at present; further investigation is warranted.

Given that this study is the largest study of its nature, it is tempting to see this work as

the definitive “At/as of the Aging Cerebelluni’. \We, however, caution that our findings

are not consistent with some of the earlier work in the literature. We are still in the
discovery phase when it comes to understanding the (aging) cerebellum. We also note

that our study differs from prior work with respect to region definition, statistical analysis,
and study sample. In addition, our results may lack generalizability because the subjects
are highly educated and mostly Caucasian. The imaging visits included in these analyses
were restricted to those where participants remained free of cognitive impairment. Future
work can investigate whether acceleration of regional cerebellum loss occurs in individuals
who ultimately develop cognitive impairment. Future work can also include analysis of the
relationships between regional cerebellum volumes and motor and cognitive function tests.
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In conclusion, we analyzed spatially varying cerebellar patterns with respect to baseline
age, follow-up interval, and sex in non-demented subjects older than 50 years. The results
show that both age differences and longitudinal declines in regional cerebellar volumes.
The effects of age and aging vary across subregions. Additionally, longitudinal changes can
depend on baseline age and sex. Our findings can help to further understand the trajectories
of cerebellum changes during normal aging and provide a normative standard against which
effects of disease can be measured.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Example fitted population average trajectories by sex. Thick lines indicate the trajectories.
Dots indicate volumes of randomly selected subjects and are connected by thin lines for the
same subjects. Each thick line segment is plotted with the baseline age at its starting point,
0-4 follow-up years, and 1,400 cm3 ICV.
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Fig. 2.
Raw p-values of baseline age, sex, and follow-up interval for each region. Anterior Lobe
includes Lobules I-111, IV, and V, Posterior Lobe includes Lobule VI, Crus I, Crus Il, and

Lobules VIIB, VIIIA, VIIIB, and IX, and Flocculonodular Lobe includes Lobule X. Ver:
Vermis. CM: Corpus Medullare.g: Fixed coefficients.
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Table 2

Exclusion criteria.

Reason No. subjects  No. images
Failed MNI alignment 14 30

Failed inhomogeneity correction 1 1

Failed parcellation 18 27

Image artifacts 12 12
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Table 3

Sample characteristics. Follow-up intervals are calculated for subjects with two or more visits.

Overall Female Male
Number of subjects 822 454 368
Number of visits 2,023 1,136 887
Age (years)
Mean (SD) 70.7 (10.2) 69.8 (10.0) 72.0 (10.3)
Range 50.1-95.1 50.1-95.1 50.8-94.7
Follow-up (years)
Mean (SD) 3.7(1.9) 3.8(1.9) 3.5(1.9)
Range 0.8-9.3 0.8-9.3 0.8-9.0
ICV (cm?3)
Mean (SD) 1,388.12 (140.20)  1,309.58 (105.96)  1,485.02 (114.32)
Range 999.75-1,886.29  999.75-1,672.97  1,216.47-1,886.29

Number of subjects by the total number of visits

© 0o N o 0o~ W N -

285
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53
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8
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2
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ICCs of cerebellar regions.

Region ICC Region ICC
Corpus Medullare  0.96  Vermis VI 0.96
Vermis VII 096  Vermis VIII 0.98
Vermis IX 095 Vermis X 0.94
Left Lobules I-111  0.94 Right Lobules I-111  0.95
Left Lobule IV 0.90 Right Lobule IV 0.87
Left Lobule V 0.89 Right Lobule V 0.89
Left Lobule VI 0.97 Right Lobule VI 0.97
Left Crus | 0.96 RightCrusl 0.97
Left Crus 1l 0.92 Right Crus Il 0.93
Left Lobule VIIB  0.93 Right Lobule VIIB  0.91
Left Lobule VIIIA  0.94 Right Lobule VIIIA  0.94
Left Lobule VIIIB  0.93 Right Lobule VIIIB  0.95
Left Lobule IX 0.99 Right Lobule IX 0.99
Left Lobule X 0.95 Right Lobule X 0.94
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