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Autobiographical memories are reconstructed at retrieval [1]. Important to
this reconstructive process is the hippocampus that has the critical role of
bringing together the details associated with a specific memory [2].

Research has proposed that the anterior and posterior hippocampus serve
different functions such that the anterior hippocampus supports the initial
reconstruction of a mental representation of a memory whereas the
posterior hippocampus supports retrieving specific details associated with
a memory [2,3].

Past work has shown that factors such as rehearsal can alter the neural
representation of memories with decreases in activity described after
repeated presentation of a stimulus [4,5,6].

Objective: Investigate how rehearsal can alter the support for remember
autobiographical memories
Hypothesis: Activity in the anterior hippocampus, but not posterior
hippocampus, will be modulated by rehearsal.

N = 24 healthy young adults (7 males, mean age = 21,34 years)

We took an ROI approach and extracted beta weights from the
bilateral anterior and posterior hippocampi, VMPFC, and PCC.

1. Pre-scan autobiographical memory generation

At least 24 hours prior the scanning session, 6 recent (i.e., from the past
6 months) and 6 remote (i.e., from the past 5 to 10 years) memories
were selected for each participant. These memories were matched for
lifetime rehearsal, importance, emotionality, and vividness.

2. fMRI scan session

Participants completed 6 functional runs, each including the recall of 8
autobiographical memories. Every memory was recalled four times in
total (T1, T2, T3, T4) in a randomized order throughout the experiment.

fMRI analyses

Hippocampi ROI creation 
1- Following the OAP protocol
[7,8,9], every subject’s hippocampi
were manually segmented into
anterior and posterior ROIs.
2 - To delineate our 4 ROIs of
interest (i.e., left anterior, left
posterior, right anterior, and right
posterior hippocampus), segments
were normalized and averaged.

Figure 1. Group averaged segmental 
hippocampal regions of interest (ROIs)

Hippocampal subregion activity over time

Figure 2. Hippocampal activity (in beta weights) as a function of repetition (data were collapsed across memory age due to a lack of a
significant effect of memory age). Data from each ROI was analyzed separately. Significant results are represented by an asterisk
(p<0.05). Error bars indicate standard error of the mean across the participants.

The activity within each subregion of the hippocampus was submitted to a repeated measures ANOVA
with memory age, repetition, and ROI as within-subject factors.

We found a main effect of repetition in the left anterior hippocampus (F(3,69)=3.636, p=0.017,
η2p=0.136) and the right anterior hippocampus (F(3,69)=2.829, p=0.045, η2p=0.110). Tukey’s post-hoc
tests revealed a significant decrease in hippocampal activity between T1 and T4 (left anterior: p=0.009 ;
right anterior: p=0.024).

We found no main effect of memory age and no interaction effect for all hippocampal subregions.

VMPFC and PCC activity over time

We extracted beta weights from the ventromedial prefrontal cortex (VMPFC) and the posterior
cingulate cortex (PCC), and looked at the effect of rehearsal for each region. We conducted a
repeated-measures ANOVA with repetition (T1, T2, T3, and T4) and memory age (recent and remote)
as our within-subject factors.

There was no main effect of repetition and memory age for each region. We also did not find an
interaction effect.

Change scores

To explore this effect further, we wanted to compare the effect of rehearsal simultaneously for all
ROIs so we could assess how repetition impacted neural activity differently for each brain region.
We calculated change scores which are reflective of the difference in beta weights between T1 and
T4 for each ROI. We submitted the change scores to a repeated measures ANOVA with ROI (left
anterior hippocampus, right anterior hippocampus, left posterior hippocampus, right posterior
hippocampus, VMPFC and PCC) and memory age (recent and remote) as the within subject factors.

Figure 3. Change scores for the hippocampal
sub-regions, the VMPFC and the PCC, as
measured by differences between the first
retrieval minus the last retrieval (data were
collapsed across memory age since this level
had no effect). Significant results are
represented by an asterisk (p<0.05). Error
bars indicate standard error of the mean
across the participants.

The results of our analyses showed a main effect of ROI, F=7.100, p<.001, η2p=0.236. We found
no main effect of memory age, F=0.772, and no interaction of ROI and memory age, F=0.447.

We show evidence for a repetition-
related decrease in activity only in
the anterior hippocampus,
suggesting that repeated retrievals
alter the constructive demands of
the retrieval task.

We also compared the magnitude
of change in each ROI which
allowed us to see that the bilateral
anterior hippocampi and the
VMPFC were the two brain
regions which were the most
affected by rehearsal.

Taken together, we speculate that
the anterior hippocampus and
the VMPFC work together to
support the initial construction
of autobiographical memories.

This study was supported by a Canada Research 
Chair awarded to SS and Natural Sciences and 

Engineering Research Council of Canada 
awarded to SS.

[1] Svoboda, E., McKinnon, M.C., Levine, B., 2006. The functional neuroanatomy 
of autobiographical memory: a meta-analysis. Neuropsychologia 44 (12), 2189–
2208. https://doi.org/10.1016/j.neuropsychologia.2006.05.023.
[2] Sheldon, S., & Levine, B. (2016). The Role of the Hippocampus in Memory and 
Mental Construction. Annals of the New York Academy of Sciences 1369(1):76–
92.
[3] Zeidman, P., & Maguire, E.A. (2016). Anterior Hippocampus: The Anatomy of
Perception, Imagination and Episodic Memory. Nature Reviews 
Neuroscience 17(3):173–82.
[4] Gonsalves, B.D., Kahn, I., Curran, T., Norman, K.A., & Wagner, A.D. (2005). 
Memory Strength and Repetition Suppression: Multimodal Imaging of Medial 
Temporal Cortical Contributions to Recognition. Neuron 47(5):751–61.
[5] Xue, G., Mei, L., Chen, C., Lu, Z.L., Poldrack, R., & Dong, Q. (2011). Spaced 
Learning Enhances Subsequent Recognition Memory by Reducing Neural 
Repetition Suppression. Journal of Cognitive Neuroscience 23(7):1624–33.
[6] Vannini, P., Hedden, T., Sullivan, C., & Sperling, R.A. (2013). Differential 
Functional Response in the Posteromedial Cortices and Hippocampus to Stimulus 
Repetition during Successful Memory Encoding. Human Brain 
Mapping 34(7):1568–78.
[7] Olsen, R. K., Nichols, E. A., Chen, J., Hunt, J. F., Glover, G. H., Gabrieli, J. D., &
Wagner, A. D. (2009). Performance-related sustained and anticipatory activity in 
human medial temporal lobe during delayed match-to-sample. Journal of 
Neuroscience, 29(38), 11880-11890.
[8] Palombo, D. J., Amaral, R. S., Olsen, R. K., Müller, D. J., Todd, R. M., 
Anderson, A. K., & Levine, B. (2013). KIBRA polymorphism is associated with 
individual differences in hippocampal subregions: evidence from anatomical 
segmentation using high-resolution MRI. Journal of Neuroscience, 33(32), 
13088-13093.
[9] Yushkevich, P. A., Amaral, R. S., Augustinack, J. C., Bender, A. R., Bernstein, 
J. D., Boccardi, M., ... & Chételat, G. (2015). Quantitative comparison of 21 
protocols for labeling hippocampal subfields and parahippocampal subregions in 
in vivo MRI: towards a harmonized segmentation protocol. Neuroimage, 111, 
526-541.
[10] Tzourio-Mazoyer, N., Landeau, B., Papathanassiou, D., Crivello, F., Etard, 
O., Delcroix, N., … Joliot, M. (2002). Automated anatomical labeling of 
activations in SPM using a macroscopic anatomical parcellation of the MNI MRI 
single-subject brain. Neuroimage, 15(1), 273–289.

VMPFC and PCC ROI creation 
The ROIs for the VMPFC and the PCC were created using 
the Automated Anatomical Labeling (AAL) brain atlas [10].
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