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The contribution of medial temporal lobe structures in 
visual preparation, encoding, rehearsal and retrieval

Synopsis
The perirhinal cortex (PrC) and the hippocampus play different roles in memory 
processing. It has been documented that the activation of areas in the medial 
temporal lobe (MTL) follows both an anterior-posterior activation pattern, and a 
hemispheric pattern, relative to the type of information that is processed. In this 
fMRI study we used a visual object encoding task with selective instructions to 
encode either object identity or object position. We hypothesised that encoding 
of object identity (vs. position) would yield significantly different activation pat-
terns in the MTL, both in substructures and in the hemispheric relationship.This 
hypothesis was supported; MTL regions showed different activation patterns de-
pendent on the type of task; and there was a hemispheric asymmetry for the en-
coding-recall tasks. These results demonstrate that subregions of the MTL are 
selectively activated depending on the kind of task and content being encoded 
and recalled. The results also confirm previous reports of a hemispheric differ-
ence during mnemonic processing.
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Analysis
Regions of interest (ROI) were drawn following the Insausti et al. [7] protocol. 
Three structures in each hemisphere were drawn: PrC, pHPC and HPC. All 
ROIs were drawn in native space using MNI Display (Figure 2A).
Data analysis was performed using SPM2 (http://www.fil.ion.ucl.ac.uk/spm). 
Realignment and smoothing (FWHM=6 mm) were used. Encoding and 
recognition conditions (OE, PE, OR and OR) were used as separate regressors 
in the analysis. The regressors were convolved with a canonical hemodynamic 
response function and its temporal derivative. Nuisance regressors for 
respiration, heartbeat and motion were included in the analysis. Significance 
of the contrasts OE>PE and OR>PR were tested using one-sample t-tests. 
Behavioural analysis was performed in SPSS 12.0.

Results
Behavioural analysis showed no significant difference in subjects’ performance, 
as all subjects were at ceiling performance level. The fMRI analysis showed 
individual activation profiles according to memory epochs and content (Figure 
2B). There was an overall tendency for anterior portions of the MTL to be 
activated by object processing while position processing tended to activate 
more posterior portions of the MTL. A hemispheric asymmetry was seen 
– the left hemisphere MTL tended to be more activated (Figure 2C). The 
results correspond to recent reports and models of the contribution of MTL 
structures and hemispheric asymmetry to memory formation and retrieval.

Theory

Recent studies in cognitive neuroscience suggest that structures of 
the medial temporal lobe (MTL), including the perirhinal cortex (PrC) 
parahippocampal cortex (pHPC) and the hippocampus (HPC), play different 
roles in memory formation and retrieval [1-3]. Using fMRI we studied the 
effects of attention to content (object vs. position) in different epochs of 
encoding and retrieval (preparation, encoding, rehearsal and recognition). 
Based on previous research, we expected that the MTL substructures would 
play different roles depending on content and memory formation epochs.

Methods
MTL of twelve healthy, young subjects (9 female; mean age 28.0, range 23-31) 
11 right handed, 1 left handed) were scanned using BOLD fMRI in a Siemens 
Magnetom Trio 3T MR skanner with a GE-EPI sequence optimised for the MTL 
structures (TR=2000 ms, TE=30 ms, 64x64 matrix) [6]. Each session produced 
301 volumes of 33 slices, voxel size was 3x3x2mm, total scan-time was 602s. 
The task involved 14 blocks. Each block included: an instruction cue, 6 stimuli 
presented serially for encoding, a rehearsal epoch, and 6 stimuli presented serially 
for old/new recognition judgments. Each encoding stimulus was a unique, coloured 
Snodgrass and Vanderwart-like object presented in 1 trial-unique location among 
9 locations of a 3x3 spatial grid. During rehearsal, a blank grid was displayed. 
Recognition stimuli were 3 old and 3 novel stimuli in random order. The task cue 
instructed the subject either to encode (and rehearse and recognize) the objects 
(OE) or the grid locations (OP) in the subsequent series of stimuli. 8 object and 6 
position blocks were presented in a fixed pseudorandom order (see Figure 1).

Figure 1: The behavioural paradigm. Note that the stimulus types during the encoding phase 
are identical, and that the only varying aspect is the foregoing instruction.

Figure 2: (A) Schematic illustration of MTL ROIs: Green = HPC;  orange = PrC; cyan = 
pHPC (pink = amygdala and blue = entorhinal cortex not presented in this analysis). (B) 
ROI analysis (beta values) of OE>PE (top) and OR>PR (bottom) for each ROI (5,6=PrC; 
7,8=pHPC; 9,10=HPC). (C) Left-right difference for OE>PE (left) and OR>PR (right), 
where 1=left and 2=right hemisphere. 


