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2 clinical ways to explore memory in clinical practice

Anatomo-clinical:

Case reports

Animal studies

Neuropsychological

Models 

Neuropsychological testing

A region = a function A model explains a 
function

Functional brain imaging

Cerebral network = a function

?



Short term 
memory/working 

memory

Long term memory

Localization of memory systems

Declarative memory 
(explicit/conscious)

Non declarative 
memoryMémoire 

(implicit/unconscious)

Semantic memory

(knowledges)

« I know that…. »

Episodic memory

(autobiographical)

« I rememeber that…. »

Procedural memory Priming  

« Minimal 
modifications 

induced/ a known 
stimulus »

Conditionning 

Emotional 
response

Motor 
response



Episodic memory

Contextual memory

Autobiographical with 

a strong spatial and 

temporal link

: « when, where 

regarding to me »



BINDING

ENCODING

INFORMATION 
TO MEMORIZE

STORAGE

RECOLLECTION

consolidation



Encoding-binding

 Encoding: presentation of a 
set of traits representative 
of the different attributes 
or items of this episode: 
physical attributes (shape, 
color ...) and contextual 
(emotional, semantic, spatial, 
temporal, social, ...)

 then their binding by a so-
called binding process to 
form a coherent and non-
fragmentary representation.

Emotional context



Consolidation 

 Reactivation and thus reinforcement of the mnemic trace 
of the constituent features of the episode (LTP)

When a memory is created, activity patterns in the neurons become inscribed 
in their connections, leaving a trace known as an engram



 Early stage: takes place in the hippocampus during sleep

 Late stage: is the hippocampus involved?

Consolidation 

Less forgetfulness after period with slow sleep 
"SWS" (slow wave sleep) that with waking or 
REM (REM sleep)



THEORY 1

THEORY 2 

(alternative)

Consolidation: late stage 

Standard consolidation 

theory (SCT) posits that 

memory ultimately 

becomes reliant solely on 

neocortex.

multiple trace theory (MTT) posits 

that consolidation generates in 

cortico-hippocampal

networks multiple traces, 

converting memory to a widely

distributed form resistant to 

hippocampal damage
Theory 2: Hippocampus acts equally with neocortex 

Theory 1: Hippocampus doesn’t act



Consolidation 
Theory 3: Scene construction theory

When recalling a recent event, the hippocampus constructs a series of coherent scenes from 
this episode through hippocampo-neocortical interactions. These quickly disappear from the 
hippocampus when the representations are consolidated in the neocortex.

Theory 3: The hippocampus can reconstruct past experience in the 

absence of the original trace



Consolidation
-summary-



Pattern separation & pattern completion

 Pattern separation :

 process that minimizes overlap between 
patterns of neuronal activity representing 
similar experiences.

 Supported by the dentate gyrus

 Pattern completion: 

 the ability to recall a whole memory from a 
partial cue

 supported by CA3 and CA1?

 may mediate cortical reinstatement during 
retrieval.

Pattern separation and pattern 
completion are independent processes



Storage

Unknown phenomenon 



Recollection

 Process specifically allowing to activate the trace in 
memory of the episode and to make it accessible to the 
conscience.

 Different stages involving: 
 a recovery effort (level of processing resources devolved to the recovery 

attempt)

 a recovery strategy

 a monitoring of recovery (process of control and verification that the 
recovered episode is the one sought)

 a step of success of recovery when all the aforementioned parameters 
result in the correct (efficient) reminder of the episode.



 Recalling past events with detail and accuracy depends on :

 the ability to remember the contextual features of an event (i.e., 
source memory)

 the ability to distinguish among similar events in memory (i.e., 
pattern separation)

 the ability to mediate cortical reinstatement from a partial cue 
(i.e pattern completion)

Recollection



 to distinguish from a recognition based on a simple sensation of 
familiarity without specific details on the items characterizing 
the episode recognized (non-episodic memory) 

 Paradigms Remember (conscious recovery in episodic memory) 
versus Know (non-episodic memory familiarity) "R-K"

Recollection



Modalities

BINDING

ENCODING

STORAGE

RECOLLECTION

consolidation

verbal

non verbal (visuo spatial)

olfactive



Lateralization of episodic memory systems

Visuo-spatial 
memory

Verbal memory

PRESENTATION
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Papez 
circuit

Cortex 
cingulaire

Hippocampe

Corps 
mamillaires

Thalamus 
antérieur

Fornix 
Faisceau mamillo-

thalamique 

Is emotion a magic product or is it a physiological 

process which depends on an anatomic mechanism?

Papez JW. À proposed mechanism of emotion. 1937. J Neuropsychiatry Clin Neurosci.



Korsakoff syndrome

Memory deficit related to 

alcool abuse

Anterograde amnestic 

syndrome

Confabulation 

False recollections

Bilateral necrosis of 

mamillary bodies 



HM patient, Scoville et Millner, 1957

bitemporal 
epilepsy??

Normal IQ

Anterograde amnesia
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fMRI activations

 Network Localization: 

 Interconnected regions operating in a network

 Crucial regions?

 Exact role of these regions? 

 Intercurrent processes?

 Link between the degree of activation and the efficiency of the task?

 Activation timeline in the network?

 Activations / deactivations?

 Outstanding issues………………



Key regions



New actors

Prefrontal cortex

Parietal cortex



Système HERA

Sujet sain
Pre frontal Activation







Left prefrontal activation 
during encoding depends on the 
type of material:

 Left: verbal material

 Right: nonverbal material

L R

Kelley et al. Neuron 98, 20: 927-936

HERA model: controversies 



the encoding component of HERA is:
- supported if: (Enc L–Ret L) > (Enc R–Ret 

R) 
- violated if (Enc L–Ret L) < (Enc R–Ret R) 

the retrieval component of HERA is: 
- supported if (Ret R–Enc R) > (Ret L–Enc

L)
- violated if (Ret R–Enc R) < (Ret L–Enc L)

Hera model revisited



Two hypotheses to explain the 
asymmetry:

Process-specific asymmetry: 
the HERA system itself

Material-specific asymmetry: 
depends on the type of material
(verbal versus non verbal)

Hera model revisited



Hera model revisited

• It is known that episodic encoding relies heavily on semantic processes, so it is 
reasonable to imagine that the left lateralization of encoding is attributable to semantic 
processing of incoming information,

• The right lateralization of episodic retrieval has been explained in terms of "retrieval 
mode".

• Hypothesis that, at the beginning of evolution, mental functions were less numerous 
than today and that their cortical basis was bilateral. As more sophisticated mental 
abilities evolved, the demand for cortical space increased. The solution to this problem 
was hemispheric specialization: new functions were taken over by one hemisphere, at the 
cost of displacing earlier functions that were nevertheless retained in the other 
hemisphere.

Process-specific asymmetry

Why is the left hemisphere specialized in semantic memory and 
episodic encoding and the right in episodic retrieval?



Parietal activation

 Reproducible activations of the 
left and right parietal cortex and 
precuneus in encoding and 
recollection tasks



Crucial regions (Lesion = dysfunction)

 Imaging can not answer this question



Role of these regions?

 Hippocampus

 Parahippocampal Cortex 

 Neocortical regions
 Prefrontal

 pariétal



 Role in all stages of episodic memory? 

 Preferential lateralization?

 Preferential intrahippocampal segregation? 

 along the anteroposterior axis

 among hippocampal fields

Hippocampal role



1. Encoding & binding

Sujet sainRole in all stages of episodic memory? 

Davachi, 2006

Crucial for binding

items encoding is 

processed in 

parahippocampal 

regions

Hippocampal role



1. Encoding & binding

Sujet sain
Rôle de l’hippocampe

BIC model: tri-compartimental model : Binding of Item and 

Contexts (Ranganath, 2010):

a. The perirhinal cortex preferentially receives afferences

from the areas of the visual processing of the items (the 

way of the What) & has a role of concrete representation 

of the item (example for an object: characteristics of 

form, color, size ... ..) .

b. The parahippocampal cortex has a role of contextual 

representation of the item (spatial, temporal, semantic, 

social...) because of its privileged afferences with areas 

(posterior parietal cortex in particular) more involved in 

the spatial representation, and contextual items (the 

where way)

c. The emotional context seems supported by the amygdala

d. The hippocampus allows the coherent association of the 

different physical and contextual traits of the items 

forming the episode to memorize

Role in all stages of episodic memory? 



Staresina & Davachi, Neuron, 2009

« Surprise memory test »

300 items + 150 leurres

n=3x100

Imagine  and give the probability of the association object-color

Sûr/ pas sûr

Mind the gap: Binding experiences across space and time in the human hippocampus

4 couleurs

25 essais/ couleur



Staresina & Davachi, Neuron, 2009

Binding across time and space: in the hippocampus

Allows the link in episodic memory

Mind the gap: Binding experiences across space and time in the human hippocampus



1. encoding & binding

The binding is facilitated if the 
new episode to memorize is linked 

to semantic knowledge already 
acquired 

Hippocampal role



1. Encoding & binding

Rôle de l’hippocampe

Thirty-five medical students (20 women; age 

range, 23–29 years; mean age, 25.9 years)

Face learning:

In association with a medical diagnosis

In association with a first name 

Encoding in MRI

Recognition outside 

2 MRI sessions: 

T1: 3 months before exam

T1-T2: platform learning

T2: 3 months after, after revision, at the 

moment exams

The binding is facilitated if the 
new episode to memorize is linked 

to semantic knowledge already 
acquired 



1. encodage et binding

Better performance if association with medical knowledge

Improved performance with improved medical knowledge for category 1

The binding is facilitated if the 
new episode to memorize is linked 

to semantic knowledge already 
acquired 

Hippocampal role



Hippocampal role Hippocampal initial involvement 

2. consolidation



Hippocampal role



Hippocampal role Hippocampal initial involvement 

2. consolidation

sleep and repeated 

rehearsal jointly 

contribute to memory 

consolidation



Late consolidation?

2. consolidation

Hippocampal role Role in all stages of episodic memory? 

2 amnesic patients (HM, 

WR) with bilateral medial 

temporal lobe lesions

HM

WR



2. consolidation

Hippocampal role Role in all stages of episodic memory? 

HM

WR

Both patients presented with 

severe autobiographical 

memory deficit, with no time 

gradient (even before the 

hippocampal damage).

Clinical data suggest an hippocampal long term involvement

Late consolidation?



Hippocampal long term involvement

2. Late consolidation

Hippocampal role

Study of natural scene image recognition spanning a 

year with 7-Tesla fMRI

Medial temporal lobe (MTL)

contribution to recognition

persists over 200 days, supporting

multiple-trace theory and

contradicting a trace transfer

(from MTL to cortex) point of view



2. Late consolidation

Hippocampal role

Three groups of participants 

were scanned during a 

memory test either hours, 

weeks, or months after 

viewing a documentary

movie.



2. consolidation

Hippocampal role

High recognition accuracy after hours decreased 
after weeks and remained at similar levels after 
months

Hippocampal engagement during retrieval
remained similar over time 

Hippocampal long term involvement



2. Late consolidation

Results in favor of alternative 
theory

recent and remote 
autobiographical memories is 
represented in the hippocampus 

Hippocampal role



3. storage

Sujet sain

See the late consolidation theory: inside or outside of the hippocampus

Hippocampal role Role in all stages of episodic memory? 



4. recollection
Sujet sain

Conscious recollection of information (vs familiarity)

Wheeler et al. Neuroimage 2004, 21: 1337-1349

Hippocampal role Role in all stages of episodic memory? 



4. recollection
Sujet sain

Review of 20 fMRI studies Diana, 2007, 

Hippocampal role



Lateralization ?

META-ANALYSIS PET: 52 studies from 1992 to 1998

Left Hippocampus Right Hippocampus

Encoding

Verbal 7 0

Visuospatial 5 8

Recollection

Verbal 5 9

Visuospatial 9 9

Sujet sainPreferential lateralization?
Hippocampal role



Words 
Liberté

Philosophie

Jouissance

Fraternité

PatternsFaces Scenes 

Verbal 
memory

visuo-spatial memory

Verbalization

Brain. 2001 Sep;124(Pt 9):1841-54

Material-specific lateralization in the medial temporal lobe and prefrontal cortex during 

memory encoding
Golby AJ, Poldrack RA, Brewer JB, Spencer D, Desmond JE, Aron AP, Gabrieli JD



Hippocampal Lateralization & type of encoded 
material 

Kelley et al. Neuron 98, 20: 927-936

Hippocampal role



Sujet sain

A meta-analysis of PET studies

studies:  HIPER model

 episodic encoding: anterior

activation 

 episodic recollection: 

posterior activation

 Why?

Hippocampal role

Anteroposterior axis?



Sujet sain

2 networks undergoing external & internal attention processes

Hippocampal role

Anteroposterior axis?



Sujet sain

HERNET model

Encoding of sensory inputs is 

related to external attention 

processes

Hippocampal anterior part

Reminder is related to internal attention 

processes (DMN)

Posterior part of the hippocampus

Hippocampal role

Anteroposterior axis?

meta-analysis: 167 individual studies 

with 2,856 participants: model 

HERNET valid and extends to 

amygdala for previous hippocampal 

activations



Sujet sain

Meta-analysis of 94 studies

Localisation according tne 
anteroposterior axis will depend 
of the type of material that 
must be encoded:

Verbal: anterior activation 

Non verbal: posterior activation 

Less evident during recollection

Hippocampal role

Anteroposterior axis?

Why?



Sujet sain

Long term consolidation

Short term consolidation

Hippocampal role

Anteroposterior axis?



Sujet sain

Yes but different hypotheses

• Involvement of internal ou 
external attention processes

• Type of material

• Long term consolidation vs short 
term consolidation

Hippocampal role

Anteroposterior axis?



Trisynaptic circuit: 

1. EC Neurons Project on DG / 

Perforating Pathway (PP) 

2. DG projects on CA3: Mossy

fiber channel (mf)

3. CA3 projects on itself / 

collateral recurring (rc) and on 

CA1 / Schaeffer collateral (sc)

4. CA1 sort / fornix & fimbria

(fim) & also receives by this

same way commissural 

afferences (comm) of the 

contralateral hippocampus

among hippocampal fieldsHippocampal role



Pattern completion

 Ability to recall a whole memory 
from a partial cue

 Theoretical models of 
hippocampal function in memory 
posit that hippocampal pattern 
completion may be necessary to 
reactivate, or bring back to mind, 
the details associated with a past 
experience and that hippocampal 
pattern completion may, thus, 
mediate cortical reinstatement

Hippocampal role



Pattern completionHippocampal role

Successful memory for unique episodic events is reflected by neural reinstatement of patterns of activity in the 

hippocampus, particularly in right CA1 . 

Task delay between encoding & retrieval



FMRI encoding Decision category 

"inside" or "outside" for objects 

Different bold activations for CA1 & 

CA3 / DG

Pattern separation



Role of the perirhinal cortex

1. Familiarity detection (Know)

Montaldi, 2006



2. Encoding physical traits items

Diana, 2007

Role of the perirhinal cortex



3.Pattern completion

Successful memory for unique episodic events is reflected by neural reinstatement of patterns of activity in the 

hippocampus, particularly in right CA1 and in the perirhinal cortex

Task delay between encoding & retrieval

Role of the perirhinal cortex



Role of the entorhinal cortex

Gateway to the hippocampus

Specific role?



Role of the parahippocampal cortex

1. Contextual encoding

2. Help to spatial context retrieval

Cognitive, Afective, & Behavioral Neuroscience-2023-

https://doi.org/10.3758/s13415-023-01140-1

Meta-analysis (18 studies)



Role of the prefrontal cortex



-ventrolateral cortex: maintaining and updating information 

- dorsolateral cortex: selection, manipulation and control of 

information 

- lateral frontal pole: selections of processes, objectives to be 

achieved and how to achieve them

Fletcher and Henson, 2001

Role of the prefrontal cortex



Interactions between 
hippocampus and prefrontal 
cortex during encoding



Interactions between 
hippocampus and prefrontal 
cortex during consolidation



Interactions between 
hippocampus and prefrontal 
cortex during recollection



Role of the prefrontal cortex

Temporal context retrieval is supported by the 

dorsolateral prefrontal cortex

18 studies

264 participants



-in summary-



Role of the parietal cortex

Focus on the 
posterior pariétal 
cortex 



VPC associated with

Effective recollection 

Source monitoring 

High degree of confidence in 

the answers

DPC associated with 

Familiarity

Low degree of confidence in 

the answers
Role of the VPC +++

Role of the parietal cortex



parietal cortex involvement in establishing contextual links helping to recollection

Role of the parietal cortex



Role of the parietal cortex

Spatial context retrieval is mainly supported by the parietal cortex

18 studies

369 participants

 the superior parietal lobule employs top-down 

attention to search internally for relevant cues

 the angular gyrus engages bottom-up attention 

guided by spontaneous recovery cues, performs 

executive functions to recover, integrate and 

mentally maintain the episodic representation, 

and conducts binding to integrate the spatial 

context dispersed across the neocortex

 the precuneus mentally reestablishes the spatial

contextual environment.



ENCODING-BINDING

STORAGE

RECOLLECTION

Consolidation (LTP/SLEEP)

In summary……………..



Intercurrents processes?



Auditory Discrimination

Visual Attention

Self-managed responses

switching

Resolving spatial problems

Semantic verbal fluency

Intercurrents processes?



Déactivations?



Default mode network: network underlying consciousness?

Default mode network

= network of regions activated by 

"default" in passive condition



3 groups:

 children

 teenagers

 young adults

Memory performances improve with age



In adults, good correlation between DMN deactivation and correctly 

recalled scenes

Hypothesis: 

Deactivation of  

DMN allows to 

refocus attentional 

resources on 

success encoding



Outstanding issues

 Time window of age?

 Ageing

 Sub-cortical structures?



Time window?

Classically: 9 months

 Linked to hippocampal circuitry maturation

 Difficulty +++ of adapting paradigms to young 

children



Ageing

Link between age-related 
episodic memory decline and 
the hippocampus during active 
mnemonic processing, 

Alterations in hippocampus–
neocortex connectivity 
occurring with age contribute 
to impaired episodic memory.

the degree of connectivity decreased as a function of age 



Ageing

Recently acquired information is strengthened 

and consolidated during sleep. 

For hippocampus-dependent memory, this 

process is assumed to occur mainly during slow 

wave sleep. 

Changes in sleep patterns in older adults can 

contribute to the disruption of the consolidation 

process during sleep and thus lead to cognitive 

impairment.



Subcortical structures

Hippocampal efferents to subcortical 

structures depend completely or 

predominantly on the fornix 



Interactions with 
subcortical structures
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Initial event

(febrile convulsion , 
head trauma, 

infection, stroke…)

Acute damage

Spontaneous 
seizures

Progressive damage

Hyperexcitability

Genetic 

Age
Latent   period

HP1-HP2

HP2-HP4

HA1-HA2

HA2-HA3

HA3-HA4

HA4-HA5

Amy1-Amy2

Amy2-Amy3

Amy3-Amy4

Amy4-Amy5

Amy5-Amy6

TePol1-TePol2

TePol2-TePol3

TePol3-TePol4

Ins1-Ins2

Ins2-Ins3

OrbPo1-OrbPo2

OrbPo2-OrbPo3

OrbPo3-OrbPo4

OrbPo4-OrbPo5

1 sec
 50 µV

neuropsychological 

sequellae

Human model: MTLE with hippocampal sclerosis



Predicting potential postoperative memory 
deficits



Indépendant evaluation of hippocampal function

Arch Clin Neuropsychol. 1995 Oct;10(5):413-32

Hippocampal adequacy versus functional reserve: predicting memory functions 

following temporal lobectomy
Chelune GJ

2) Functional 
reserve:

brain plasticity

1) Hippocampal 
adequacy:

less is good



Activation 
ipsilateral to the 
seizure focus  = 
bad Prognosis

Reduced activation 
ipsilateral to the 
seizure focus  = 
good prognosis

T2T1pred

0 40 80
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T2T1 verbal = 7.62 + 7.25*LDR – 5.65*SIDE – 0.58*T1verbal

Hippocampal 
adequacy



Important but not 
crucial

Conclusion: our findings suggest that memory function in unilateral 
TLE is betetr sustained by activation within the damaged 

hippocampus and that reorganization to the undamaged MTL is an 
unefficient process, incapable of preserving memory function

RTLE

LTLE

Functional reserve



Positive correlation between FA and 
delayed memory in the anterior MTL

New  predictors: DTI

Positive correlation between FA and 
immediate memory in the whole TL



New predictors: connectivity

1. functional connectivity between the posterior congulate cortex and the epileptic hippocampus

a. Good Connectivity = good pre operative memory

b. Good Connectivity = bad postoperative memory

2. functional connectivity between the posterior congulate cortex and the contralateral hippocampus

a. Reinforcement Connectivity = best postoperative memory outcome

20 right MTLE, 18 left MTLE



SEEG

Nature Neurosciences, 2001 (4): 1259-1264

Human memory is accompanied by rhinal-

hippocampal coupling and decoupling

Fell et al.

J of Neurosciences, 2003 (23): 10809-10814

Theta and gamma oscillations during 

encoding oredict subsequent recall

Sederberg et al.



Conclusion

CIRCUIT DE PAPEZ

LOBE DE BROCA


