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Abstract 

 
The hippocampal complex, is widely accepted as the structure supporting the acquisition of 

declarative memories. Another less unanimously shared position is that the same structures, which 

are necessary for the acquisition of declarative memories, are involved in the maintenance of them 

in the period after the initial learning occurred. Evidence from amnesic patients that suffered dam-

age to the hippocampal complex suggests, that the retrievability of memories acquired prior to the 

trauma causing amnesia is similarly affected as the capability to form new memories. As remote 

memories are frequently found preserved, a process of consolidation is assumed, which makes de-

clarative memories gain independence from the hippocampal complex with time. 

Two theories currently are in the centre of the debate about consolidation. The “Standard 

Model of Memory Consolidation” (SM) assumes the temporally-limited dependency of all kinds of 

declarative memories on the hippocampal complex until the consolidation process is complete. The 

“Multiple Trace Model” (MTT), on the other hand, assumes a similar process of consolidation for 

semantic memories, but the lifelong dependency of episodic memories on the hippocampal com-

plex.  

The aim of this paper is to reflect the consolidation debate and to evaluate the capability of 

the theories to explain the available evidence from amnesic patient studies. In the end of this paper 

two conclusions will be drawn from the patterns of anterograde and retrograde memory impairment. 

Firstly, the impairment of remote episodic memories can extend at least over 4 decades, which is 

indicating an extremely long-lasting consolidation process. Secondly, the complexity of a memory 

trace and the frequency of re-activation are factors determining the time course of consolidation, 

leading to differences in the extents of impairment between semantic and episodic memories.  

Both theories are exhibiting shortcomings in their capability to explain these patterns. The 

SM is assuming a consolidation period of a few years, and is, in its original version, not able to ac-

count for a difference in the extents of the retrograde impairment between semantic and episodic 

memories. However, it can be reconciled with the data by the integration of quantitative differences 

in complexity and re-activation frequency between semantic and episodic memories, and by aban-

doning the interpretation of consolidation as a mechanism of adaptation lasting a few years. 

The MTT, on the other hand, is assuming the dependency of episodic memories on the hip-

pocampal complex, as long as they exist. Though there are several studies indicating a susceptibility 

of remote episodic memories to damage in this region, a lifelong dependency of episodic memories 

could not be established reliably. However, there are uncertainties about the quality of remote epi-

sodic memories in normal subjects, and future studies might show that memories exhibiting a rich 

and multifaceted episodic quality are dependent on the hippocampal complex, as the MTT claims.  
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1. Introduction 

 

1.1 Aim and Structure of the Thesis 

 

The concept of consolidation is referring to a shift of dependency of memories from one 

brain system, the hippocampal complex, to another one, the neocortex. It was established to account 

for the greater susceptibility of recent declarative memories, compared to remote declarative memo-

ries, to the syndrome of amnesia after damage to the medial temporal lobes (Squire et al., 1984; 

Squire & Alvarez, 1995; Nadel & Moscovitch, 1997).  

Main support for this phenomenon can be found in the form of retrograde amnesia, which is 

the loss of memory encoded prior to a brain trauma. Studies of retrograde amnesia are conducted in 

the research fields of neuropsychology and behavioural neuroscience. The dense loss of recent 

memories on the one hand, and the relative preservation of remote memories on the other, suggest a 

continual process transpiring after the initial registration of information, contributing to the perma-

nent storage of the information.  

Studies of anterograde amnesia, the incapability of forming new declarative memories, es-

tablished the hippocampal complex as the key system supporting the acquisition of those memories. 

The hippocampal system binds information, initially registered by neocortex, into a memory trace 

(Squire & Zola-Morgan, 1991). As retrograde amnesia is virtually always observed after damage to 

the hippocampal system, it is assumed that the same structures that are necessary for the acquisition 

of a memory are also involved in the consolidation of it (Squire & Alvarez, 1995).  

Two theories describe the interplay between the hippocampal complex and neocortical stor-

age sites to account for the phenomenon of memory consolidation. The “Standard Model of Mem-

ory Consolidation” assumes a temporally-limited involvement of the hippocampal complex in the 

maintenance of declarative memories (Squire et al., 1984; Squire & Alvarez, 1995; Meeter & 

Murre, 2004). After the process of consolidation ends, a memory is solely dependent on neocortical 

storage sites outside the hippocampal complex.  

The “Multiple Trace Model” proposes the necessity of the hippocampal complex for main-

taining episodic or equally context-rich semantic memories, as long as they exist (Nadel & Mosco-

vitch, 1997; Fujii et al., 2000). Those memories are strengthened with time, but rather by a process 

of (memory) trace multiplication within the hippocampal structures, than by consolidation in the 

traditional sense. Semantic memories that are less context-rich, or even context-free, are consoli-

dated with time, thus are getting independent of the hippocampal complex. 



Christian Mühl          Memory Consolidation 6 

In this thesis the current debate on the issue of memory consolidation in the neuropsy-

chological domain will be examined. The two consolidation theories will be evaluated regarding the 

neuropsychological evidence found in single-case and group studies of amnesic patients. The aim is 

to find out, which, if any, of the theories can account adequately for the observed patterns of mem-

ory impairment. Furthermore, possibilities to resolve current lack of clarity of the neuropsychologi-

cal evidence will be discussed regarding an advance towards a resolution of the consolidation de-

bate. 

The thesis is divided into four parts. In the remainder of this chapter, the introduction, I will 

provide the necessary background regarding the concepts of consolidation and memory systems in-

volved, and the neuroanatomy of the hippocampal complex. The second part of the thesis will pro-

vide a short overview of the development of the concept of consolidation. I will then introduce the 

two theories of memory consolidation, and describe the predictions made by both. 

Though the existence of a process of consolidation is mainly supported by the syndrome of 

retrograde amnesia, the study of anterograde amnesia can give important clues for the delineation of 

the function of the hippocampal complex. Therefore evidence from neuropsychological studies of 

retrograde and anterograde amnesia will be presented in the third part with consideration of the pre-

dictions made by both theories of consolidation. 

The last part of the thesis will evaluate both theories in terms of the presented evidence, 

mainly the nature and extent of gradients of retrograde amnesia, and a possible dissociation within 

(the consolidation of) declarative memory. Finally possible empirical future perspectives will be 

discussed, which would allow to clarify the nature of retrograde amnesia, and thus of the phenome-

non of consolidation. 

 

1.2 What is Consolidation? 

 

“Consolidation” of memory describes a process by which a memory becomes independent 

of the hippocampal complex (Squire & Alvarez, 1995). This does not necessarily have to be a trans-

fer process, as it is generally assumed that the elements of memories are stored in neocortex, and 

just initially bound together by the hippocampal structures (Meeter & Murre, 2004).
1
  

The term “consolidation” is also used in other contexts in memory research. For example it 

could refer to a general fixation process that strengthens a memory regardless of involved brain sys-

tems or structures. Or it could describe molecular cascades and morphological changes, gradually 

stabilizing synaptic modifications, also referred to as “cellular consolidation” (McGaugh, 2000). 

                                                
1 Therefore the representation of a memory that is maintained by the hippocampal complex is generally referred to as 

memory trace, binding together the elements initially registered and encoded in the neocortex. 
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The level of analysis of this thesis does not lie on the cellular level, rather it is dealing with the par-

ticipation of different brain systems in memory after the acquisition of the memory. If this is held in 

mind, there should be no confusion about the usage of the term “consolidation”. 

 

1.3 The Amnesic Syndrome 

 

Amnesia plays a key role in the domain of neuropsychological research on memory. It is 

characterized by an isolated impairment of long-term memory. Intelligence, perception and lan-

guage capabilities are spared. The syndrome can be caused in several ways: open- or closed-head 

injury, vascular accident (infarct), infection, substance abuse (Korsakoff’s), or degenerative neuro-

logical disease processes (e.g. Alzheimer’s), all of which have particular neural profiles (Brown, 

2002). Two forms of amnesia can be distinguished [Fig. 1]. The loss of the ability to acquire new 

information is known as anterograde amnesia (AA). The complementary deficit is retrograde amne-

sia (RA), which is the inability to retrieve memories made prior to the onset of the syndrome (Ka-

pur, 1999).  

 

P e r io d  o f re tro g ra d e am n es ia P e r i o d  o f  a n t e r o g r a d e  am n es iaIn cid e n t  c au s in g  
a m n e s ia

 

Figure 1. Temporal Relations of Retrograde and Anterograde Amnesia to the Point of Amnesic Onset  

 

RA can be temporally-limited, affecting a specific period prior to the onset of amnesia [Fig. 

2 A & B], or extend over the whole lifetime, back to childhood [Fig. 2 C & D]. In the affected life-

time periods, RA can occur in a temporally graded [Fig. 2 A & C] or ungraded manner [Fig. 2 B & 

D]. Graded denotes dense amnesia for recent memories, while remote memories are relatively 

spared, exhibiting “patchy” loss. Ungraded refers to a similar level of impairment over all affected 

time periods.  

While AA gives important clues about the neuropsychology of memory formation, consoli-

dation theories are mainly based on evidence derived from patients suffering temporally graded RA. 

The observable gradient suggests, that neural processes transpire after the acquisition of memory, 

which result in more stable remote memories. Two forms of RA are in the centre of the consolida-

tion debate. A temporally graded RA [Fig. 2 A] after damage to the hippocampal complex indicates, 

that remote memories are not dependent on these structures anymore, but are maintained by other, 

presumably neocortical structures. The length of the gradient would indicate the time course of con-

solidation, that is, for how long a memory is dependent on the hippocampal complex. On the other 

hand, ungraded RA over the whole lifetime [Fig. 2 D] after damage to the hippocampal complex 
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would be evidence against such a process of consolidation. It would rather indicate the necessity of 

the structure for recent and remote memory, without a shift of dependency on structures outside the 

region. The syndrome of retrograde amnesia is also observed in patients with damage to other re-

gions, as the (pre-) frontal cortex or posterior and temporal neocortical regions (Kapur, 1999). How-

ever, those regions are assumed to support general retrieval or storage functions, rather than partici-

pating in the consolidation of memory, and thus are generally excluded from the debate. 

Figure 2. Schematic Examples of Possible Forms of Retrograde Amnesia. The dotted line represents the hypo-
thetical performance of healthy control subjects in a test of memory for periods before the onset of amnesia. The 
solid line reflects the performance of amnesic patients in such a test.  
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1.4 Memory Systems – What Kinds of Memory are we Speaking About? 

 

The domain of memory research is vast and diverse in its subfields, as Endel Tulving (1995) 

stresses, and “any claim about ´memory´ or ´memory impairment´ immediately requires clarifica-

tion”. Therefore, here I will shortly introduce the concepts of memory that are important in the con-

text of the consolidation debate. 

Firstly, amnesia is an impairment of declarative memory. Non-declarative memory is 

spared. This dissociation is held as the most fundamental division in long-term memory, and can be 

described as one between thought and behaviour, respectively. Declarative and non-declarative 

memory can be roughly distinguished by the answer to the question: “Can one hold in mind the 

product of the act of memory?” (Tulving, 1995). Therefore if a memory is consciously retrievable 

(as assessed by (cued) recall and recognition tests) it has to be considered as declarative. Non-

declarative memory is retrieved without conscious effort; tasks are performed without an accompa-

nying sense of awareness that a memory is retrieved. Figure 3 is giving a good overview of this 

gross differentiation. The consolidation debate is neglecting the right side of the figure, while cen-

tring on the left side, which will be introduced in more detail in the following section. 
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Figure 3. Taxonomy of  Long-term Memory (Kandel, 2000) 

 

Secondly, declarative memory can be further subdivided into semantic and episodic mem-

ory. Semantic memory is thought of as the totality of factual knowledge a person possesses. Epi-

sodic memory is thought of as the vivid and detailed remembrance of personally experienced 

events, or autobiographical episodes, memories unique to a certain time and space. Semantic mem-

ory retrieval is accompanied by a feeling of „knowing“ (noetic awareness). Episodic memory re-

trieval is characterized by a feeling of “remembering” (autonoetic awareness), a re-experiencing of 

the autobiographical event, accompanied by „source memory”, a representation of the spatial and 

temporal context of the experienced event (Tulving, 1972). The claim of a fundamental dissociation 

of semantic and episodic memory (dual-store theory) is problematic (McKoon et al., 1986 for a 

comprehensive review of the issue). However, it might be useful, if it can support a better under-

standing of normal memory, and explain the fractionation observed in a presumably unitary domain 

of declarative memory in amnesic patients (Nadel & Moscovitch, 1997).  

Thus in this thesis I will be dealing with anterograde and retrograde memory deficits of de-

clarative memory. The distinction between different kinds of declarative memory, as episodic and 

semantic memory, is a central issue in the discussion about the nature of consolidation [chapter 

2.2]. A finer distinction within the semantic domain can be made. Semantic memory can be subdi-

vided into public knowledge (public events and public personalities) and general semantics (con-

ceptual knowledge of words, grammar and objects). Domains that are more difficult to integrate 

into the episodic/semantic framework are represented by autobiographical semantic memory and 

spatial memory. Autobiographical semantic memory falls between episodic and semantic memory, 
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as its content is closely connected to autobiographical episodes, but it does not have to be integrated 

anymore in a specific spatial or temporal context. Spatial memory, such as cognitive maps of one’s 

environment, is also assumed to be dependent on the hippocampal complex.
2
 This hierarchical 

framework of memory domains builds the structure of the evidence chapters, as the studies done in 

amnesia are divisible along this domains.  

 

1.5 The Neuroanatomy of the Hippocampal Complex 

 

This chapter will briefly summarize the anatomical organization of the hippocampal mem-

ory system, the hippocampal complex [HC complex], to give the reader a basis of understanding, as 

the discussion about consolidation is focused on these structures.  

The hippocampal memory system consists of the hippocampus [HC] and its underlying cor-

tices, the perihippocampal cortices (entorhinal [EC], perirhinal [PRH], parahippocampal [PHC] cor-

tex), which are situated in the medial temporal lobe [Fig. 4 A].  

The HC complex receives modality specific and polymodal inputs from frontal, temporal, 

and parietal lobes, rendering each component to a higher-order polymodal association area. These 

inputs arrive primarily at the PRH and PHC. These structures are thus convergence zones for highly 

processed inputs from multiple sensory modalities. A functional differentiation of the two areas is 

possible, as the former mainly receives input from cortical areas analysing stimulus quality (ventral 

processing stream – two-thirds from ventral-stream visual areas TE and TEO), while the latter re-

ceives its input mainly from cortical areas analysing stimulus location (dorsal processing stream – 

posterior parietal cortex, retrosplenial cortex, dorso-lateral prefrontal cortex, and dorsal bank of the 

superior temporal sulcus). The PRH and PHC are providing two-third of the input to the EC, which 

thus represents the “second tier of convergence”. Other direct (and reciprocal) projections arrive at 

the EC from orbital frontal cortex, cingulate cortex, insular cortex, and superior temporal gyrus 

(Mishkin et al., 1999).  

The EC has two functions. Firstly it is the major source of input to the HC, providing two-

third of the input. Secondly it is the primary target structure of HC output. The HC itself is an an-

cient part of the brain. As it differentiated very early in evolution out of the wall of the forebrain in 

primitive vertebrates, it is also called “archicortex”. The name “hippocampus” itself results from the 

resemblance to an sea horse for some scientists, others saw a ram’s horn in it, and called it “Am-

mon’s horn” (Shepherd, 1994). The HC is subdivided into the dentate gyrus, the subfields of the HC 

                                                
2 A possible integration of spatial memory into the semantic/episodic framework could be the differentiation between 

episodic-like detailed representation of spatial memory, and semantic-like rough, undetailed representations 

(Rosenbaum et al., 2001). 
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proper (CA1-CA4), and the subiculum. The HC and EC together represent the hippocampal forma-

tion. From the EC the information is conveyed in series to the dentate gyrus, the CA fields, the 

subiculum, and finally back to the EC. From the EC the information is sent back to the PRH and 

PHC, which project back to polymodal association areas in the neocortex, providing thus the major 

communication link between the hippocampal formation and neocortex [Fig. 4 B]. 

 

Figure 4. The Hippocampal Memory System (Kandel, 2000) 
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The pattern of input and the hierarchical organization suggests that the different components 

are contributing to different aspects of memory. PRH and PHC may primarily participate in mem-

ory for stimulus quality and spatial location, respectively. The hippocampal formation may be spe-

cialized for memory “requiring the additional integration of sensory information that only they af-

ford” (Mishkin et al., 1999).  

Although proponents of the Standard Model and of the Multiple Trace Theory accept the 

idea of different contributions of the substructures within the HC complex to memory (Manns et al., 

2003b; Nadel & Moscovitch, 2001), the way in which these structures cooperate in the consolida-

tion process is by no means clear. Therefore the consolidation debate is mainly restricted to a sim-

ple evaluation of the relation between the extent of the damage in the region and the severity of the 

memory deficit [chapter 3.2]. As studies of AA provide better possibilities for a controlled investi-

gation of the specific characteristics of the deficits following medial temporal lobe damage, more 

elaborated theorizing about the functions supported by single structures is possible [chapter 3.3]. A 

consensus among the proponents of the consolidation theories is, as mentioned above, that the HC 

is a key structure involved in “more abstract, and less stimulus-specific operations, than the adjacent 

cortex” projecting to it (Rosenbaum et al., 2001; Manns et al., 2003a) However, it is also widely ac-

cepted, that the cortex adjacent to the HC is not merely passing the inform ation on to the HC, rather 

it is supporting specific functions (Squire & Zola-Morgan, 1991; Nadel & Moscovitch, 1997; Ag-

gleton & Brown, 1999). Due to the lack of clarity what exactly those functions are, especially 

within the framework of semantic and episodic memory, for most of the time I will just refer to the 

HC complex or the hippocampal memory system as a whole, when speaking about consolidation. 

Thereby the reader should hold in mind that the HC complex is an ensemble of highly intercon-

nected structures. 

Throughout the thesis I will mostly refer to structures in the singular form (e.g. hippocam-

pus, hippocampal complex), though speaking about the left and right exemplar (e.g. hippocampus 

bilaterally, hippocampal complex bilaterally). In the few cases where I just refer to one side I will 

use terms as “left”, “right” or “unilateral” to make it clear. 
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2. Theories of Memory Consolidation 

 

2.1 A Historical Introduction 

 

The study of consolidation processes had its beginning more than 100 years ago. Already in 

the end of the 19th century, Ribot compiled a broad spectrum of amnesic cases in which he noticed 

a temporal gradient in memory loss. This means that remote memories were better preserved than 

recent ones. He postulated that the susceptibility of a particular memory to disruption by brain 

trauma is inversely proportional to its age, which became known as “Ribot´s law”. Older memories 

have a better chance to be retained after trauma. (Ribot, 1882 in Kopelman, 2002) 

In the beginning of the last century, Müller and Pilzecker (1900) introduced the “preserva-

tion-consolidation hypothesis of memory” which resulted from pioneering studies with human sub-

jects. They observed that newly learned information is disrupted by the learning of other informa-

tion shortly after original learning. The shorter the interval between original learning and interpolat-

ing learning, the greater the deficit. Thus they suggested that new memories are in a fragile state 

and some change is needed to fixate them. Though assumed to last less then 10 minutes, this change 

was described as a process in time, a “consolidation process”, and interpolating learning was be-

lieved to interfere with this stabilizing process (see also Lechner et al., 1999). In the 1920s this ac-

count was replaced by interference theory (Keppel, 1984). Students of memory then focused on 

other theories and explanations, and consolidation and time-dependent changes of memories re-

ceived little attention in the first half of the 20
th

 century. 

The interest in memory consolidation was renewed in the 1960s by effects seen in several 

patients who underwent medial temporal lobe excision, one of which was the now famous patient 

H.M. (Scoville & Milner, 1957). These studies suggested a connection between the phenomenon of 

amnesia and the functional degradation of the area of the medial temporal lobes. Patient H.M. sus-

tained bilateral excision of the medial temporal region in 1953 for the relief of medically intractable 

epilepsy [chapter 3.2.1]. However, the result of the experimental operation was twofold: H.M.´s 

epileptically seizures were reduced in frequency, but he suffered immediately a severe AA, which is 

persistent until today (Corkin, 2002). Furthermore, he exhibited a RA, initially believed to extend 

over a period of 3 years, in the period 1950-1953 (Squire et al., 1984).
3
 It is this memory deficit, ex-

tending into the patients past, which should become the focus of a new discussion about consolida-

tion. 

                                                
3 This estimation was done without a formal memory assessment, but informal clinical interviews. Later formal testing 

revealed an extensive retrograde amnesia for public events covering the last 11 years before the surgery (Corkin et al. 

1984). 



Christian Mühl          Memory Consolidation 14 

2.2 The Standard Model (SM) of Consolidation 

 

In their paper “The Medial Temporal Region and Memory Consolidation: A New Hypothe-

sis” Squire et al. (1984) integrated findings from different areas of research, to support a new theory 

of consolidation. As this thesis focuses on the neuropsychological line of this research, the theory 

will be introduced by referring to evidence from this field. Thereafter Squire et al.´s postulations 

about the mechanisms of consolidation and their consequences will be illuminated. 

The study of temporal lobe excision patients associated the process of consolidation with the 

medial temporal lobe region, the hippocampal memory system. However, while the anterograde 

memory deficits were studied extensively, claims of RA were mostly based on informal assessment 

or on “anecdotic” evidence. 

A Study with depressed patients (Squire, Slater & Chace 1975), who were treated by receiv-

ing a course of electroconvulsive therapy (ECT) to the medial temporal lobe region bilaterally, cor-

roborated these claims by formal testing. The patients revealed a memory deficit for the last one to 

three years before the treatment [Fig. 5]. A similar ECT patients study (Squire, Chase & Slater 

1976) revealed retrograde impairment in temporal judgments for a period between one and seven 

years
4
.  

 

Figure 5. The pattern of retrograde memory before and after ECT treatment (Kandel, 2000) 

 

The data [Fig. 5] mirrored the pattern of memory loss observed in patient H.M.. New memo-

ries were more susceptible to disruption than older memories. Hence there is a process of consolida-

                                                
4 Tests of television programs were applied in a multiple choice format, assessing the memory for programs run each 

for one season. In the first study the questions began with “Which of the following was a TV show?”. In the second 

study each question began with “Which television programme was on the air most recently?”. This is a relatively simple 

to solve recognition paradigm, known to be better performed by amnesic patients than uncued recall. Thus it gives a 

quite short estimation of the patients retrograde memory impairment. [Chapter 3.2.3 for details] 
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tion, which strengthens memories in their resistance to disruption as they age. This is not merely 

suggested by the fact that recent memories were affected by ECT, and more remote memories were 

spared. One could assume that by the shock therapy just those information was lost, that would have 

been lost anyway with the aging of the memory (normal forgetting). The drop of performance for 

recent memories would be the consequence of such a loss of less durable information. Because re-

mote memories already lost this less durable information by the deteriorating effects of time, they 

would be resistant to further loss. Thus the ECT treatment would have no impact on them. In that 

case, the performance in tests of most recent memories should be superior or at least equal to that 

for more remote memories [Fig. 6].  

 

Figure 6. Hypothetical data that would be predicted by a loss of weak details, without the assumption of a co n-
solidation process (Squire et al., 1984) 

 

Because the findings differ significantly from the hypothetical data, that is, the level of per-

formance for recent memories is lying below that for more remote memories, this alternative con-

sideration about the cause of the deficit can be excluded. The ECT is specifically affecting recent 

memories, suggesting a process of consolidation that makes memories resistant to disruption and 

thus is responsible for the sparing of remote memories.
5
 The concordance between excision patient 

studies and ECT studies suggested, that this process of consolidation can be localized to the struc-

tures of the medial temporal lobe. 

                                                
5 The advantage of ECT studies is the possibility to assess the memory before the ECT trauma is induced. Thus a direct 

comparisson of pre- and post-traumatic memory can be done. Nevertheless, the patient group suffering depression 

might be somewhat special in their memory performance. Furthermore interpretations of ECT findings are criticized, as 

animal studies showed a avoidance component of memory deficits after similar ECS treatment (Coons & Miller, 1960). 
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It is assumed that the neocortex is the permanent repository of all declarative long-term 

memory. The information is thought to be stored in the same areas where it is processed and ana-

lysed. It is thus notable that an isolated memory deficit is possible, without affecting the processing 

of information more generally, and perception and short-term memory in particular, as the inclusion 

criteria of amnesia require. The localization of memory consolidation to the HC complex offers the 

possibility to explain the pattern of spared intellectual capabilities and short-term memory. While 

the latter are supported by neocortex, the hippocampal system is necessary to support the processing 

and analysis after a certain amount of time has elapsed, or after attention is withdrawn from the in-

formation. In this respect the phenomenon of amnesia can be seen as “profound forgetfulness” 

(Squire & Zola, 1997). 

A general retrieval or a permanent storage function of the hippocampal system was ruled out 

by Squire et al. (1984), as the observed deficits in retrograde memory were limited in extent. As 

mentioned above, the differential impairment of recent and remote memories suggests a change in 

the susceptibility of those memories to trauma. Therefore, the SM assumes the temporally-limited 

involvement of those structures in the retention of long-term memory. 

 

The Standard Model of Memory Consolidation (Squire et al., 1984) 

 

1. The medial temporal region interacts with neocortex (and possibly other regions) in memory storage.  

2. Information is embodied both in neocortical representations and in the interaction between the me-

dial temporal region and neocortex 

3. This interaction is necessary in memory storage and retrieval for a limited time period after learning 

of up to a few years. 

4. This interaction occurs only for certain kinds of knowledge. 

 

The hippocampal memory system (and related structures in the diencephalon) is binding in-

formation, initially registered in distinct (neo) cortical structures, into a cohesive memory trace. A 

conjunctive representation of  “ordinarily unrelated events or stimulus features” results, which 

represents the memory for an event (Squire & Zola-Morgan, 1991). In the following period of con-

solidation, the HC complex maintains the coherence of the memory, permitting its retrieval. 

There are several alternative roles medial temporal lobe structures may play in this process. 

Firstly there is the possibility, that they are functioning as “cortical arousal agent” (Wickelgren, 

1979), that is not itself storing the information, but is signalling the neocortex to initiate the forma-

tion of new “chunks”. Secondly the medial temporal lobes could provide an index guiding the for-

mation and maintenance of interconnections between the cortical storage sites (Teyler & DiScenna, 
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1986). The third version proposes a temporary storage function, in which the region initially con-

tains a complete copy of the memory that is gradually duplicated to various neocortical storage sites 

(Alvarez & Squire 1994; McClelland et al., 1995). 

Furthermore, the role of the region in consolidation could be an active or passive one, thus 

either the process is driven by the medial temporal lobes, or by the neocortex, which is just con-

strained or guided by the region (Squire et al., 1984).  

However the participation of the hippocampal system in memory formation is characterized, 

what follows, according to the SM, is a process of gradual and long-lasting change, at the end of 

which stable cortico-cortical connections between the distributed storage sites are established. 

Thereafter, the participation of the hippocampal memory system is rendered superfluous for guaran-

teeing coherence and retrievability of the now consolidated information. 

Not all kinds of memory are impaired in amnesic patients. They are still able to perform 

most of the implicit learning tasks. This indicates the independence of this kind of memory from the 

medial temporal lobes. The SM differs between “knowledge that”, declarative memory, which is 

impaired after damage to the HC complex, and “knowledge how”, non-declarative memory, which 

is spared. Declarative memory can be subdivided into semantic and episodic knowledge, as shown 

above, though the original version of the SM does not assume differences between those kinds in 

the consolidation process. However, as proposed by proponents of the SM (Knowlton & Fanselow, 

1998), there may be quantitative differences between both kinds, namely the dependency of epi-

sodic memories on several elements bound into the memory trace, while semantic memories are 

less complex. Furthermore, while episodic memories are by definition just acquired by single expo-

sure, semantic memories may be encountered repeatedly, and thus represented stronger in the hip-

pocampo-cortical trace. Both assumptions are arguments for a greater susceptibility of episodic, 

compared to semantic memories, to amnesia. 

 

Predictions 

 

In case of damage to the HC complex, while the consolidation of a certain declarative mem-

ory is not finished yet, the coherence of the memory cannot be maintained, and thus it will be lost. 

Memories that are already consolidated will be retained. The result of damage to the hippocampal 

formation will thus be a temporally graded retrograde memory loss. How extensive the RA is, may 

be determined by the extent and locus of the pathology to the critical structures in the medial tem-

poral lobe. 
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Only in case of damage to storage sites outside of the hippocampal memory system, as pos-

terior and lateral temporal cortices, a loss of already consolidated memories may be observed. In 

case of severe damage to those areas, the resulting amnesia may be an ungraded and extending over 

the whole lifetime. Similarly, damage to frontal regions, associated with episodic retrieval (Green-

berg & Rubin, 2003), may impair the retrieval of episodic memories from all lifetime periods. Due 

to the greater susceptibility of episodic memory to trauma, RA in this domain may extend over a 

longer period, relative to that for semantic memory. 

Furthermore, the ability to form new memories is degraded. New declarative memories can-

not be formed without the conjunctive binding of information registered by neocortical structures. 

However, proponents of the SM have argued that also neocortical structures may exhibit a limited 

capacity to slowly acquire memories by repeated exposure (McClelland et al., 1995). 

 

2.3 The Multiple Trace Theory (MTT) 

 

Since the advent of the first vague ideas of consolidation processes in human memory 

(Müller, & Pilzecker, 1900), and their first theoretical formulations in terms of neuroanatomical 

correlates (Scoville, & Milner, 1957; Squire et al., 1984), research in the field of memory has ad-

vanced continually. New neuropsychological methods in combination with the study of more pa-

tients with memory disorders due to focal pathology in the medial temporal lobes have led to the 

formation of new approaches to explain RA, and revived the discussion about the SM of Consolida-

tion. 

In order to deal with contradictory findings of very extensive or even flat gradients mainly 

of retrograde autobiographical memory in human cases with pathology in the medial temporal 

lobes, Nadel & Moscovitch (1997) introduced the MTT. While for the SM it is difficult to explain 

very extensive RA or even a flat gradient for remote memory performance in the face of damage 

circumscribed to the medial temporal lobes, the MTT resolves this limitation by the rejection of the 

principle proposition of the SM: It denies the temporally-limited involvement of the HC complex in 

the representation of autobiographical episodic memories.   

A second problem for the traditional model of consolidation is the finding of differences in 

the extent of RA for different kinds of memory (e.g. the retention of general semantic knowledge 

acquired in a period for which there is a dense RA for autobiographical episodes). Because the SM 

is treating declarative memory as a unitary memory system, there is no difference between the vari-

ous kinds of declarative memory in the consolidation process. Hence the theory postulated by the 

Squire et al. (1984) predicts an equal impact of damage to the medial temporal lobe on all kinds of 
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declarative memory. In contrast, the MTT is, by virtue of the differentiation between episodic and 

semantic memory, able to explain relatively spared retrograde semantic memory in the face of an 

extensive, or even ungraded, loss of retrograde memory for episodes. 

A third problem for the SM poses the acquisition of new semantic knowledge in the absence 

of episodic memory. There is evidence that amnesic patients are able to acquire new semantic 

knowledge, despite an inability of forming episodic memories. Similar to the point above, this is not 

compatible with the assumption of a unitary declarative memory system.  

Consequently, the MTT assumes, in contrast to the traditional model of memory consolida-

tion, different mechanisms underlying the fixation of episodic and semantic memories. While for 

semantic memory a process of consolidation in the sense of the SM is supported, (autobiographical) 

episodic memory is not transferred to neocortical sites, but stays dependent throughout its existence 

on the interaction between neocortical sites and the HC complex. Hence, a complete damage of the 

HC complex leads to a flat gradient of RA. Thus, the MTT is breaking with the assumption of an 

unitary declarative memory system, which comprises the processing, storage and retrieval of all 

kinds of declarative information (personal/general/public semantic, autobiographical episodic 

memory) without any qualitative differentiation.  

In the following part the nine steps a memory takes in the HC complex as Nadel and 

Moscovitch postulated them in their initial proposal (1997) will be introduced. Thereafter I will out-

line the differences between the MTT and the SM and, in the end, deal with the predictions of the 

former regarding pathology in the critical structures. 

 

The Multiple Trace Theory of Consolidation (Nadel & Moscovitch, 1997) 

 

1. The hippocampal complex rapidly (and obligatorily) encodes all information that is attended or con-

sciously apprehended. 

2. This information is sparsely encoded in a distributed ensemble of hippocampal complex neurons.  

3. This ensemble acts as a pointer, or index, to those neocortical (or other) neurons that represent the a t-

tended information and serves as a mechanism to bind them into a coherent trace. 

4. The entire hippocampal-neocortical ensemble constitutes the memory trace for the episode. The fea-

ture information contained in neocortical circuits is bound into an episode by the spatial context pro-

vided from the hippocampus. 

5. Each re-activation of this memory trace occurs in an altered neuronal and experiential context. 

6. Because the hippocampal complex obligatorily encodes all information that is attended, the re-

activation of a memory trace results in the creation of a newly encoded hippocampal trace, which, 

again, is sparse and distributed. 
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7. By virtue of indexing a similar set of neocortical neurons encoding the feature of the episode, each 

successive trace shares some or all of the information about the initial episode. 

8. The creation of multiple, related traces facilitates the “extraction” of factual information from an epi-

sode and its integration with pre-existing semantic memory stores. Facts about the world that are ac-

quired in the context of a specific episode are separated from that episode and ultimately stored in-

dependently of it. This process could be viewed as one of the consequences of “consolidation”.  

9. The spatial and temporal contextual information that conveys the episodic quality of memory, how-

ever, depends upon the continuing involvement of the hippocampal complex (spatial context) and 

the frontal cortex (temporal context).  

 

The first four steps of the MTT are concerned with a process that can be termed “short-term con-

solidation”. This process, assumed to last seconds, minutes, but maximally few days (Fuji et al., 

2000), is shared with the SM and thus not under dispute.  

Thereafter the theories differ in their propositions about the further fate of the memory. The tradi-

tional model is assuming a continuous strengthening of cortico-cortical connections, which repre-

sent the memory, by the contribution of the HC complex. While the HC complex is initially neces-

sary prerequisite for the retrieval of the memory, it looses its importance for it as the memory trace 

is consolidated, or transferred, to other storage sites. 

The MTT suggests instead a process of trace multiplication. Thus every time a memory is retrieved, 

or re-activated, a new trace (hippocampal-cortical link) is produced (6), which is also laid down in 

the HC complex. Due to the shared elements (of neocortical reference) the traces will partially over-

lap (7). But because each re-activation appears in a different context (5), the traces will also differ 

to a certain degree. The more often a memory is re-activated, the more copies of the original mem-

ory trace exist. Thus, with increasing age, there will be an increasing number of hippocampal-

cortical associations representing the memory. In the case of no re-activation the memory trace will 

be lost with time, forgetting occurs.  

Although the theory was intended to explain contradictory findings of extensive RA in autobio-

graphical episodic memory, it also refers to other kinds of memory. Detailed (contextually rich) 

knowledge from any domain may be dependent on the hippocampal system, similar to autobio-

graphical episodes. On the other hand, the re-activation of traces is thought to support the extraction 

and integration of semantic memories into semantic memory stores (8). Thus, as certain facts are 

reencountered, or re-activated, they will slowly gain independence of the hippocampal memory sys-

tem. This can be seen as the concept of consolidation in the ‘traditional’ sense, as it is proposed in 

the SM for declarative memories in general. 
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Though not included in the steps above, the authors make also a reference to general semantic 

memories. Those are supposed to be acquired and represented independently from the HC complex. 

To summarize the theory proposed by Nadel and Moscovitch it can be said, that episodic memories, 

as contextually rich memory in general, are strengthened by a process of trace-multiplication within 

the HC complex, and thus stay dependent on those structures (and on the linked storage sites) 

throughout their existence. Semantic memories are consolidated (or integrated) with frequent re-

activation, and thus will, as it is also assumed in the SM, loose their dependency from the hippo-

campal structures. Memory for general semantics is thought to be independent from those struc-

tures. 

 

Predictions 

 

From the framework provided by the MTT several propositions can be derived (Nadel & Mosco-

vitch, 1997). Here I will deal with those regarding damage to the hippocampal memory system, 

firstly for episodic, thereafter for semantic memories.  

The consequence of the trace multiplication for autobiographical episodic memories, as also for de-

tailed semantic knowledge, is a strengthening of the memory and a decrease in susceptibility to par-

tial lesion of the HC complex. Hence a temporally-limited gradient in retrograde episodic memory 

results. Remote memories are due to their multiple representations relatively preserved, while recent 

memories are susceptible to damage and more likely to be lost. However, because the memory 

traces are sparse and distributed represented, damage may affect any trace and thus also remote 

memories may be affected to a certain degree. This should mainly be reflected by a loss of details, 

which are less often re-activated. 

The case is different for complete damage to the HC complex. Since episodic memories are not 

transferred to the neocortex, the MTT predicts a total loss of these memories in this case. An excep-

tion may occur for often re-activated episodic memories. Those can undergo a process of 

semantization, a transfer to neocortical sites similar as proposed for semantic memories, though this 

has to reflect in the quality, which will lack detail and vividness. 

Semantic memories that are less contextually rich are transferred to neocortical storage sites due to 

frequent re-activation. Therefore remote and often re-activated semantic memories should be pre-

served after any kind of circumscribed damage to the HC complex, while un-consolidated recent 

memories are more probable to be affected and lost.  

The extent of the gradient is thought to correlate with the size of the lesion to the HC complex. 

Nadel and Moscovitch (1997) note that different substructures within the HC complex support dif-
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ferent kinds of processes or information (see also Moscovitch & Nadel, 1998). Therefore the locus 

of the pathology within the HC complex may also define the pattern of damaged and spared memo-

ries. Though important for a further refinement of the model, the vagueness of it makes no predic-

tion possible. 

Damage to neocortical storage sites, outside the hippocampal system can affect neocortical features 

of the memory trace and hence the retrieval of the memory itself. Similarly, pathology to transmis-

sion routes or convergence zones between the hippocampal system and neocortical structures will 

impair recent semantic, as well as recent and remote episodic memories. The frontal lobes are as-

sumed to support strategic search processes regarding episodic memories, if those are impaired, by 

damage to those structures themselves or to medial temporal-frontal connections, an inability to re-

trieve episodic memories over all lifetime periods could result. Therefore, the investigation of the 

mechanisms of consolidation has to be restricted to patients with damage confined to the HC com-

plex. 

Finally, general semantics are supported by structures outside the HC complex and thus may be sus-

tained as long as those structures are intact. Similarly, the acquisition of general semantics should 

be preserved. 
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Table 1. A short summary of the predictions derived from both theories.  

 Standard Model Multiple Trace Theory 
RA in case of 

complete, but cir-

cumscribed dam-

age to the hippo-

campal complex 

- temporally-limited graded RA for all 

kinds of declarative memory and for 

spatial memory 

- flat RA over the whole lifetime only 

in case of damage to neocortical 
storage sites or the frontal lobes 

 

- flat RA over whole life-time for autobio-

graphical episodic memories, detailed and 

seldom re-activated semantic or spatial 

memories 

- temporally-limited graded RA for fre-
quently re-activated semantic memories 

- general semantics preserved 

- gradient for autobiographical episodic 

memories only if frequently re-activated 

and thus “semantizised” 
RA in case of par-

tial damage to the 

hippocampal com-

plex 

- temporally-limited graded RA for all 

kinds of declarative memories and 

spatial memory, correlating in its ex-

tent to the lesion size 

- remote memories of every kind 
should be preserved in quality and 

quantity 

- differences in the extent of the gradi-

ents between semantic and episodic 

memories could be explained by 

quantitative differences (Knowlton 

& Fanselow, 1998) 

 

- temporally-limited graded RA for all 

kinds of declarative memories and spatial 

memory 

- also remotest memories are degraded in 

quality 
- episodic autobiographical memories, de-

tailed and seldomly re-activated semantic 

and spatial memories disproportionately 

impaired (shallower gradients), compared 

to gist of episode, partial info about it, 

facts about own life, or other more fre-

quently re-activated memories  

- general semantics preserved 

AA after damage 

to the hippocampal 

complex 

- acquisition of  declarative memories 

severely impaired after complete 

damage, otherwise correlating to the 

lesion size 

- a residual capability to acquire se-

mantic (context-free) memories may 

be supported by neocortex 

(McClelland et al., 1995) 

- acquisition of semantic, episodic and spa-

tial memories severely impaired after 

complete damage, otherwise correlating 

to lesion size 

- general semantics can be acquired with-

out the support of the hippocampal com-

plex 

 Standard Model Multiple Trace Theory 
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3. Neuropsychological Evidence 

 

3.1 Patient Populations and Issues of Pathology 

 

To evaluate the differential claims regarding retrograde (and anterograde) memory perform-

ance, made by the two theories of memory consolidation, one is restricted to the study of patients 

with circumscribed pathology to the HC complex. Any additional pathology outside the HC com-

plex (for example neocortical storage sites or frontal cortices) could confound the interpretation of 

the data.  

The advent of structural imaging technology was helpful in classifying patients regarding 

this criterion, though it may not detect all kinds of pathology, as it was shown in a post-mortem 

neuropathological analysis by Rempel-Clower et al. (1996). There are several patient groups with 

aetiologies involving medial temporal lobe structures. However, the criterion is met seldomly by 

patients, because damage is often widespread and crosses the borders of critical structures.  

Some aetiologies are producing relatively focal lesions, which may be restricted to the HC 

complex. Thus the CA fields of the HC are known to be especially sensitive to ischaemic lesions 

and often damaged, while other brain regions are spared. Similarly, patients, suffering pathology in 

critical structures due to temporal lobe epilepsy or who underwent medial temporal lobectomy to 

cure epilepsy, often show damage mainly restricted to that region. Despite this apparently circum-

scribed damage, caution is necessary in dealing with patients amnesic due to those aetiologies (Ka-

pur et al., 1999). Ischaemic patients (e.g. Cipolotti et al. 2001) may exhibit metabolic changes in 

other areas, indicating so called “hidden pathology” not detectable by structural imaging. Similarly, 

in (medial-temporal lobe) epileptic patients other regions could be affected by the seizure activity 

and surgery is mostly accompanied by additional damage to other (temporal lobe) structures (Visk-

ontas et al., 2000; 2002). Regarding patients suffering herpes encephalitis or traumatic head injury, 

damage is generally more widespread and “hidden pathology” may be involved in the neuropsy-

chological pattern. As patients with pure pathology to the HC complex are relatively seldom, evi-

dence is also welcome from patients with additional damage, as long as a contribution of the addi-

tionally damaged structures to the memory deficit can be excluded. Thus a large part of the discus-

sion about memory consolidation is concerned with the adequacy of certain patient groups or single 

patients for drawing definite conclusions. 

Another restriction is specific to the study of retrograde memory. As it is the case especially 

for neurodegenerative diseases (e.g. Alzheimer’s disease), but also for the epileptic patient group, 

slowly developing, longstanding disease is likely to cause memory dysfunctions already before the 
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onset of acute amnesia. For those patients it is difficult to separate anterograde and retrograde com-

ponents of the memory deficits. 

 

3.2 Studies of Retrograde Memory in Amnesic Patients  

 

3.1.2 Autobiographical Episodic Memory  

 

Autobiographical episodic memory is the domain, which is assumed to be closest to the con-

cept of episodic memory. Remembering personally experienced events is normally accompanied by 

a feeling of re-experiencing, termed as autonoetic awareness. It is bound to the source of the mem-

ory, indicating its integration in a greater temporal and spatial context. Furthermore autobiographi-

cal episodes are rich in detail, more than any of the other domains, which is thought to reflect the 

complex, or context-rich, nature of the memory traces (Nadel & Moscovitch, 1997; Knowlton & 

Fanselow, 1998). Mostly it is assessed by the Crovitz-method (Crovitz & Schiffman, 1974), or by 

the episodic component of the Autobiographical Memory Interview (AMI; Kopelman et al., 1989). 

Both theories assume the necessity of the HC complex for the encoding of autobiographical 

episodic memory, but make different assumptions about its necessity regarding remote memories. 

The SM predicts gradients, extending over a period of a few years, after damage to the hippocampal 

memory system. While the MTT predicts a similar pattern of impairment in case of partial damage 

to those structures, patients with very severe pathology to all structures of the HC complex should 

exhibit ungraded RA over the whole lifetime. 

Over the last 4 decades, beginning with patient H.M., many studies examined the relation 

between medial temporal lobe lesions and the extent of RA for episodic memory. In the following a 

cross-section of evidence from single-case and group studies will be presented, beginning from rela-

tively focal hippocampal lesions to severe damage comprising the whole HC complex. As the pa-

tients discussed in this chapter are referred to throughout the whole thesis, here they will be intro-

duced in more detail, regarding the cause and extend of their damage. First, an evaluation of the 

correlation between the extent of the damage and the severity of the memory deficit, in terms of 

form and extent of the observed gradient, will be done. The intention is to see which structures are 

contributing to the retrieval of memories, and if the memory deficit can cover the whole lifetime, as 

predicted by the MTT, or is limited to recent memory, as the SM claims. Thereafter the quality of 

remote memory in amnesic patients will be considered, as the MTT holds, that although the medial 

temporal lobe structures might still be able to support remote memories, in case of partial sparing, 

those should also be affected by the damage. 
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Patients with damage to the Hippocampus
6
 

 

Patients, who suffered damage to the HC, are generally exhibiting a relatively limited RA, 

extending over the last decade preceding the trauma. Restricted damage to subregions within the 

HC may even largely spare retrograde memory performance, despite impairing anterograde per-

formance. 

There have been only two patients with confirmed damage circumscribed to single subfields 

of the HC, R.B. (Zola-Morgan et al., 1986) and G.D. (Rempel-Clower et al., 1996). Both patients 

suffered ischaemic lesions to the CA1 fields, revealed by autopsy. Neuropsychological testing re-

vealed in both patients relatively normal retrograde memory (impaired maximally for a few years), 

despite a moderate impairment of anterograde memory.  

Two encephalitic patients with more extensive damage to the HC exhibited dense RA for 

personal events for a few years, with some patchy memory loss for periods thereafter, and good 

memory for remote episodes (Kapur and Brooks, 1999).  

A study done by Reed and Squire (1998) included two patients, A.B. and L.J., suffering 

damage confined to the HC. For A.B. this was just assumed due to his aetiology (hypoxia), but MRI 

examination revealed a severely shrunken HC in L.J.. While both were moderately anterograde am-

nesic, A.B. exhibited a temporally-limited gradient for the last decade prior onset of amnesia, 

whereas L.J. showed no signs of memory loss. 

Similar damage was diagnosed for a patient amnesic due to an autoimmune process, fol-

lowed by a swelling of the hippocampi (Schnider et al., 1995). Additional pathology to adjacent ar-

eas is possible (especially regarding the aetiology), although at MRI scan none was found. The pa-

tient exhibited AA and a retrograde memory loss for autobiographical episodes comprising 15 

years. 

Fujii et al. (1999) studied an encephalitic patient with pathology to both hippocampi and ad-

ditional to the amygdala, which exhibited autobiographical memory deficits for 10 years, but only a 

mild AA. Thus the patient was able to relearn about remote events with the help of relatives, though 

it was rather a new acquisition of knowledge about them, than a recovery. 

An exception to the previously observed one-decade long RA is V.C., who became amnesic 

after seizures, presumably for hippocampal hypoxia (oxygen deficit). V.C. was initially classified as 

having pathology in the CA1 and CA2 fields of the HC (Kartsounis et al., 1995). However, more 

thorough examinations revealed volume loss in the whole HC bilaterally and slight one of the left 

                                                
6 I tried to group the patients as clear as possible according to their neuropathological profile, that is, according to the 

extent of the damage within the hippocampal complex. In cases with asymmetric lesions, the determining factor is the 

side with the most restricted lesion. 
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parahippocampal gyrus (Cipolotti et al., 2001). Additionally, he showed hypometabolism in the 

right thalamus and parietal areas (Kapur et al., 1999). Although those findings make it difficult to 

attribute his RA just to the hippocampal damage, he is one of the most impressive patients, showing 

relatively circumscribed damage, but extensive and ungraded memory loss over all life-time periods 

(Nadel & Moscovitch, 2001). Confirm to this, he exhibits severe AA. 

 

Patients with damage to the Hippocampal Formation  

 

If the hippocampal formation, that is, the HC and the EC, is implicated in the pathology the 

retrograde amnesia can extent beyond two decades. Warrington and Duchen (1992) reanalysed the 

pathological data of patient N.T., who underwent temporal lobectomy with excision of right HC 

complex, temporal pole and amygdala. N.T. was held for a long time as evidence, that also unilat-

eral temporal lobectomy can cause severe AA and extensive ungraded retrograde memory loss. 

However, the autopsy revealed a sclerotic left HC, which surely contributed to the memory deficit. 

Furthermore N.T. underwent surgery to cure severe temporal lobe epilepsy, which is known to be 

detrimental to memory performance. 

Two other patients, L.M. and W.H., both thoroughly analysed post-mortem, suffered more 

symmetric damage to the hippocampal formation due to seizure activity relatively late in live 

(Rempel-Clower et al., 1996). Both exhibited moderately severe AA. Autobiographical testing re-

vealed a temporally-limited, graded RA extending over 25 years for L.M. and over 35 years for 

W.H., suggesting that the EC is critically involved in the retrieval of memories over more than three 

decades. 

The evaluation of the pattern of retrograde memory impairment until now showed, that the 

HC is a key structure, important for the acquisition of memory and involved in the retrieval of 

memory for at least a decade (V.C.´s ungraded imparement will be discussed below). The EC is 

contributing to retrograde memory performance for about three decades.  

 

Patients with damage to the Hippocampal Complex 

 

The question, for how long memories are dependent on the remaining structures of the HC 

complex, PRH and PHC, is more difficult to answer, as all patients in this group suffered additional 

damage outside the HC complex. However, tests of autobiographical episodic memory revealed a 

deficit extending in an ungraded manner over the whole lifetime in most of the patients.  

Two encephalitic patients with severe pathology to the HC complex and other temporal lobe 

structures bilaterally, E.P. and G.T., exhibited severely impaired anterograde memory performance 

and extensive retrograde memory loss for autobiographical episodes over virtually all life-time pe-
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riods (Reed & Squire 1998). E.P. showed a temporally-limited gradient extending over 40 years 

with some sparing for the childhood period, and additional pathology in the temporal poles, amyg-

dala and inferior temporal cortex (fusiform gyrus). G.T. who showed a flat gradient, without sparing 

of any period, suffered additional damage to inferior, middle and superior gyri in both temporal 

lobes, and to the ventromedial frontal regions. 

Interestingly, the pattern of damage seen in E.P. resembles that of H.M. [Fig. 7] to a certain 

degree, although there are some spared structures in the latter, which are compromised in E.P. (Ste-

fanicci et al., 2000). Thus H.M.’s surgery has left him with half of his HC and virtually spared per-

irhinal and parahippocampal cortex. Stefanicci et al. argument, that H.M. would show a similarly 

extensive RA, if he had been older at the time of his surgery, which was at the age of 27. 

 

 

Figure 7.  The temporal lobe lesions of patient H.M. (Kandel et al., 2000). A)  The longitudinal extend of the 
lesion. B) Cross sections showing the estimated extent of the surgical removal. The right side is shown here 

intact, to illustrate the structures removed. C) MRI scan of a parasagittal section from the left side of H.M.´s 
brain (asterisk – removed portion; arrow – spared part of the hippocampus). 

 

Patient R.F.R. sustained, due to herpes encephalitis, extensive damage to the HC complex 

and amygdala bilaterally, and to inferior, middle and superior temporal gyri in the right hemisphere 

(Warrington & McCarthy, 1988). He was diagnosed as severely anterograde amnesic and retrograde 

amnesic for all lifetime periods, without any gradient in his performance. 
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Another well-studied and often discussed patient is K.C., who became amnesic due to closed 

head injury (Tulving et al., 1988). He suffered almost complete bilateral damage to the HC, and a 

severely atrophied parahippocampal gyrus. Additional damage was detected in the right occipital 

lobe and in the left fronto-parietal region. He exhibited severe AA. Autobiographical testing re-

vealed an ungraded RA over all periods of life. 

The reviewed case-studies show, that the severity, that is, the extent of the gradient, of the 

retrograde memory deficit is associated with the size of the damage. The fact that damage to all 

structures of the HC complex is impairing memory more extensively than observed in the other 

groups, in almost all of those patients over the whole lifetime, suggests that also PHC and PRH are 

contributing to memory retrieval. As already mentioned, the additional pathology to regions outside 

the medial temporal lobe makes the attribution of the lifelong impairment to the damage within the 

medial temporal lobe problematic.  

 

Group-studies with Mixed Lesion Profiles 

 

Corroborating evidence, that autobiographical episodic memory can be impaired over many 

decades or even over the whole lifetime comes from group-studies. Due to the heterogeneity be-

tween patients included in group-studies, it is difficult to make precise statements about the associa-

tion of pathology and neuropsychological deficits, though they are in general helpful in revealing 

the validity of claims (e.g. apparent dissociations) made by single-case studies.  

A mixed temporal lobe group-study revealed extensive temporally graded RA with impair-

ment over all lifetime periods, and did only indicate a trend towards a significant gradient (Kopel-

man et al., 1999). The group was composed of 9 herpes encephalitis patients, 4 patients with hy-

poxic brain damage and one patient suffering memory loss due to temporal lobe seizures. While the 

encephalitic patients showed shrunken HC complex structures and hypometabolism in the entire 

temporal lobes, the hypoxic patients had circumscribed pathology to the HC.  

Another group study (Viskontas et al., 2000) examined patients with severe temporal lobe 

epilepsy, either assessed for surgery or already operated. They revealed an ungraded retrograde 

memory loss over all lifetime periods, without significant differences between pre- or postoperative 

status, side of lesion, or early- or late onset of their amnesia. As mentioned above [chapter 3.1] epi-

leptic patients are a critical population, as they may suffer (anterograde) memory deficits before the 

onset of amnesia, and as the seizure activity may affect structures outside the HC complex, although 

a focus in the medial temporal lobes was found.  

A meta-study over several patient groups and (autobiographical) test methods found an ex-

tensive temporally graded RA over all lifetime periods (4 to 7 decades), with a steeper gradient for 
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recent times (Brown, 2002). This study includes virtually all aetiologies producing amnesia. There-

fore it has to be treated with caution regarding its value for an evaluation of medial temporal lobe 

function. But as most of the other pathologies are associated with similar or more severe retrograde 

deficits (Kopelman et al., 1999) it may be argued, that a gradient is also observed in patients with 

pathology in the HC complex. 

On the other hand, Schmidtke & Vollmer (1997) found only evidence for a temporally-

limited gradient of 5-10 years in the retrograde memory performance of 23 amnesic patients. 

Though the patients became amnesic due to a variety of aetiologies, the correlation of the perform-

ance in a test of autobiographical memory with an measure of anterograde memory function (Re-

vised Wechsler Memory Scale) supports the notion that the memory deficit resulted mainly from 

damage to structures in the HC complex. The relatively short period of impairment might be ex-

plained by less severe damage to the region, compared to patients in the other studies.  

Taken together, the evidence suggests a positive correlation between lesion size and extent 

of retrograde memory loss. Lesions to single subfields within the HC produce no or minimal RA, 

while more severe lesions to the HC are associated with memory loss for up to 15 years. Patient 

V.C. is here an impressing exception, which indicates, that more severe damage to the HC alone 

may cause extensive and ungraded amnesia. In cases where additionally the EC is implicated, the 

retrograde deficit may extend over decades. Finally, patients suffering extensive damage to all 

structures of the HC complex may show episodic memory loss over all lifetime periods, maximally 

sparing very early memories from childhood. This correlation suggests, that all structures of the HC 

complex are contributing to the retrieval of autobiographical memory.  

While the above claim of an association between lesion size and memory deficit can be es-

tablished with some certainty for the first two groups, due to well-examined patients showing re-

stricted damage to the critical structures, the statement of lifelong RA, and the contribution of PRH 

and PHC to memory retrieval, has to be scrutinized. Especially patients from the last lesion group 

(but also N.T. and V.C.) show without exception damage or abnormalities in areas outside the me-

dial temporal lobe, which could be responsible for very extensive or flat gradients. However, evi-

dence from group-studies is supporting at least the claim, made by the proponents of the MTT, that 

even memories from remotest periods, as for example the childhood period, can be impaired after 

damage to the hippocampal structures. 

Another possibility to evaluate the predictions made by the different theories is to examine 

the quality of remote memories. The MTT predicts that also apparently spared remote memories 

show some impairment in amnesic patients, while the SM claims the total independence of those 

from the HC complex, and thus a complete sparing. Most studies state a normal remote memory for 
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patients with temporally graded RA. However, measures of retrograde memory assess seldom the 

quality of remote memories, but rather are testing quantity, namely if, and how many, episodic 

memories for a certain period exist. Thus, coarse criteria applied by standard measures (Crovitz, 

AMI) may not be sensitive to the quality of the memory (e.g. the amount of details provided). 

To test for the quality of remote episodic memories, Moscovitch et al. (1999) devised a test 

based on the Crovitz-method, which included only unique personal events (vs. general or recurrent 

events) into the analysis, which were then scored regarding the amount of details. Applied in a 

mixed amnesic group the test revealed flat RA, with severely impoverished episodic memories over 

all periods (Yaschyshyn et al., 1998 in Moscovitch et al, 1999). Only for the most remote period 

(early childhood) an approximation of patient and control performance was noticed, but mainly be-

cause control subjects showed a similarly reduced quality of memories from this period. Mosco-

vitch et al. emphasize the impairment over all periods, which indicates the inability of the patients 

to retrieve episodic memories in the rich and detailed quality, observed in controls. Thus just the 

gist of the episode was left, those elements, that may be the most important or salient in the mem-

ory, and therefore often re-activated. Less central elements may be seldom re-activated, less redun-

dantly represented, and thus more vulnerable to partial damage to the HC complex.  

A problem for the evaluation of this study poses the heterogeneity of patients’ damage, in-

cluding just two patients with damage to the medial temporal lobe, and those also with additional 

pathology in other regions (e.g. K.C.). Furthermore it is questionable to test for the quality of re-

mote memories in patients that are already exhibiting a severe impairment in standard tests. 

In general, the less detailed accounts for remote periods given by controls are interesting, as 

it indicates an impoverishment of normal remote episodic memories. This could preclude a detec-

tion of memory deficits (as the difference in test performance to control populations) for remote pe-

riods, at least for standard measures of memory assessment. On the other hand, it could have conse-

quences for the differentiation of both theories from each other, as both assume remote episodes to 

exhibit the same quality as recent. This point will be discussed in more detail later [Chapter 4.3]. 

Other studies (Reed & Squire, 1998; Bayley et al., 2003), applying similar restrictive and 

sensitive measures, found no patient/control differences in remote memory. Reed and Squire ana-

lysed the quality of remote memories of two more moderately amnesic patients (A.B. and L.J.). It 

has to be noted, that the damage was restricted to the HC (at least regarding L.J.), and that the ob-

served RA was limited to 10 years, which are perfect conditions to assess qualitative differences of 

retrograde memory due to hippocampal damage. However, the judgement of details was less objec-

tive than in the above study, which could have precluded findings (see Moscovi tch et al., 1999). 
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Bayley et al. obeyed the strict rating criteria proposed by Moscovitch et al., and additionally 

tested for frequency of prompting, and latency and duration of the narratives. Patients with circum-

scribed hippocampal damage and two patients with extensive damage to the HC complex (similar to 

K.C. in Yaschyshyn et al., 1998) were able to retrieve episodic memories from remote periods. No 

differences in quality were detected relative to controls. Because only very remote memories were 

tested (20 to 50 years), it may be possible, that the above observed decline in the quality of normal 

remote memories can explain the apparently perfect sparing of those memories. 

It is difficult to draw a final conclusion from the few studies done on the quality of retro-

grade memories. Though the evidence seems to be on the side of the SM, methodological issues, as 

the scoring system for details (Moscovitch et al., 1999), the differentiation between semantic and 

episodic components of a narrative, and the relative decline of normal retrograde memory quality 

(Bayley et al., 2003), are still not resolved. Therefore the possibility of qualitative impoverishment 

of remote memories cannot be excluded yet. 

 

3.2.2 Autobiographical Semantic Memory 

 

Autobiographical semantic memory is falling between the categories of semantic and epi-

sodic memories, showing the characteristic features of the former, but being closely connected to 

personally experienced events. Though acquired and steadily re-experienced in a personal context, 

it is not necessarily integrated in a specific spatial or temporal context, characteristic for autobio-

graphical episodic memory. 

Forms of autobiographical semantic memory, one can verbally express are, for example, the 

own name, age and address, information about family and friends, and schooling, while non-verbal 

forms are recognition of faces and names of personal acquaintances and family members.  

Both theories of consolidation predict a graded retrograde amnesia in this domain. The SM 

makes no particular reference to subtypes of declarative memory, thus would not predict any gross 

difference between gradients for episodic memory and gradients for autobiographical semantic 

memory. However, Knowlton and Fanselow (1998) propose, compatible with the SM, a possible 

disproportional impairment of episodic memory, due to quantitative differences between episodic 

and semantic memories, that is, episodic memory traces are due to their complexity more suscepti-

ble to damage than less complex semantic memory traces. Furthermore, episodic memories are ac-

quired by single exposure, personal relevant events, whereas semantic memories are frequently re-

encountered, by re-exposure to the information in the media, or in this domain, in daily life.  The 

MTT assumes, that frequent re-activation of the gist of episodes, or facts about oneself proliferate 
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the trace multiplication, leading to more stable representations of the memories. Furthermore it pre-

dicts the consolidation of semantic memories subsequent to the trace strengthening. Consequently, 

autobiographical semantic memory should be relatively preserved; loss should extend over a shorter 

period, than for episodic memories. 

The available data is less extensive as for autobiographical episodes. If studied it is mostly 

done with the autobiographical semantic memory component of the AMI, which assesses the ability 

to recall semantic facts about oneself. Other studies (Warrington & McCarthy, 1988; Kitchner et al., 

1998) have applied recognition tests to assess spared retrograde memory in this domain.  

Fujii et al. (2000) reported in their extensive review of patients with pathology in the HC 

complex (most of which were introduced in the previous chapter) generally less impaired autobio-

graphical semantic memory, relative to the episodic memory deficits of the patients. Patient V.C., 

for example, was able to give some information from childhood and early life (Cipolotti et al., 

2001). Though clearly in the abnormal range, his memory for personal semantics (extensive, but 

graded RA) was superior to that for autobiographical episodes (extensive, ungraded RA). Neverthe-

less, a few patients also exhibited similar extensive retrograde memory deficits in both domains, or 

the reversed relation. This pattern of impairment could not be associated with a specific lesion pro-

file. A recent study (Westmacott et al., 2001) of patient K.C. found preserved autobiographical se-

mantic memory, except for a 5 year period before his accident, which is contrasted by a loss of 

autobiographical memories over all lifetime periods. 

The (unilateral) temporal lobe epilepsy group in Viskontas et al. (2000) showed a preserved 

autobiographical semantic memory, independent of the side of lesion. Thus the authors concluded, 

that this kind of memory, in contrast to episodic memory, is less dependent on the integrity of both 

hippocampi. On the other hand, Kopelman et al. (1999) found, in a group of temporal lobe amnesic 

patients, evidence for extensive and slightly graded autobiographical semantic memory loss, similar 

to the pattern observed for autobiographical episodes.  

Recognition tasks revealed spared memory in this domain. R.F.R. (McCarthy and Warring-

ton, 1992) was assessed with a name recognition task, where he performed normal in choosing the 

names of familiar acquaintances. Presented with their name, he could also provide additional infor-

mation about them. Similarly, Kitchner et al. (1998) reported preserved autobiographical knowledge 

for personal acquaintances assessed by a name recognition task, and the ability of their severely 

amnesic patient to give identifying information to the names (“how he knew him”). Furthermore the 

patient was able to recognize personal events, though he was incapable to recall any.
7
  

                                                
7 The patient suffered additional damage to the left medial frontal lobe, which could contribute to a deficit of deman d-

ing retrieval, impairing recall of episodic, but not the recognition of semantic memories. But the authors suggest, that 
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Summarizing the evidence, autobiographical semantic memory is generally less affected 

than its episodic counterpart. Adequate tests with less demands for strategic retrieval, for example 

those applying a recognition paradigm, revealed preserved autobiographical semantic knowledge. 

Thus the evidence suggests differences between both domains. Those may be explained by the SM 

with quantitative differences, or by the MTT with qualitative differences between both kinds of 

memory, which cannot be differentiated by the available studies conducted in this domain. The next 

chapter will deal more extensively with this issue, as the amount of evidence in the domain of pub-

lic knowledge gives further possibilities to infer the underlying cause of the differential impairment 

of semantic and episodic memory.  

 

3.2.3 Public Knowledge 

 

Public knowledge is part of the domain of semantic memory and has a long tradition in the 

neuropsychological assessment of remote memory. The subdomains, knowledge of public events 

and famous personalities, are mostly assessed by the dead or alive test, public events questionnaire, 

famous faces test, and famous people names completion and recognition test (see Reed & Squire, 

1998 for short descriptions).  

While the predictions of the SM are the same for semantic memory in general, as already 

described in the previous chapter, the MTT assumes a resemblance of the deficit for less often re-

activated or detailed public knowledge to that for autobiographical episodes. Those memories are 

assumed to be “episodic-like”, that is, still bound in the context of the acquisition episode, and thus 

still dependent on the HC complex. Memories that are frequently re-encountered, on the other hand, 

are thought to exhibit a relatively short gradient, as frequent re-activation supports the trace-

multiplication process and the integration of memories in semantic memory stores. 

Fujii et al. (2000) found in their review a correlation between the impairment of autobio-

graphical episodic memory and public knowledge [Fig. 8], with the latter relatively spared. Thus, 

most patients with damage restricted to the HC complex bilaterally, exhibited comparable, but less 

grave impairment of retrograde memory for public knowledge between 10 – 30 years. Exceptions 

were R.B. with no deficits for public knowledge, and L.J., who exhibited a 10-year RA in this do-

main, while his autobiographical memory was perfect. Similar to the performance in the episodic 

domain, the extent of the public knowledge loss is increasing with the size of the damage to the HC 

complex. Thus it is best preserved (up to 10 years loss) in patients with lesions restricted to the HC 

(e.g. R.B., L.J., L.C., B.E.), more extensively impaired when adjacent structures are implicated (e.g. 

                                                                                                                                                            
his severely impaired anterograde memory performance preferred the hippocampal complex lesion as the cause for his 

memory deficits. 
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L.M., W.H.), and most pronounced in patients with bilateral damage to all structures of the HC 

complex (e.g. E.P.).  

 

 

Figure 8. The correlation between public knowledge and autobiographical episodes found by Fujii et al. (2001). 
The numbers refer to the damage classification of the studied patients, roughly corresponding to HC bilaterally 
(1,2), HC Formation (3), HC Complex (4). (5) is refering to patients with lesions to the medial temporal lobes, 
while at least one HC is spared. Dotted and hatched circles indicate tests of knowledge for personalities or public 
events respectively. Open circles indicate the assessment of both.  

 

While the correlation suggests a similar dependency of both domains on the hippocampal 

memory system, the relative sparing of public knowledge is indicating either differences in the 

mechanisms of consolidation, or between the characteristics of both kinds of memory. However, al-

though a general association of damage size and extend of RA was observed, contradicting results 

were found, complicating the evaluation of the pattern of memory loss in the domain of public 

knowledge. H.M. (Corkin, 1984 in Rempel-Clower et al., 1996), who suffered severe damage to the 

HC complex, exhibited relatively limited graded RA restricted to the decade preceding the onset of 

amnesia, while patient V.C. (Cipolotti et al., 2001), whose damage was mainly restricted to the HC, 

exhibited extensive and virtually ungraded RA for at least 30 years. Before discussing these dis-

crepancies, some group studies will be re-viewed, offering clues about the underlying mechanisms 

leading to the differential impairment. 
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A group study (Viskontas et al., 2002), examining retrograde memory for information about 

famous people in temporal lobe epileptic patients, found temporally graded memory loss regardless 

of the side of pathology. The authors concluded, that the information is represented in both hemi-

spheres, with a limited degree of redundancy, and transferred to neocortical storage sites within a 

decade. Compared with the ungraded loss of autobiographical episodes (Viskontas et al., 2001), this 

is evidence for a different role of the HC and adjacent structures for remote episodic and semantic 

memory. But this statement has to be treated with some caution regarding the aetiology of long-

standing temporal lobe epilepsy. 

Another group study of temporal lobe patients (Kopelman et al., 1999) reported severe im-

pairment for at least 30 years in both subdomains of public knowledge (free recall). The patients 

exhibited a significant gradient for public events, extending over the 10 years prior to onset, but 

none for famous faces. A direct comparison between the degree of impairment of autobiographical 

episodes and public knowledge is difficult, as the latter was just assessed for the last 30 years before 

the onset of amnesia. But the still significant impairment of the group on the remotest point of the 

measures suggests the susceptibility of semantic memories to amnesia for at least 30 years. Interest-

ingly, the patients benefited disproportionably from recognition or name completion cues relative to 

healthy control subjects, elevating memory for personalities’ names even to the level of control sub-

jects, which, according to the authors, indicates a retrieval or access component of RA. 

In this respect it is interesting, that Schmidtke and Vollmer (1997) found a relation between 

the recall of recent autobiographical episodic memory and specific semantic knowledge (detailed 

facts associated with a certain personality), both best predicted by a measure of anterograde mem-

ory function, thought to reflect the function of the HC complex. General semantic knowledge (rec-

ognition of the personalities’ name) and remote specific knowledge were correlated with childhood 

autobiographical memory. This time a test of neocortical function (another semantic memory test) 

predicted the performance best. The authors concluded, that a transfer of dependence from the hip-

pocampal memory system to the neocortical storage sites takes 5 – 10 years for specific semantic 

knowledge and autobiographical memory. The outcome of this study suggests also that detailed 

public knowledge is similar susceptible to amnesia as autobiographical episodes, while more gen-

eral public knowledge is less impaired after damage to the HC complex. This differential impair-

ment of specific and general semantic knowledge could be interpreted as a retrieval component to 

the amnesic deficit, because of the recall/recognition tests used respectively (similar to the interpre-

tation of Kopelman et al. above). According to Schmidtke and Vollmer, the retrieval of general se-

mantic knowledge is less dependent on the HC complex, as it is frequently re-activated due to “re-

peated representation and/or internal rehearsal”, whereas detailed semantic knowledge is less prob-
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able to be re-activated often, and thus longer dependent on those structures. Thus the differences not 

necessarily have to indicate a retrieval impairment, but could also result from an effect of re-

activation frequency. 

Similarly, remarkable retrieval benefits for amnesic patients were obtained by applying im-

plicit tests in single-case studies. Severely amnesic patients, as V.C. (Cipolotti et al., 2001) and 

R.F.R. (Warrington, 1996), performed comparable to healthy control subjects, when there knowl-

edge of famous (personalities’) names was assessed by a familiarity judgement task. Cipolotti et al. 

argue, that lexical-semantic processes, supporting the retrieval of the preserved knowledge, might 

depend on structures outside the HC. As R.F.R. suffered severe damage to the HC complex, those 

processes would have to be situated outside those structures. Encephalitic patients with lesions to 

the (left) lateral temporal cortex (E.P. and G.T. in Reed & Squire, 1998 and two anomic patients in 

Kopelman et al., 1999) did not benefit from implicit testing, supporting this conclusion and pointing 

towards those lateral temporal regions as possible substrates, maintaining lexical-semantic represen-

tations. K.C. (Westmacott & Moscovitch, 2002), on the other hand, who showed a similarly normal 

performance when his memory for famous names was assessed via implicit testing, exhibited short 

gradients in other implicit measures of knowledge about famous personalities
8
. This suggests, that 

although lexical-semantic representations, presumably integral parts of the memory trace, are medi-

ated by structures outside the HC complex, the memory traces themselves are temporarily depend-

ent on the HC complex, while subject to a process of integration into semantic storage sites. The 

memory trace will exist in a degraded form, if those structures are damaged before the process of 

integration is completed. The length of the observed gradients is evidence for a consolidation period 

of 5 – 10 years, in which the memory trace is stored in the HC complex. In this context it is interest-

ing, that the specificity of the probed information had an effect on the extend of the gradient, as it 

was revealed by Schmidtke & Vollmer. While in a name recognition task a gradient of 5 years was 

observed, the recognition of the personalities’ category of fame showed an impairment over 10 

years. This is supporting the notion of Schmidtke & Vollmer, that within the domain of semantic 

memory a differential impairment of general and specific knowledge exists, presumably determined 

by the frequency of re-activation. 

Until here, the evidence points to the existence of a differential impairment of public knowl-

edge, compared to autobiographical memory, of semantic and episodic memory in more general 

terms. The observed relative sparing of public knowledge could be due to qualitative differences be-

                                                
8 The patient was not only deficient in more demanding implicit tasks, as name categorisation (personalities’ profe s-

sions) or matching of famous last with correct first name, but also in a measure of reading time, thought to separate fa-

miliar from unfamiliar names. The good performance for more remote periods suggests that K.C.’s RA is not just an 

inability to access stored representations, but rather an interuption of a consolidation process, leaving the memory trace 

incomplete (Westmacott & Moscovitch, 2002).  
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tween semantic and episodic memories, that is, the integration of semantic memories into neocorti-

cal storage sites, compared to the dependency of episodic memories on the hippocampal system 

throughout their existence, as it is predicted by the MTT. Alternatively, the differential impairment 

of the domains could be a consequence of quantitative differences, namely the greater susceptibility 

of episodic memories to temporal lobe amnesia, as they depend on more (supporting) elements and 

are acquired in a single trial, which would be compatible with the SM.  

However, differences within the domain of public knowledge were also revealed, with gen-

eral semantic knowledge less impaired, compared to specific, or detailed, semantic knowledge. 

Taken together, a possible interpretation of the pattern of impairment in the domain of public 

knowledge would be, that general semantic knowledge is more probable to be frequently re-

activated, than specific semantic knowledge. Frequent re-activation would first lead to a strengthen-

ing of the hippocampal-neocortical representation of the trace, and subsequently to a faster consoli-

dation of the information, as it is predicted by the MTT. 

It is difficult to think of a similar convincing interpretation, reconciling the observed pattern 

with the SM. The argument used to explain the semantic/episodic difference, namely the differential 

complexity of the representations of both kinds of memory, could be cited to explain differential 

impairments within the domain of semantic memories. While it is plausible to explain the seman-

tic/episodic difference that way, as there is the distinction between less and more complex traces re-

spectively, it is difficult to see, how a single memory trace, presumably binding general and specific 

information, could be supporting only general information after damage to the HC complex oc-

curred. It may be possible, to imagine a version of the SM, that stresses the frequency of re-

activation as a factor determining the time-course of consolidation. This version could deal with a 

differential impairment of seldom and often re-activated parts of the semantic memory trace, as it 

could also explain the difference observed between semantic and episodic memories in general. But 

this would make the theory very similar to the MTT, as parts of the memory trace (details), as also 

whole memories, could theoretically be dependent on the HC complex as long as they exist, if just 

seldomly re-activated. However, as this is the most concise difference between the predictions made 

by both theories for the domain of semantic memory, decisive evidence would be the observation of 

an impairment of semantic memory for very remote periods. 

As mentioned above, patient H.M. showed, despite severe damage to the HC complex, only 

a deficit of public knowledge for about 11 years, which is not only questioning the assumption of 

the MTT, that also semantic memory can be extensively impaired, but also stands in flagrant con-

tradiction to the decade long impairment of patients with less severe damage in the critical regions. 

A possible explanation might be the young age at which H.M. became amnesic. The reliable as-
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sessment of public event questions in healthy subjects aged 16 or 17 years is problematic, as they 

perform very poorly for the preceding decade (Squire, 1974 in Rempel-Clower, 1996). This might 

be intuitively explained by the low interest or exposure to public events before that age, and for the 

same reason this argument might also be true for knowledge of famous personalities. H.M. became 

amnesic with 27 years, and thus might just exhibit a relatively short loss of public knowledge, be-

cause tests might not be able to find a difference to the poor public knowledge of teenagers. This 

argumentation for a partially covert deficit is supported by the study of patient E.P., who suffered 

similar severe damage as H.M., but in an age of 70, and exhibited an extensive graded RA over 40 

years. A study K.C. participated in revealed an impairment in recalling knowledge for public events 

throughout life (Yaschyshyn et al., 1998 in chapter 3.2.1). The design of this study, assessing the 

quality rather than the quantity of retrograde memory might be better suited to probe the few ac-

quired memories from early periods of life. 

The relative severe impairment of V.C.´s public knowledge, extending over 30 years, might 

be explained by the principle of test construction chosen in this study, which was matching on ac-

quisition strength. The deficits of amnesic patients are detected by a comparison to the performance 

of a control population, subjects with a normal memory. To construct tests, it is necessary to decide 

on which point in time the items from different periods have to be matched. This variable is referred 

to as “item difficulty”, and can orientate on acquisition strength or retrieval probability (Meeter et 

al., 2004).  

If items are matched on mean acquisition strength, they have to be chosen in a way that 

guaranties the equal exposure of the subjects to the items. This would be that all items had a similar 

long and intense stay in the eye of the public. An example is the television programs test [page 14], 

which assessed knowledge about programs, each run for a year (Squire et al., 1975). If items are 

matched on retrieval probability (for example, a 80% retrieval probability for items of each period 

by a control population), remote items must have been encoded stronger to equate at retrieval with 

more recent items. For example, while items from recent periods have had just a short stay in the 

eye of the public, remote items may be present for a long time, and eventually entered into the se-

mantic knowledge pool of the culture, as for example household names as “Marilyn Monroe”
9
 

(Warrington, 1996). This difference may be one of quantity (of exposure), but could be reflected by 

a qualitative difference in memory.  

A test including remote semantic items and recent “episodic-like” items, may produce an 

apparently short gradient, mainly due to the assessment of already consolidated remote semantic 

                                                
9 Warrington (1996) suggests to test, if the items have a strong semantic component, by assessing intelligent teenagers 

with those tests. If remote items are recalled by them, this will be mainly due to the fact, that the items already entered 

the semantic knowledge pool of the society. 
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items, while remote “episodic-like” items, may be lost, but not assessed. Thus for “episodic-like” 

memories, an impairment similar to that of autobiographical episodic memories may be present. 

Most studies make use of salience-matched tests (Meeter et al., 2004), and thus are open to critic in 

this point (see also Cipolotti et al., 2001). However, Shimamura et al. (1989) tested amnesic patients 

with remote items of different difficulty (down to 20% recall probability). The patients were able to 

recall remote items for all levels of difficulty comparable to control subjects, speaking against a 

covert impairment of remote memories. 

V.C.´s public knowledge (public events and famous faces recognition and recall) was as-

sessed by tests constructed by acquisition strength matching, excluding items “subject to repeated 

review in media, movies and books” (Cipolotti et al., 2001). The outcome of this study suggests that 

semantic memories that had only a short stay in the public are equally susceptible to amnesia as epi-

sodic memories, presumably because they are still associated with a “restricted context at a given 

point of time”, making, or better, leaving them “episodic-like” in nature, and thus dependent on the 

HC complex. (Nadel & Moscovitch, 2001). This can be contrasted with memories for public events 

or personalities that are present for a long time, making them more semantic due to many re-

activations, and thus freeing them of the dependency on a specific context. Again this can be paral-

leled with the differential impairment of specific, seldomly re-activated semantic memory (here 

“episodic-like”) and general, more frequently re-activated semantic memory, as observed by 

Schmidtke & Vollmer. Furthermore this study is evidence for a partially dependency of semantic 

memory traces on the HC complex for more than 30 years.  

The susceptibility of remote public knowledge to the amnesia is also supported by the before 

mentioned study of Yaschyshyn et al. (1998), though the results obtained for the domain of public 

knowledge are open to the same criticism as those for autobiographical memories. The amnesic pa-

tients were severely impaired in retrieving detailed memories. They performed very poorly, show-

ing an ungraded RA, in this case a lack of quality across all lifetime periods. 

Summarizing the chapter, a conservative evaluation of the re-viewed studies shows, that 

public knowledge is less impaired after damage to the HC complex, than autobiographical episodic 

memory, though a correlation was found. This association can be interpreted as a similar depend-

ency of both domains on the hippocampal memory system, with public knowledge more likely to be 

retained after damage to the region. If this relative sparing is due to qualitative differences, as the 

MTT suggests, or due to quantitative differences, which would be compatible with the SM, is diffi-

cult to evaluate by the available data. Here studies that differ between “episodic-like” and semantic 

memory, or between detailed and general semantic memory indicate that the amount of re-

activation is a crucial factor, determining the time course of the consolidation process. This and the 
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fact that certain semantic memories, or the quality of remote semantic memories, are susceptible to 

amnesia for more than 30 years, presumably because not too often reencountered, would support the 

position of the MTT: The HC complex is maintaining complex traces for episodic and “episodic-

like” memories, while semantic memories can also be integrated in, and supported by neocortical 

storage sites. Clearly more evidence is necessary to make a decisive judgement. Clarity can only be 

achieved, by delineating the underlying mechanisms and characteristics that produce the seman-

tic/episodic difference. Testing the quality of recent and remote memories in the different domains 

will help to break the circularity of an simple definition of semantic/episodic memory as dependent 

on neocortex/HC complex respectively. 

 

3.2.4 General Semantics 

 

The term “general semantics” is referring to the conceptual knowledge of words, grammar 

and objects. The SM would assume a graded retrograde memory loss in this domain, after damage 

to the hippocampal memory system, as it is part of the declarative memory system. Again, a dispro-

portional sparing of this domain could be explained by quantitative differences. The MTT empha-

sises the close connection to the domain of language and object-recognition, rather than to the do-

main of memory, and suggests an acquisition and representation supported by structures outside the 

HC complex (Nadel & Moscovitch, 1997).  

General semantics are mostly unaffected by medial temporal lobe pathology, even in pa-

tients with lifelong loss in other domains (Fujii et al., 2000), but impaired after damage to lateral 

temporal cortex (Schmolck et al., 2002). As they are mostly acquired in childhood, this can be ex-

plained by both theories. More interesting is the state of general semantics acquired in periods for 

which a patient exhibits dense RA. This would entail knowledge of words that came into the public 

vocabulary during this time, or terms related to the patient’s profession and learned in that period.  

 A group study, which investigated this issue, found relatively preserved knowledge for Eng-

lish words (non-significant ungraded loss), which entered the public vocabulary between 1955 and 

1989 (Verfaellie et al., 1995). Tested was a group of amnesic patients with mixed aetiologies and 

the authors concluded, that in patients with lesions restricted to the medial limbic system pre-

morbidly acquired knowledge of words is intact.
10

 Similarly, patient R.F.R. (Warrington & 

McCarthy, 1988) showed preserved knowledge for 50 new words, like aids, telecom or (space) 

                                                
10 As the majority of the group became amnesic due to anoxic episodes, an implication of hippocampal structures can be 

assumed, despite the lack of neuroanatomical data. Interestingly, an gradient in this domain, observed in a second group 

suffering the Korsakoff´s syndrome, was associated with a measure of frontal dysfunction and interpreted as a retrieval 

deficit. 
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shuttle, which entered the public vocabulary in a time for which the patient is severely retrograde 

amnesic. Patient S.S. (Cermak & O’Connor 1983 in Kapur, 1999) showed preserved knowledge 

about laser technology and physics, related to his profession and acquired in a period about which 

he has no memory for public knowledge or autobiographical episodes. 

An examination of patient K.C. (Westmacott & Moscovitch, 2002), on the other hand, re-

vealed a deficit for words, which entered the public vocabulary in the 5 years prior to amnesic on-

set. The use of very sensitive implicit measures, with low demands on retrieval effort, as word pro-

nunciation and reading time measures, excluded a pure retrieval deficit in favour of a (trace) storage 

deficit. Similar, as seen in the domain of public knowledge, intact lexical-semantic representations 

can still inform the patient’s guessing (as seen in K.C.’s familiarity judgements), though the mem-

ory traces themselves are degraded (as seen in word reading times and more explicit tests) if the 

consolidation process is interrupted.  

L.M. (Rempel-Clower et al., 1996) was impaired on knowledge commonly employed in his 

profession in the last 20 years before onset of amnesia, a time for which he also showed a dense 

autobiographical memory loss. Nadel and Moscovitch (1997) argue, that this specific loss within 

general semantics may be due to a strong connection of the knowledge to the episodic memory sys-

tem, comparable to autobiographical semantic memory items. 

Only few studies of temporal lobe amnesic patients explored the domain of general seman-

tics, and the discrepancies between them make it difficult to judge the effects of medial temporal 

lobe damage on general semantics. It can be stated with some certainty, that this domain is rela-

tively spared, compared to other domains. However, also here retrograde memory loss was ob-

served in amnesic patients, which speaks against the MTT assumption of a total independence of 

general semantics from the HC complex. Thus general semantics are dependent for a relatively 

short time on the HC complex, after which they are supported by neocortical structures, presumably 

in the posterior and lateral temporal cortices. The duration of the involvement of the hippocampal 

memory system may be determined by the integration of the knowledge into an episodic-like con-

text. Reencountering would free the information from this context (Verfaellie et al., 1995), leading 

to a decrease of susceptibility of the memory to medial temporal lobe pathology, as it was already 

established for the other domains of semantic memory. 

 

3.2.5 Spatial Memory 

 

Early assumptions on hippocampal function focused already on spatial memory (O’Keefe & 

Nadel, 1978). Though mainly based on animal studies, the theory was applied to the hippocampal 
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function in humans. There have been diverse studies of anterograde spatial memory in amnesic pa-

tients (Bohbot et al., 1998) and normal subjects (Burgess et al., 2002), which confirmed the in-

volvement of medial temporal lobe structures in this domain. Despite these long-standing claims, 

research on retrograde memory in this domain is seldom, and rather focused on episodic or semantic 

memory. Two patients with damage to the HC complex have been studied more extensively on re-

mote spatial memory. 

The first study (Teng & Squire, 1999) tested patient E.P. on verbal navigation tasks, and a 

non-verbal “pointing-to-landmarks” task, regarding his hometown, from which he moved away 

more than 50 years ago. E.P. was able to describe routes from his former home to other known loc a-

tions, between two known locations, and between two locations when the most direct rout was 

blocked. Furthermore he pointed to correct directions, when advised to imagine a position of him-

self in his former hometown and to point to certain landmarks. He performed within or above the 

range of control subjects in all of the tasks. This can be seen as evidence, that he retained a pre-

served allocentric spatial representation (cognitive map) of a place where he lived over 50 years 

ago. E.P. was unable to solve any of the tasks regarding his actual home town, where he moved af-

ter the onset of his amnesia, which is conform to the anterograde spatial memory deficits in other 

amnesic patients. 

The second study (Rosenbaum et al., 2000) confirmed the findings above with patient K.C.. 

He was able to draw detailed sketch maps of his neighbourhood in which he already lived before 

the onset of his amnesia, though he included fewer landmarks than control subjects. In tasks similar 

to those above, K.C. showed a normal performance, while he was not able to draw the floor plan of 

the library he was working in since 3 years. The evidence suggests that the HC complex is neces-

sary for the acquisition of cognitive maps, but that those representations are getting independent of 

it. 

However, in an identification and localization task of neighbourhood houses, he performed 

rather poorly compared to control subjects. Though he was able to identify and locate “major” land-

marks (shoppingcenter, school), he was impaired in identifying and even more on locating 

“smaller” landmarks (houses of the neighbourhood). Thus he exhibited an impaired detailed spatial 

representation of his neighbourhood. Rosenbaum et al. argument, that K.C. “lacks information 

about incidental, topographic details”, which are typical for remote spatial memory in normal sub-

jects. Richly detailed cognitive maps cannot be maintained after destruction of the HC complex. 

Again a problem in attributing his poor performance to the HC complex arises due to K.C.’s 

additional damage in frontal and occipital lobes, though areas known to be involved in spatial proc-
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essing (right parietal cortex, posterior cingulated cortex) are well preserved. Additional studies of 

patients with more restricted damage should resolve this issue. 

The preservation of general and salient aspects of cognitive maps, apparently due to a trans-

fer process to other areas, while details are lost, resembles the pattern observed in other domains. 

While the gist of memories is preserved, due to consolidation, details are lost after damage to me-

dial temporal lobe structures. This can be interpreted as evidence for a lifetime dependency of de-

tailed (and seldomly re-activated) spatial information on the critical structures in the HC complex 

(Rosenbaum et al., 2000), as it was before stated for detailed and seldomly re-activated public 

knowledge and autobiographical episodes in general. 

 

3.2.6 Summary 

 

The studies revealed an association of lesion size and the severity of memory impairment in 

the domains of autobiographical episodic memory and public knowledge, indicating that semantic 

and episodic memories are dependent on the HC complex in a similar way. However, semantic 

memories are generally dependent on those structures for shorter periods than episodic memories. A 

similar pattern was observed in the domain of spatial memory, where detailed knowledge was af-

fected by damage to the HC complex, but general aspects not. Those differences are due to the dif-

ferent complexity of memories, or arise due to an effect of exposure frequency, or both, and may 

explain, why simple and often reencountered general semantics are dependent on the hippocampal 

memory system for only short periods.  

With respect to the dependency of remote memories on the HC complex, those acquired 40 

years before the onset of amnesia or even longer ago, a definite conclusion is not possible, as all of 

the patients exhibiting very extensive or ungraded RA also suffered damage, or showed irregulari-

ties, at sites outside the HC complex. Similarly, the outcomes of studies conducted on the quality of 

remote (episodic) memories of amnesic patients are contradictory and a qualified conclusion in this 

regard not possible. It may be possible, that the quality of memories in healthy subjects is decreas-

ing with time, which would have consequences for both theories of consolidation.  
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3.3 Spared Semantic Learning in Amnesic Patients 

 

As there is evidence for a relative sparing of semantic memory in RA, compared to episodic 

memory, there is a similar observation of a fractionation of AA into a relatively spared semantic 

and an severely impaired episodic component. In several amnesic patients a capacity to acquire new 

words after the onset of their amnesia was found, either in artificial learning situations (Tulving et 

al., 1991; Bayley et al., 2002) or in more ecologic valid studies, assessing the acquisition of factual 

knowledge during normal and uncontrolled day-to-day exposure to the world (late-onset amnesia: 

Kitchener et al., 1998; Verfaillie et al., 2000; Bayley et al, 2003; developmental amnesia: Vargha-

Kadhem et al., 1997; Gadian et al., 2000; Baddeley et al., 2001). Despite their ability to acquire se-

mantic information to a certain degree, they all were severely impaired in the formation of episodic 

memories. Can these observations be reconciled with the concept of a unitary declarative memory 

system, or are they evidence for a dissociation in declarative memory? The SM assumes a unitary 

system in which disproportionate sparing should not be observed. The MTT assumes the independ-

ence of general semantics from the HC complex, while all other kinds of semantic memory and epi-

sodic memory are dependent on those structures. 

 

3.3.1 Acquisition of Semantic Memory in Artificial Learning Situations  

 

One of the first of those few patients, who was found to exhibit an ability to acquire seman-

tic memory, was K.C.. Tulving et al. (1991), who used an “errorless learning” paradigm
11

, found 

K.C. capable to acquire an amount of semantic knowledge, which he retained over a long period. 

Though his learning was very slow and inefficient compared to control subjects and could only be 

tested implicitly, it was cross-modally transferable and independent of perceptual priming. 

To explain the success of K.C. in this study, Tulving et al. stress the low interference in the 

learning sessions and the meaningfulness of the learned information. Changes in these variables 

may explain failures of other experiments in the same field (see Tulving et al., 1991 for references).  

In a study (Bayley et al., 2003) using the same paradigm, patient E.P. was shown to be ca-

pable to learn novel semantics, though he performed worse than K.C.. A further examination of the 

characteristics of the acquired knowledge showed, similar as above, several characteristics of im-

plicit memory. While it could be transferred to other modalities, it was not consciously accessible, 

                                                
11 The material consisted of pictures and simple 3-word-sentences (e.g. VACATIONER attracted MOSQUITO). The 

object noun of the sentence was the to-be-remembered target. The target had to be produced, either with the picture and 

two words of the sentence, or just the latter. To test cross-modal transfer the verbal cues were spoken instead of shown.  
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nor flexible enough to be available when the retrieval cues were changed (with synonyms). Also 

E.P. was inefficient in learning and needed a great amount of repetitions, until he showed retention. 

Corresponding to Tulving et al., this study situates the acquisition of this kind of information in the 

neocortex, but stresses the similarity to non-declarative memory. However, though it seems clear, 

that the kind of information acquired is not comparable with the semantic knowledge acquired by 

non-amnesic subjects, it can be considered as semantic learning in the absence of a functional epi-

sodic memory system. 

 

3.3.2 Acquisition of Semantic Memory in Day-to-Day Incidental Learning 

 

The acquisition of novel factual knowledge by amnesic patients can also be observed outside 

of laboratory experiments, which makes the evaluation in terms of normal semantic acquisition eas-

ier, though it lacks the possibility to control for the variables influencing the acquisition, as time and 

kind of exposure to the stimuli.  

Amnesic patient R.S., who was assessed 15 years after the sudden onset of his amnesic con-

dition, demonstrated the acquisition of semantic information, despite the inability to form new epi-

sodic memories (Kitchner et al., 1998). In famous faces and famous names tests he recognized faces 

of personalities, who became famous in the last 15 years, out of distractor non-famous faces, show-

ing a partially preserved ability to make familiarity judgements. Further he was able to give identi-

fying information to some of the entities in the recall components of those tests. On a new vocabu-

lary test he performed in a multiple-choice design well above chance and could define a few words 

readily. Though his performance, especially the recollection of identifying information or defini-

tions, was severely impaired relative to control subjects, compared with his inability to form epi-

sodic memories or to remember the names of individuals met after the onset of his amnesia, the se-

mantic knowledge acquired is impressing.  

Verfaellie et al. (2000) report a similarly severe amnesic patient P.S., who exhibited post-

morbidly acquired factual knowledge, assessed by famous faces and new vocabulary tests. The 

study examined the performance of two amnesic patients S.S. and P.S.. P.S. performed well in the 

recognition of both, famous faces and the meaning of new words, though he was unable to recollect 

identifying information or to define the words by himself. S.S. was not revealing any acquisition of 

post-morbid knowledge. Because the patients were comparable in the severity of their amnesia, 

their life-style (media-exposure) and the length of their amnesia, Verfaellie et al. argument that the 

differences in the extend and locus of the neuropathology are causing the differential pattern in se-

mantic memory. 
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Both patients had damage to the temporal lobes bilaterally. But while P.S.’s damage was re-

stricted to the HC proper, S.S. suffered additional pathology in the HC complex and the temporal 

poles. Though the temporal poles are in fact thought to be involv ed in semantic memory storage, the 

authors excluded them as the structures in question, firstly due to the superior performance for pre-

morbidly acquired knowledge of S.S., and secondly because “lasting semantic deficits” were 

consistently shown in lesions of more posterior temporal lobe regions, namely the inferior and mid-

dle temporal gyrus (see Verfaillie et al., 2000 for references). Thus the peri-hippocampal cortices 

were identified as the critical structures. Interestingly, also R.S. showed sparing of these structures 

in the right temporal lobe, and eventually, though severely damaged, some better-preserved struc-

tures in the left hemisphere might have been still functional. 

Similar evidence for post-morbid semantic acquisition was found for the above-mentioned 

patient K.C. (Westmacott & Moscovitch, 2001). Though the acquired information was explicit and 

“supplemented his implicit memory for famous names and vocabulary words”, it was “limited to 

simple unelaborated semantic, lexical, and orthographic representations”. Thus it seemed not to be 

integrated in the preserved pool of pre-morbidly acquired semantic information, but rather was in-

complete, inefficient and inflexible. With respect to K.C.’s pathology it may be possible to relate 

this capability of new semantic learning to spared peri-hippocampal tissue, though it appears se-

verely atrophied (see also Bayley et al., 2003). 

 

3.3.3 Evidence from Developmental Amnesia 

 

Further corroborating evidence for spared semantic memory acquisition, in the presence of 

profound episodic memory problems, comes from patients with developmental amnesia. This con-

dition is characterized by damage to the HC in early childhood, mostly due to peri- or postnatal hy-

poxic-ischemia, and an inability to form episodic memories. Despite the pathological HC and a vir-

tually non-functional episodic memory, patients are able to visit mainstream education and to ac-

quire factual knowledge comparable to normal control subjects (though on a low level). 

Vargha-Kadhem et al. (1997) were examining 3 children, Beth, Jon, and Kate, who became 

amnesic with birth, and in the age of 4 and 9, respectively. In all three patients the HC was severely 

shrunken bilaterally (43% - 63% of normal hippocampal volume) and the remaining tissue appeared 

severely compromised. 

All three patients had severely impaired day-to-day memory, expressing itself in spatial and 

temporal orientation problems, and in general episodic memory (remembering the day’s activities, 
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television programs watched, telephone conversations…). Against this stands the acquisition of 

reading and writing skills
12

, and an acquisition of factual knowledge comparable to their IQ scores. 

The findings were recently confirmed by a volumetric MRI group study (Gadian et al., 

2000), examining 5 patients with developmental amnesia (2 of those from Vargha-Kadhem et al., 

1997). The pathology was confirmed to be mainly restricted to the HC with limited involvement of 

basal ganglia and thalamus. 

In those patients the acquisition of semantic memory is interesting for two reasons. Firstly, 

they are able to acquire an amount of factual knowledge, which is not only in quantity, but also in 

quality comparable to age-matched control subjects. Secondly, due to the early age of amnesia on-

set, they do so despite lacking a pre-existing basis of semantic knowledge, which is present in late-

onset amnesic patients. Again it can be noted, that the structures adjacent to the HC were spared.  

 

3.3.4 A Possible Anatomical Locus of Spared Semantic Memory Capabilities  

 

Squire et al. (1998) argue, that the spared recognition performance exhibited by the patients 

with developmental amnesia provides evidence for spared “moment-to-moment” memory, which 

could be seen as a degraded kind of episodic memory, and thus the basis for the acquisition of se-

mantic knowledge. There is considerable evidence for a recognition function, based on the perirhi-

nal cortices, while the recollection of the learning episode (source) is supported by the hippocampal 

formation (see Aggleton & Brown, 1999 for an extensive debate on this issue). Standard tests of 

episodic memory rely heavily on recollection, and thus are performed poorly by patients with hip-

pocampal pathology. Most recognition tests, on the other hand, are performed well, as long as the 

cortices adjacent to the hippocampal formation (i.e. the perirhinal cortices) are spared (Yonelinas et 

al., 2002). Thus a partial independence of recognition processes from the HC may be assumed (Ag-

gleton & Brown, 1999). That this recognition function supports the acquisition of factual knowl-

edge (Squire et al., 1998; Baddeley et al., 2001) is just speculation, but evidence of the importance 

of the region implicated in recognition for the acquisition of novel semantic knowledge by amnesic 

patients is supporting this association. 

How flexible this knowledge is (Bayley et al., 2002), if it is consciously accessible (Tulving 

et al., 1991; Bayley et al., 2002), or if it can be recalled in tests demanding effortful retrieval (Ver-

faellie et al., 2000) may depend on the integr ity of the HC (Baddeley et al., 2001).  

 

                                                
12 Besides motor routines and behavioural skills, which are components of non-declarative knowledge, the acquired 

symbol knowledge and the ability to comprehend and to express ideas through writing can be thought of as semantic 

knowledge (Vargha-Kadhem et al. 1997). 
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3.3.5 Summary 

 

The findings of apparently spared semantic memory presented in this chapter make a disso-

ciation between semantic and episodic memory regarding acquisition seem plausible. But because a 

double dissociation cannot be established (Squire et al., 1998), the findings of disproportionate im-

pairment of episodic memory have to be scrutinized carefully. Criticism is targeting on several is-

sues.   

 

1. Though the acquisition of factual knowledge in developmental amnesic patients is impress-

ing, it is definitely abnormal in quantity and quality in late-onset amnesic patients, even in 

patients with restricted hippocampal damage (see evidence above; Manns et al., 2003b; 

Cipolotti et al., 2001). Furthermore, most patients do show a limited ability to recollect re-

cently experienced episodes (Squire et al., 1998). This makes it difficult to compare seman-

tic and episodic performance, especially because semantic memories are mainly acquired by 

frequent re-exposure, whereas episodic memories are acquired by single exposure. Thus 

quantitative differences in exposure frequency may account for the apparent sparing of se-

mantic memory (Manns et al., 2003b; Squire et al., 1998), rather than the dependency on 

different brain structures.  

2. A similar point can be made regarding the developmental amnesia, where patients scored in 

recall tests still above zero, and did quite well in recognition, indicating partially spared 

“moment-to-moment” episodic memory. Furthermore, the early age of cerebral damage may 

have been compensated partially by the development of alternative strategies or by the en-

hanced plasticity of the young brain (Squire et al., 1998; Baddeley et al., 2001). Maguire et 

al. (2001) found in an fMRI-study an activation of residual hippocampal tissue, which ex-

hibited an altered pattern of effective connectivity. 

3. Some of the above reported patients had additional damage to areas outside the HC com-

plex, for example K.C., to the frontal lobes, and R.S. to the frontal lobes and the anterior 

temporal poles. These areas are thought to be involved in the retrieval of episodic memory 

(Greenberg & Rubin, 2003; Fujii et al. 2000) and therefore the grave episodic impairment 

may be due to a retrieval deficit. This interpretation would propose a spared episodic mem-

ory capability, residing in the intact tissue of the HC complex, comparable with the acquisi-

tion of semantic memories, or - for those that do not differ – responsible for it (Bayley et al., 

2002).  
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Rather than to assume a clear dissociation between semantic and episodic memories in terms 

of structures supporting acquisition, a distinction between the characteristics of the kinds of declara-

tive memory could explain the observed pattern better. Late-onset amnesic patients, with partially 

intact peri-hippocampal structures, can acquire semantic memories, as those informing familiarity 

judgements or more explicit recognition performance, because they are less complex than episodic 

memories. Patients with developmental amnesia may exhibit an ability to acquire semantic memo-

ries in a near normal fashion mainly, because the residual hippocampal tissue in an eventually reor-

ganized hippocampal memory system is still able to support the acquisition process. Furthermore, 

the frequent re-exposure to semantic information might be a necessity for acquisition, whereas epi-

sodic memories can only be formed in a single-exposure manner. Again, contrary to the assumption 

of the MTT, general semantics seem to be rather an extreme case of semantic memories, that is, 

context-free and frequently reencountered, than totally independent from the hippocampal memory 

system. 
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4. Discussion 
 

The previous part gave an overview of different aspects of the consequences of damage to 

the hippocampal memory system. In this last chapter all the evidence will be evaluated regarding 

how well both theories can account for it. Firstly, the meaning of the HC complex for remote (epi-

sodic) memories will be discussed, taking into account the nature and extent of gradients of RA. 

Secondly, differences within declarative memory in terms of consolidation and of acquisition will 

be discussed, and an alternative framework to the semantic/episodic distinction introduced. Finally 

possible empirical future perspectives will be discussed, which would allow to clarify the nature of 

retrograde amnesia, and thus of the phenomenon of consolidation. 

 

4.1 Gradients in Remote Memory 

 

The retrograde extent of the memory deficit following damage to the structures of the HC complex 

is one of the most concise points of difference between the SM and the MTT. While the SM states 

the dependency of memory traces on those structures for a “limited time period after learning of up 

to a few years” (Squire et al., 1984), predicting thereby a maximal extent of RA over “a few years”, 

the MTT assumes the dependency of episodic memory traces on the “continuing involvement of the 

HC complex” (Nadel & Moscovitch, 1997), predicting thus an ungraded RA over the whole lifetime 

in case of severe damage to the critical structures. In this chapter the evidence from patient studies 

will be evaluated regarding this different predictions. Firstly, by looking at the association between 

lesion size and memory impairment, secondly, by discussing patients who suffered very extensive 

or ungraded RA, and thirdly, by the evaluation of studies assessing the quality of spared remote 

memory. 

 

4.1.1 An Association of the Extent of Retrograde Memory Loss and Lesion Size  

 

As the review of amnesic patient studies has shown [chapter 3.2] the extent of the damage to 

the HC complex determines the severity and extent of retrograde memory deficits. This can be 

stated with relative certainty for the domain of autobiographical episodic memories and public 

knowledge, while the available data is too sparse in the domains of autobiographical and general 

semantics, and spatial memory to draw a firm conclusion. 

Thus, regarding autobiographical episodes, lesions confined to single subfields of the HC 

produce minimal and temporally graded RA, maximally extending over 1 – 2 years. More extensive 

lesions, but still restricted to the HC proper, cause a graded memory loss for up to 15 years. If the 
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entorhinal cortex is involved, the RA may extend over several decades, again in a graded manner. 

Finally, severe damage to all structures may cause a memory loss over the whole lifetime. The pat-

tern of retrograde memory loss in the domain of public knowledge seems to parallel that in the 

autobiographical domain, though public knowledge is relatively spared. Severe, but restricted dam-

age to the HC complex is causing a temporally graded RA for up to 30 years.  

The association between lesion size and the extent of retrograde memory loss is in principle 

compatible with both theories. A problem is the assumption, that the HC comprises the centrepiece 

of the HC complex, and is therefore involved in the representation of any trace, as long as it is de-

pendent on the HC complex. The limited memory loss, observed in patients with purely hippocam-

pal lesions (e.g. R.B., G.D.), and the extensive loss, due to damage to peri-hippocampal cortex (e.g. 

L.M., W.H.), suggest a temporally-limited dependency of recent memories on the HC, thereafter the 

memories are dependent on other structures in the HC complex.  

To reconcile the SM with this pattern of impairment, proponents could assume multiple 

stages of consolidation, beginning with the involvement of the HC, continued in peri-hippocampal 

structures (EC, PRH, PHC) and finished with the storage in temporal and neocortical association ar-

eas (Squire et al., 2001). Similarly, the MTT would have to give up its position of lifelong involve-

ment of the HC in episodic memories, but could still assume a shift of the life-time dependency of 

episodic memories from the HC to other structures in the HC comp lex (Fujii et al., 2000). 

On the other hand, the pattern could be partially explained by the varying functional proper-

ties of the residual hippocampal tissue. Damage to the main input pathways to the structure, as the 

PRH and PHC, may result in a further decrease of already impoverished functional capability. The 

author is just aware of one study (Maguire et al., 2001), examining a patient who suffered postnatal 

hypoxic-ischemia (developmental amnesia), which measured a functional contribution of a severely 

shrunken HC to autobiographical episodic memory. Thus a more severe amnesia in patients with 

additional lesions to extra-hippocampal medial temporal lobe structures could result from impover-

ished input to partially spared hippocampal (or hippocampal formation) tissue. This view, of a con-

tribution of spared residual tissue to memory performance, could also explain the differences be-

tween patient V.C. or L.J. [page 26] and other patients suffering damage mainly circumscribed to 

the HC.
13

 Apparently a contribution of spared tissue is possible, though there may be differences 

between developmental amnesic patients, which became amnesic in a phase of life, where the brain 

                                                
13 This by no means rejects the idea, that peri-hippocampal structures are contributing to memory performance by more 

than pure transmission of information. It is widely accepted, that those structures are supporting functions that are 

spared when the damage is restricted to the HC [Chapter 3.3; but also Squire & Zola, 1997]. Rather the notion should 

emphazise that the functional capacity of a highly complex structure is not necessarily a “all-or-none” function. 
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still exhibits great plasticity, and late onset amnesic patients. Functional imaging enables those 

studying memory, to investigate this issue. 

 

4.1.2 Extensive Temporally Graded and Lifelong Ungraded Retrograde Amnesia 

 

The SM assumes the HC complex just to be a temporary depository, or site of linkage be-

tween neocortical association areas. The function of the medial temporal lobe structures involved in 

consolidation was (and is) thought to be an adaptive one. The “fast-learning” hippocampal system is 

involved in the encoding and maintenance of declarative information, until this information is 

gradually integrated in “slow-learning” neocortical structures. A fast acquisition of the information 

by neocortical structures would lead to catastrophic interference and instability (McClelland et al., 

1995). Therefore consolidation is viewed by proponents of the SM as a process, supporting the ad-

aptation of the brain, and thus of the individual, after behavioural experience (Squire & Alvarez, 

1995). Early findings of gradients extending over a few years were compatible with this interpreta-

tion. 

However, findings of extensive memory loss over decades are questioning the assumption of 

an adaptive basis of consolidation. A transfer process, which is lasting several decades, is compara-

ble to “average human life-span throughout much of history” (Nadel et al., 1997).  

Thus the SM is in need for a new theoretical basis of consolidation, though the dispute of the 

interpretation does not deny, that consolidation over decades can be explained by the theory. 

Knowlton and Fanselow (1998) propose a process, protecting memories against the “onslaught of 

aging on the brain”, could underlie the long lasting involvement of the HC complex in memory 

consolidation. Apoptosis, or programmed cell-death, has a time-course spanning the whole life, and 

is indeed an intriguing speculation, that could explain extensive gradients. Nevertheless it is un-

clear, regarding this interpretation, why remote memories should not be subject to the same detri-

mental effects as more recent ones, and thus not be in need for the function of the HC complex.  

The MTT can instead account for extensive gradients without the postulation of a decade-

lasting process of consolidation. Due to re-activation, more remote memories are represented by 

multiple traces, and thus strengthened. Those are less susceptible to amnesia, than less often re-

activated, and thus less redundantly represented, recent memories. Partial damage to the HC com-

plex is thus mainly affecting the latter. 

Another, more immediate threat to the SM are findings of ungraded RA in the domain of 

autobiographical episodic memories, after damage to the HC complex (e.g. V.C., K.C., N.T., G.T., 

R.F.R). In those cases, there is no evidence of a transfer or consolidation process, as there is no gra-
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dient suggesting a relative sparing of remote memories. However, those patients show all signs of 

damage or functional abnormalities in areas outside the HC complex [chapter 3.2.1]. Declarative 

memory is a high-level function, involving a wide network of structures. Damage to each could re-

sult in retrograde deficits, which makes an attribution of the deficit to medial temporal lobe damage 

problematic. 

In K.C. the frontal-parietal and occipital cortex are partially lesioned. While the frontal cor-

tex is known to be implied in an episodic retrieval mode (Maguire, 2001), storage sites in the visual 

system are supposed to play an important role in autobiographical memory retrieval, which is 

thought to be particularly depending on visual imagery (Greenberg & Rubin, 2003). G.T. suffered 

damage to the lateral temporal cortex bilaterally, which is involved in semantic memory storage 

(see evidence from semantic dementia: Graham et al, 2000; or from lesion studies: Schmolck et al., 

2002) . In N.T. and many temporal lobe excision patients, the temporal poles were implicated. 

Those are strongly connected to frontal cortices and medial temporal lobe structures, and thus dam-

age to that region could destroy transmission routes or convergence zones between both (Fujii et al., 

2000). V.C. showed hypometabolism in the right thalamus
14

. The thalamus is projecting to frontal 

regions, and the functional degradation of those connections, may result in a ungraded retrograde 

memory deficit (Kopelman, 2000).  

Furthermore the adequacy of temporal epilepsy patients (N.T.; Viskontas et al., 2000; even-

tually V.C.) for statements about remote memory is questionable. To definitely confirm the exis-

tence of lifelong retrograde episodic memory loss due to damage to the HC complex, the contribu-

tion of additional pathology to retrograde memory deficits and pre-onset memory deficits have to be 

excluded. 

However, the notion of a lifelong impairment of autobiographical episodes is also supported 

by group-studies, though these partially included patients with damage to structures outside the 

critical region, or epileptic subjects. On the other hand, patient E.P. [page 25] showed spared mem-

ory for the childhood period despite severe damage to all structures of the region (plus to the lateral 

temporal cortex). 

A definite confirmation of the loss of even the remotest memories in the face of circum-

scribed HC complex damage, would contradict the core notion of the SM, namely the independence 

of remote episodic memories from the hippocampal system. The MTT, on the other hand, is postu-

                                                
14 Hypomethabolism does not necessarily imply structural damage. ”Downstream-targets” of lesioned structures may be 

generally affected, dependent on the functional deficit resulting from damage to the latter (Cipolotti et al., 2001). How-

ever, a functional degradation may cause behavioral deficits. Therefore functional abnormal structures have to be con-

sidered. 
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lating the dependency of episodic memories on those structures, as long as they exist. Thus it would 

account for findings of flat gradients, extending over the whole lifetime. 

 

4.1.3 The Quality of Remote Memories 

 

A problem for the MTT arises from spared remote memories, which are in quality and quan-

tity comparable to those of healthy control subjects. According to the theory, damage to the HC 

complex should also degrade remote memories to a certain degree. This predicted pattern of qualita-

tive loss in remote memory was not found in studies with an appropriate patient population, apply-

ing tests sensitive to the quality of remote memories of autobiographical episodes. 

However, the three patient studies done on this issue are just the beginning of the assessment 

of remote memory quality and methodological issues are still poorly elaborated. For example the 

scoring system (e.g. the categories) for details is not standardized (Moscovitch et al., 1999). Addi-

tionally a relative decline of retrograde memory quality in control subjects (Moscovitch et al., 1999) 

was observed. This might preclude a detection of memory deficits for remote periods, as long as 

tests are not sensitive enough to assess more subtle qualitative differences (Bayley et al., 2003).  

 

4.2 A Dissociation between Episodic and Semantic Memory 

 

As introduced in [Chapter 1.4], there is a basic differentiation between semantic and epi-

sodic memory. Both theories are referring to those kinds of memory, but with different conse-

quences.  

While the original SM (Squire et al., 1984) is exclusively referring to declarative memory, 

including semantic and episodic memory, later publications of the proponents differed either be-

tween structures involved in retrieval (Squire et al., 1998), between characteristics of complexity 

(Knowlton & Fanselow, 1998) and acquisition mode (Bayley & Squire, 2003b), to accommodate 

emerging patterns of differential impairment. Nevertheless, the SM treats declarative memory as a 

unitary memory system, assuming the same structures and mechanisms of consolidation for epi-

sodic and semantic memory.  

The MTT instead postulates differential mechanisms involved in the “consolidation” of epi-

sodic and semantic memory. While episodic memories are not consolidated, but are rendered less 

susceptible to damage by a process of trace multiplication within the HC complex, semantic memo-

ries are integrated, thus consolidated, into semantic memory stores, presumably situated in the pos-
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terior and lateral temporal cortex. Additionally, the theory proposes a separate role for general se-

mantic memories, which are acquired and represented outside the hippocampal system. 

In the following the patterns of episodic and semantic memory, and the available accounts 

made for them by both theories, will be evaluated. Firstly, observed differences between remote 

memories from the various domains in the dependency on hippocampal system structures will be 

discussed. Thereafter, evidence from the acquisition of novel semantic memories by amnesic pa-

tients will be evaluated regarding underlying structures and a possible dissociation. Finally, an al-

ternative framework will be introduced, which takes underlying characteristics of semantic and epi-

sodic memories into account. 

 

4.2.1 Differences in Gradients for Different Kinds of Memory  

 

For the domain of non-spatial memory, namely episodic and semantic memory, differential 

patterns of memory loss were observed. Comparing the length of gradients in the autobiographical 

episodic domain and in the domain of public knowledge, it can be said, that there is a correlation 

between the severity of retrograde memory deficits. Whereby the gradients of autobiographical 

memory are in general more extensive, or, the other way round, public knowledge is relatively 

spared. Autobiographical semantic memory also seems less affected by HC complex damage, and 

in some patients, exhibiting severe RA for episodic memory, also preserved. General semantics, 

when tested, are always spared for early periods, but can be impaired, if acquired up to a few years 

before the onset of amnesia. 

Therefore, a hierarchy of severity of impairment after medial temporal lobe damage can be 

postulated, with autobiographical episodic memories exhibiting the most extensive gradients, fol-

lowed by episodic-like public knowledge and autobiographical semantics, and finally general se-

mantics, which are the least affected. 

For the domain of spatial memory a similar pattern of impairment was observed. While a 

spatial representation, a cognitive map, of a remote environment was preserved, it was lacking de-

tailed information. A parallel can be drawn to the above findings, with episodic memories, detailed 

and contextually rich in nature, more severely impaired than semantic memories, thought to be less 

contextually bound or even context-free. 

The SM assumes a unitary declarative memory system, and is not explicitly mentioning se-

mantic and episodic memory. Nevertheless its proponents explain differential impairment of the 

two kinds of memory by quantitative differences (Knowlton & Fanselow, 1998). Episodic memory, 

as it consists of multiple elements, bound into an spatial and temporal context, is more probable to 
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be impaired by loss of any one of those elements. Furthermore, an episodic memory is acquired by 

a single exposure to an event, while a semantic memory is acquired by repeated re-encountering of 

the information, which might strengthen its hippocampal-neocortical representation, and lead to a 

faster integration of the information into neocortical storage sites. Thus episodic memories are more 

susceptible to damage, than simple semantic memories. To account for lifelong loss of episodic 

memories, while more semantic memories are partially spared, the specific involvement of frontal 

neocortex in episodic retrieval is emphasized (Squire et al., 1998).  

The MTT proposes a qualitative difference between semantic and episodic memory, and 

thus can account readily for differential patterns of impairment. The difference is thought to lie in a 

varying contextual richness of the memory traces. Contextually rich memories are dependent on the 

HC complex as long as they exist, and thus most severely impaired. Memories that are less contex-

tually rich, or free of context, are relatively spared, as they are either multiple represented, due to 

frequent reactivation, or, as it is most likely for context-free memories, integrated with time into 

storage sites in posterior or temporal neocortex. 

Therefore, autobiographical episodes, which are not only contextually rich in content, but 

also are embedded in a spatial and temporal context, will be lost over all life-time periods, after 

complete damage to the HC complex. In case of partial damage they are most severely impaired. 

Spatial memories, knowledge of public events, contextually rich in content, and knowledge of fa-

mous personalities, which may also be embedded in a rich context, are in tests demanding detailed 

retrieval similarly severe impaired as autobiographical episodes. Tests of these categories, that are 

assessing rather general information, as undetailed spatial representations, the gist of an event, or 

the recognition of names or faces, may show a relatively spared retrograde memory, due to two rea-

sons. Firstly, the assessed information is often re-activated and thus multiply represented, while less 

often reactivated details are lost. Secondly, the information is due to its frequent re-activation al-

ready integrated into the respective storage sites. The argumentation is similar for autobiographical 

semantics, as facts about oneself, which are due to frequent re-activation and their rather context-

free nature just for a short time dependent on the HC complex. General semantics, contrary to the 

claim of the MTT, seem to be similarly dependent on those structures, but gain due to their initial 

relatively context-free nature, and presumably frequent re-activations,  independence from them in a 

shorter period. 

Both theories are in principle able to explain the patterns of differential sparing. The SM 

mainly by later “add-ons”, as quantitative differences in exposure, and in complexity. The MTT, 

similar to the latter point, by the virtue of differing between the contextual complexities.  
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However, intriguing are findings of extensive RA of more than 30 years in semantic do-

mains, as showed by V.C. [page 39] in a test constructed by acquisition strength matching, exclud-

ing overlearned semantic items. The question arises if a deficit for more remote periods could have 

been revealed if tested. There might be some doubt, as this would mean to assess memories about 

public events or personalities, which had only a short stay in the eye of the public four decades ago. 

Rempel-Clower et al. (1996) note, that those information might be normally forgotten over decades, 

which would preclude a finding of a patient/control difference in test performance. Though there is 

the phenomenon of childhood amnesia, a reduction of autobiographical memories from early child-

hood in older adults (Rybash & Monaghan, 1999), and eventually a degraded quality of old auto-

biographical memories (Moscovitch et al., 1999), it is in general no problem to retrieve very remote 

autobiographical episodic memories for normal subjects. Thus, while it may be reasonable to search 

for effects of amnesia on remotest autobiographical episodic memories, the same venture in the 

domain of semantic memories may be in vain. Furthermore, the reliable assessment of public 

knowledge for ages below 17 years was shown to be unreliable [page 37]. In this sense definite evi-

dence for one or the other theory may not be found in neuropsychological studies of semantic 

memories. However, the facts, that the frequency of re-activation determines the severity of im-

pairment within the domain of semantic memories (“episodic-like” vs. semantic memories) and 

even within presumably single memory traces (specific vs. general semantic knowledge), and that 

this impairment can extend over more than three decades, indicates that the assumptions of the 

original version of the SM are too simple to explain the complex patterns of memory loss observed 

in patients with damage to the hippocampal memory system. 

 

4.2.2 Acquisition of Semantic Memories by Amnesic Patients  

 

As there is a discussion about the differential degree of impairment of semantic and episodic 

memory, a similar debate is led in the domain of memory acquisition. The theories of consolidation 

differ in their assumption about the acquisition of semantic memory. While the SM postulates a uni-

tary declarative memory system, which is responsible for semantic and episodic memory acquisi-

tion, the MTT postulates mechanisms of acquisition of general semantics outside the HC complex. 

In amnesic patients a residual capability to acquire general semantics and factual knowledge 

is now broadly accepted [Chapter 3.3]. While this spared learning of vocabulary and facts is con-

trasting with an inability of forming episodic memories, it is difficult to compare both kinds of 

memory, regarding acquisition. This difficulty results mainly from two points. Firstly, late-onset 

amnesic patients show generally a severely impoverishment of acquired semantics, which argues 
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strongly against a totally independent and spared semantic memory system. Secondly, amnesic pa-

tients may exhibit some spared episodic memory capabilities (moment-to-moment memory). 

Though not functional enough to form lasting episodic memories (e.g. of personally experienced 

episodes), it may be sufficient to support the degraded kind of semantic memory acquired.  

Nevertheless the evidence is suggesting differences between semantic and episodic memo-

ries. Those may lie in the complexity of the to-be-acquired memories and/or in the exposure fre-

quency. The HC is important for an integration of semantic memories into the context of pre-

existing semantic memory networks. Without HC participation an acquisition is possible by the ad-

jacent cortex, though the knowledge will be poorly integrated into semantic memory stores, in other 

words, it will show degraded characteristics similar to non-declarative memory. Episodic memories 

cannot be acquired if the HC is damaged. 

As both theories treat the hippocampal memory system as a whole, without further (explicit) 

differentiation between separate contributions of substructures, none can account readily for sepa-

rate learning systems within the HC complex. However, a reconciliation of the evidence with the 

theories may be possible to a certain degree. Regarding the SM, post-morbidly acquired semantics 

could result from a process of  “slow” learning, due to frequent re-exposure, supported by neocorti-

cal structures (McClelland et al., 1995), presumably those, that are part of the HC complex (Manns 

et al., 2003b). The MTT, on the other hand, assumes a role of neocortical structures, in the acquisi-

tion of general semantics, but makes no statements about the acquisition of other kinds of semantic 

memory outside the HC (besides the vague proposal of differential roles for substructures in sup-

porting different components of memories). An totally HC-independent acquisition of semantic 

memories is unlikely, thus similarly to the SM, proponents of the MTT assume a residual capacity 

of non-hippocampal medial temporal lobe structures to “extract regularities from repeated experi-

ences”, thus to support the acquisition of context-free semantic memories (Rosenbaum et al., 2001). 

Without the support of the HC, this acquisition process is more laborious and less efficient. This is 

also concordant with the short dependency of context-free, semantic memories on the HC complex, 

observed in studies of remote memory. 

 

4.2.3 A Distinction in Terms of Contextual Complexity 

 

Proponents of both theories (now) accept differences between semantic and episodic mem-

ory in acquisition and consolidation, though the rough distinction between semantic and episodic 

memory is not seen very helpful in delineating the contributions of single substructures (Manns et 

al., 2003b). As mentioned above, a differentiation between the contextual complexities of memories 
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could be helpful to explain the patterns of impairment in AA and RA. Contextual complexity refers 

to the degree a memory is supported by facts surrounding it, but also by its spatial and temporal 

context. Thus a basic distinction between context-dependent and context-free memories can be 

made, mirroring the distinction between episodic and semantic memories. Studies of RA showed 

that episodic memories depend on the HC complex for longer periods than semantic memories. 

Studies of AA showed that the acquisition of semantic memories is possible to a certain degree if 

the HC is damaged, whereas the acquisition of episodic memories is virtually impossible. 

An operationalization of different kinds of contexts was proposed by Rosenbaum et al. 

(2001). According to them, context “refers to the complex of cues that provide the background to 

the event or task in question”. They differ between complex, relationally linked cues and non-

relationally, independent links between single cues and the event forming simple associations.
15

 

While relational contexts are dependent on the HC complex, associative contexts are not. The for-

mer are thought to underlie context-dependent, thus more episodic-like memories. The latter are in-

volved in context-free, thus more semantic-like memories. As all declarative memories are encoun-

tered in the complex context of an episode, the HC complex is necessary to support the acquisition 

of semantic and episodic memories. Relatively context-free (semantic) memories may depend on 

the HC complex for a short period, in which they are extracted from the relational context they were 

embedded in, presumably by frequent re-activations. The fact that some semantic memories can be 

acquired without the HC may indicate the capability of other structures of the HC complex to sup-

port the acquisition of context-free semantic memories. Context-dependent (episodic or episodic-

like) memories, on the other hand, stay generally dependent on the HC complex. Episodic memo-

ries might gain independence from those structures by frequent re-activation, after that they are only 

tied by associative context, which should reflect in their qualitative characteristics. In the following 

chapter it will be shown, how this account of semantic and episodic memories could reconcile the 

SM with the MTT. 

 

4.3 Predictive Value of the Theories and Future Perspectives 

 

Both theories of memory consolidation set out to explain the pattern of retrograde memory 

loss observed in amnesic patients, and both theories successfully do so to a certain degree, while 

each cannot account for all evidence. While the SM has problems to account for extensive (or life-

long) gradients, it can very well explain quantitative and qualitative normal remote memory. The 

                                                
15 A cue would correspond to an element of the memory, bound into a trace and used to access the other elements of the 

trace. While some tasks are solvable by a simple association between elements of a trace, other tasks may depent on the 

ability to re-instanciate a complex relations between elements of a memory trace. 
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MTT, on the other hand, can account for extensive (and lifelong) gradients, but is contradicted by 

quantitatively and qualitatively normal remote memories. Both theories are able to deal with differ-

ential extents of RA for different kinds of memories, but have problems to do so for disproportion-

ate anterograde deficits. However, due to the rough and descriptive nature of the consolidation theo-

ries, without clear reference to underlying neurobiological processes, and due to the rough defini-

tion of semantic and episodic memory, both theories can be reconciled with most of the available 

data from amnesic patients. 

The most concise difference between both theories is the role of the hippocampal system in 

maintaining contextual relations. The SM assumes that neocortical structures exhibit the capacity to 

support complex relations among elements of memories, thus to maintain episodic, or equally con-

text-bound memories. The MTT is questioning this capacity, and proposes the necessity of the hip-

pocampal system to maintain complex relations. 

Progress in this issue can be achieved in two ways. Firstly, by clarifying if there are differ-

ences of remote episodic memories between normal subjects and amnesic patients that suffer tem-

porally graded RA, after damage to the hippocampal memory system. Standard tests may not be 

sensitive enough to reveal those differences. The development and administration of refined meas-

urements, assessing qualitative characteristics of memories, are a first step to resolve this issue 

(Moscovitch et al., 1999).  

Secondly, a confirmation of lifelong loss, ungraded RA, of contextually complex memories 

in the case of circumscribed damage to the HC complex would be decisive evidence for the impor-

tance of the HC for this kind of memory. Until now the only way to definitely exclude additional 

damage, or “hidden pathology”, outside critical structure are post-mortem neuropathological ex-

aminations (Rempel-Clower et al., 1996). The refinement of structural imaging methods, combined 

with the use of functional imaging of amnesic patients, will be helpful to exclude additional, or 

“hidden” damage outside the critical areas, which is by now used as ad-hoc explanation of the SM 

to explain away lifelong memory loss resulting from HC complex damage (Cipolotti et al., 2001). 

Additionally, functional imaging can be used to establish the functional properties of remaining tis-

sue in the medial temporal lobes (Maguire, 2001), which will help to overcome an “all-or-none” 

view of the contribution of damaged structures to memory performance. 

Similarly, the field of functional neuroimaging is promising to give new insights into the 

structures supporting the retrieval of remote memories in healthy subjects. However, also in this 

field some studies support the temporally-limited dependency of episodic memories on the HC 

complex (Piefke et al., 2003), whereas others showed the involvement of those structures for remote 
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memories (Ryan et al., 2001; see Maguire, 2001 for a review of studies and a discussion on meth-

odological issues). 

Another possibility to investigate the dependency of remote memories on the HC complex 

are patients suffering semantic dementia (Graham et al., 2000). As semantic dementia is mainly 

sparing the HC complex, while (left) lateral temporal cortices are degenerating, it can be considered 

as the complementary deficit to amnesia caused by medial temporal lobe damage. By now the evi-

dence from this relatively young field of research is equivocal, but future studies, for example on 

the influence of personal relevance of items on retrieval performance (Westmacott et al., 2001), 

may provide important clues for the consolidation debate. 

On the other hand one might in general have doubts about the comparability of recent con-

text-rich memories with remote context-rich memories, regarding quality. Both theories mention 

forgetting together with whole traces (representing one memory), but make no explicit statements 

about a possible loss in the quality (e.g. the complexity) of traces. Regarding the MTT, relatively 

few re-activations can leave details susceptible, not only to brain damage, but also to the effects of 

time. Similarly the SM accepts the possibility of forgetting or qualitative change of remote memo-

ries (Meeter et al., 2004). Thus, time may deprive remote (context-rich) memories of details.  

An alternative view of RA explained the disproportional impairment of episodic memories 

in terms of a retrieval deficit (Cermak, 1984 in Meeter et al., 2004). A “semantization” of episodic 

memories with time is held to make remote episodic memories retrievable, while recent episodic 

memories are irretrievable. This theory assumes a qualitative difference of remote, compared to re-

cent memories. Cermak (1984) describes spared remote autobiographical memories as “personal 

folklore”, similar to overlearned semantics and different to the vivid and multifaceted re-experience 

of recent episodic memories. However, a pure retrieval deficit of episodic memories in amnesia is 

unlikely, as also semantic memories are implicated in the syndrome. If the concepts of semantic and 

episodic memory are operationalized as by Rosenbaum et al. (2001) proposed, the pattern of RA 

could be expressed in terms of context changes. While context-dependent (relational context) 

memories are dependent on the hippocampal system, context-free (associative context) memories 

can be supported by neocortical structures. “Semantization” would be the loss of dependency on re-

lational context. Thereafter, retrieval would rely on simple associative context. This could be as-

sumed for both kinds of memories, episodic and semantic, though semantic memories are depend-

ent on the HC complex for a shorter period, as they are relatively context-free from beginning, and 

more probable to be frequently re-activated. 

A shaping of “semantization” in terms of context changes, as proposed by Rosenbaum et al. 

(2001) would make the theory very similar to the MTT, though the latter is assuming a (trace) stor-
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age function of the hippocampal system, rather than a pure retrieval function. The notion of the HC 

complex as the only structure supporting truly episodic memories would be perfectly compatible 

with this view. On the other hand, the integration of episodic, or context-rich, memories into neo-

cortical structures could also cause a change of context quality, which would be compatible with the 

SM. The qualitative characteristics of recent and remote memories can be assessed by sensitive 

measures in normal subjects (Moscovitch et al., 1999). If there are differences between the quality 

of recent and remote memories, namely a loss of contextual richness (relational context), it will be 

difficult to differentiate between the two theories of consolidation.  

There is a great variability between memories and methods of memory assessment. Neuro-

psychology is dependent on retrospective studies, which are influenced by encoding variables (nov-

elty, predictability and distinctiveness of an event, number and type of sensory modalities involved, 

cognitive and emotional significance, exposure duration, and repetition profile), which can hardly 

be controlled, and retention variables (“study”-test interval, sensitivity of testing measures, strate-

gies used to perform a test, response modality, motivation, attention), which make the comparability 

of studies difficult (Kapur, 1999). More variability results from studying amnesic patients. Kapur 

(1999) refers to this as lesion variables (site, pathology, severity, acuteness of onset, additional pa-

thology, plasticity). 

The combined efforts of (retrospective) neuropsychological research and prospective animal 

studies may clarify the nature of the contribution of the HC complex to memory. In this sense, an 

operationalization of semantic and episodic memory should be particularly helpful, to compare 

studies of remote memory over different species. Though there are neuroanatomical differences, 

and a certain difficulty to establish a declarative/non-declarative difference in animals (Tulving & 

Markowitsch, 1995), contextual differences could explain patterns of amnesia that are observed in 

animal studies (Rosenbaum et al., 2001).  
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5. Conclusion 
 

This paper showed that retrograde memory performance can be extensively impaired after 

damage to the HC complex occurred, indicating an extremely long lasting process of consolidation. 

Semantic memories are relatively spared, the observed deficits are generally less extensive com-

pared to episodic memories, which suggests a faster consolidation of semantic memories. Evidence 

from studies of AA and RA indicate that the complexity and the frequency of reencountering, or re-

activation, are factors determining the time a memory is dependent on the HC complex. Episodic 

memories, assumed to posses the most complex memory traces, are thus consolidated over at least 

four decades. Semantic memories, which are similarly dependent on the HC complex, but assumed 

to be less complex and more frequently re-activated than episodic memories, are integrated into 

neocortical storage sites in a shorter time. 

The aim of this paper was to evaluate the theories of consolidation, the SM and the MTT, by 

their capability to explain the observed pattern of retrograde memory loss in amnesic patients. Both 

theories, the SM and the MTT, cannot account adequately for the observed patterns. The SM in its 

original version was created to explain retrograde deficits over a few years, and did not differ be-

tween semantic and episodic memories. However, it is capable of explaining the difference between 

semantic and episodic memory impairment by assuming quantitative differences between both do-

mains in the complexity of memory traces and frequency of re-activation. To account for the obser-

vations of extensive memory loss over 4 decades it has to abandon the interpretation of consolida-

tion as an mechanism of adaptation, and is thus in the need for a new explanation of the phenome-

non. 

The MTT is claiming that RA is disproportionately impairing episodic memories, as those 

are not consolidated in the way semantic memories are, but strengthened by a process of trace mul-

tiplication within the HC complex. Studies of remote memory in the episodic domain have shown 

the susceptibility of very remote memories to amnesia, but those patients virtually always showed 

additional damage outside the critical regions. Similarly, an implication of apparently spared remote 

memories in amnesia could not be shown reliably by examining their qualitative characteristics. 

Furthermore, it is stated by the MTT, that the acquisition and representation of general semantics is 

independent from the HC complex, which was proven wrong in studies of AA and RA. On the other 

hand, if the susceptibility of remote memories to amnesia can be shown in patients with circum-

scribed damage to the HC complex, the MTT would predict the effects of amnesia more accurately 

than does the SM.  

However, there may be differences between recent and remote episodic memories in normal 

subjects, and more studies are needed to investigate this issue. If a loss of an episodic quality for 
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remote memories in normal subjects can be shown, both theories would become indistinguishable in 

their current form. The SM would be adequate, as remote episodic memories are independent from 

the HC complex, while the MTT would also be adequate, as memories with truly episodic quality, 

exhibited by recent episodic memories, are dependent on the HC complex.  

Therefore, a definite conclusion about the adequacy of the SM and the MTT to explain the 

effects of amnesia on remote memories can only be drawn, when more evidence about qualitative 

changes in episodic memories with time is available. A framework that describes the underlying 

characteristics of HC complex-based and neocortex-based representations in terms of relational 

contexts and associative contexts respectively, could prove useful in the investigation of the quality 

of recent and remote memories. 
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Table of Abbreviations 
 

AA   – anterograde amnesia 

EC   – entorhinaler cortex 

ECS   – electroconvulsive stimulation 

ECT   – electroconvulsive therapy 

HC   – hippocampus 

HC complex  – hippocampal complex 

MTT  – Multiple Trace Theory 

PHC   – parahippocampal cortex 

PRH   – perirhinal cortex 

RA   – retrograde amnesia 

SM   – Standard Model of Memory Consolidation 
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