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Abstract

The relevance of the corpus callosum as the major pathway connecting the right and left hemispheres was identified as long ago as the latter decades of the 19th century. The importance of this connection became particularly clear after the identification of lateralized functions in the hemispheres, and especially of the language and praxic left lateralization. For decades observations on focal brain injury patients have supplied important data which have supported descriptions of the nature of inter-hemispheric connections and interactions. The paper opens with a review of  the classic neuropsychological disorders that have been explained by a callosal disconnection between hemispheres. The deficit arising from a splenial interruption of the corpus callosum are described in greater detail. Special attention is given to the cognitive models of object naming and of reading aloud and their implications for the interpretation of optic aphasia and pure alexia. A final purpose of the paper is to discuss the relevance of focal injuries of the callosal pathways to describe the right hemisphere lexical and semantic linguistic capacity. It is suggested that the variable pattern of optic aphasia, associative visual agnosia and pure alexia may be explained by a different amount of verbal and/or semantic knowledge in the right hemisphere.

Early neuropsychological observations

In 1889 Carl Samuel Freund described a patient with right homonymous hemianopia who could not name objects from sight but retained ability to identify them. Freund labeled this impairment optic aphasia (OA) and explained the deficit on the basis of a left parieto-occipital lesion producing right side hemianopia, and a splenial disconnection of the intact right occipital visual areas from the left hemisphere (LH) speech areas (see Figure 22.1).

-------------------------

Figure 22.1 here (Freund’s diagram)

-------------------------

A few years later, Joseph-Jules Déjerine (1892) described the case of a patient with a pure reading disorder that he called verbal blindness. The reading disorder was due to a lesion of the left occipital lobe and of the callosal fibers connecting the visual areas of the right hemisphere (RH) to those of the LH and to the language areas (see Figure 22.2). 

------------------------------------

Figure 22.2 (Déjerine’s diagram)

------------------------------------

The relation between ideomotor apraxia  and the corpus callosum was first identified by Hugo Liepmann (1900, 1905), who described and modeled the LH lateralization of higher level motor functions.  A LH lesion along Liepmann’s pathway causes ideomotor apraxia, a disorder of the complex voluntary motor behavior which manifests not only on the right hand, but also on the left. It implies that the RH control of the left hand movements is subordinated to a motor program controlled by the LH.

Dependence of the left hand eupraxic movement on the LH through the anterior part of the corpus callosum was first suggested and then demonstrated by Liepmann in a series of papers published from 1900 to 1920. According to his model, a lesion of the anterior callosal pathways determines an apraxic deficit for the left hand only (see Figure 22.3). Liepmann and Maas (1907) made a similar observation in a right-handed patient who also suffered from left hand agraphia.  The deficit could not be explained as being due to constructive apraxia, because the patient did not show any impairment in copying complex drawings or printed words with his left hand. Furthermore, it could not be explained as a classic dysgraphic disorder because spontaneous writing with the right hand was preserved and he had no deficit in oral spelling of words.

------------------------------------

Figure 22.3 (Liepmann’s model)

------------------------------------

A further typical symptom of callosal disconnection is left hand tactile anomia. It usually follows a lesion of the medial area of the corpus callosum. Geschwind and Kaplan (1962) described in detail a patient suffering from this deficit who could not name simple objects by tactile manipulation and produced rough semantic substitutions and circumlocutions. however, the patient could identify the objects he could not name after tactile manipulation since the left hand spontaneously performed the actions appropriate to the objects. Left hand tactile anomia should therefore be distinguished from astereognosic tactile agnosia. 
Optic aphasia

A visuo-verbal disconnection (Freund 1889) has not always been accepted as an explanation of OA. Freud (1891), Wolff (1904), Goldstein (1906) and Kleist (1934) maintained, for instance, that the disorder underlying OA was not distinguishable from visual agnosia (Lissauer, 1890) or anomia. Many decades later, Norman Geschwind (1965) interpreted visual agnosia itself in terms of visuo-verbal disconnection, claiming that most cases of visual agnosia had to be reinterpreted as a "confabulatory visual anomia interfering with otherwise intact gnostic capacities" (Geschwind and Fusillo, 1966).

More recently, other authors described patients with behavioral characteristics similar to those first described by Freund, but in an information processing frame. Figure 22.4 shows a contemporary model for object identification and naming. According to Marr’s (1980) theory, after a low level processing stage, the image of an object undergoes a further level of analysis to transform the actually perceived pattern into an abstract representation that is independent of the viewer’s perspective. This episodic object-centered structural description of the perceived object is then matched with the stored object-centered structural representation of the objects an individual has experienced in his/her past. This matching permits recognition of the object, after which, all visual and associative semantic information are activated, and the appropriate lexical representation is retrieved henceforth from the phonological output lexicon.

Following this schematic processing model, the different explanations of the cognitive mechanisms underlying OA will be briefly discussed (for a more extensive analysis of these different explanations, see Luzzatti, Rumiati and Ghirardi, 1998). 

-------------------------------------

Figure 22.4: model describing the processing 

for object identification and naming

-------------------------------------
OA as a disconnection between visual and verbal semantic systems (Lhermitte and Beauvois, 1973; Beauvois, 1982; Shallice, 1988). 

The authors explained OA in the frame of the multiple semantic systems theory (see Shallice 1988), suggesting that symptoms are the outcome of damage to the interaction between a modality-specific visual and a verbal semantic system.

OA as access visual agnosia (Riddoch and Humphreys, 1987). 

In this theory, the patients’ deficits are interpreted as an impairment in accessing complete semantic representations of objects from vision. A similar explanation was proposed more recently by Hillis and Caramazza (1995).
OA as a disruption of a non-semantic route for naming (Ratcliff and Newcombe, 1982). 

The authors suggested that OA is caused by damage to a route for naming which bypasses the semantic system and leads directly from the pictogen (i.e. the structural description of an object) to the phonological output lexicon. There is an obvious analogy with the explanation given for deep dyslexia by Schwartz, Saffran, and Marin (1980), i.e., damage to a direct lexical non-semantic route for reading (see page ...). However, if the connection from the pictogen to the semantic system and from the semantic system to the phonological output lexicon is spared, OA patients could use this indirect pathway when naming pictures. In order to account for the anomic behavior and to explain the large number of semantic errors, Ratcliff and Newcombe (1982) had to assume a further functional lesion that causes a fuzziness in mapping semantic onto phonological representations.

OA as a disconnection between right and left hemisphere semantics (Coslett and Saffran, 1989b; 1992). 

This account updates Freund's original theory of OA as a visuo-verbal disconnection within an information processing frame. Due to the left occipital lesion and the splenial disconnection, all visual and identification processing is accomplished in the RH and the resulting flow of information cannot reach the LH semantic and LH lexical representations. The merit of Coslett and Saffran's theory is that they mapped a model of object recognition and naming and their account of OA to neuroanatomy. However, the explanation they offer lacks detail regarding the concept of “right and left hemisphere semantics”. 

In order to support the claim that OA can only be explained by a theory that takes into account both a detailed cognitive model and its anatomical constraints - especially the effect of a callosal disconnection -, Luzzatti et al. (1998) studied a patient showing the typical OA deficit pattern in confrontation naming. The study also aimed at demonstrating that the best cognitive model to match the concept of right and left hemisphere semantics is the multiple semantic systems theory (Shallice, 1988). This model offers the best explanation for a left/right semantic difference, when one considers that visual semantics as well as the other sensory semantic systems are represented symmetrically in the two hemispheres, whereas verbal semantics is predominantly located in the LH.

The patient, A.B., was a 74-year-old Italian housewife with 5 years of education. In August 1993 she suffered a CVA in the territory of the left posterior cerebral artery, determining a malacic lesion of the left occipital inferior and mesial cortex and of the underlying white matter (see Figure 22.5). Her major impairments were a complete right hemianopia, a severe naming deficit on visual presentation and full alexia.
--------------------------------------

Figure 22.5a & b about here

CT-scan + lateral template

-------------------------------------

In order to better understand the nature of her naming deficit AB was tested by means of a set of tasks tapping the retrieval of object names and the different processing levels represented in Figure 22.4.  The results are summarized in Table 22.1.

Naming. Her ability to name objects from tactile exploration (23/30, 77%) was significantly better than naming them from visual presentation (7/30, 23%) [(1)=17.067; p<.0001]. Naming to definition was at ceiling for concrete objects and actions (30/30, 100%) and still within the normal range for abstract concepts (25/30, 83%). A.B. was asked to name drawings of 44 natural and 59 artificial objects from Snodgrass and Vanderwart's norms (1980): she was able to name only 21% of the drawings, without significant difference between natural (16%) and artificial (25%) items. Overall, A.B. showed a selective impairment of visually presented objects, suggesting that her naming disorder was not due to a lexical access deficit or to a loss of knowledge within a unitary semantic system. If A.B.’s naming deficits had been located on either of these processing levels, her naming performance should have been affected equally for all input modalities. The majority of errors were circumlocutions (42%) and perseverations (22%) and she made only one visual and a few (7%) semantic errors. This pattern of disruption is hardly compatible with the explanation of OA as an access visual agnosia (Riddoch and Humphreys, 1987) which would require a prevalence of visual and visual-semantic errors.

Early visual processing. A.B.'s ability to produce an on-line representation of visual stimuli was in the normal range, both on a figure-ground discrimination task (Poppelreuter-Ghent) and on the copying of geometric line drawings.

Access to the structural description system. The integrity of the structural description system was demonstrated by a normal performance (34/34) on an object decision task (i.e. the patient had to decide whether an object depicted by a line drawing is real) and by an almost normal ability to draw from memory.

Spoken word-to-picture matching. A.B. was asked to point to the picture corresponding to the item spoken aloud by the examiner within a matrix of six-to-eight line drawings taken from the same category as the target picture. She performed this task without any error or hesitation (109/109), showing a normal access to structural representations of objects from their names.

Access to Semantics. A.B.'s performance on an associative matching task with pictures  (Pyramids and Palm Tree Test) was severely impaired (17/30, 57%) and the score she achieved was below that obtained by a sample of global aphasic patients (22.9±5.4), while her performance on a spoken version of the task was unimpaired (27/30, 90%). Finally, A.B.’s ability to sort pictures of objects into categories  derived a significant benefit from lexical cueing: when given the names of the categories to which the objects belonged, she was able to sort pictures (96/106, 91%), whereas she hesitated and made significantly more mistakes (78/106, 74%) when the names of the categories were not given and had to be gained from the inspection of the pictures themselves. Overall, these results could support an explanation of OA as an access deficit of semantic knowledge from visual input. This explanation (Riddoch and Humphreys, 1987; Hillis and Caramazza, 1995), however, does not account for the isolated involvement of categorical/associative knowledge and for the results on the sorting task which differ according to the presence or absence of lexical cueing. This difference can only be explained by assuming that A.B.'s performance deteriorates when a task requires the retrieval of associative and categorical knowledge which is basically lexical in nature (Luzzatti et al., 1998).

Word and letter naming. A.B. was not able to read either words or nonword aloud (0/86 and 0/28, respectively), nor she was able to match written words to pictures. Naming of isolated letters was also severely impaired and she could read only 17/48 letters (35.5%). Her performance on a letter name-to-letter matching task was relatively less impaired (33/48 letters, 69%) than her letter naming.  

Apraxia. It is said that OA patients tend to compensate for their confrontation naming deficit by demonstrating the use of objects they are not able to name. This dissociation, however, does not seem to be the rule, because A.B. showed a severe deficit in imitating gestures (37/72; De Renzi, Motti and Nichelli, 1980) and a mild impairment in demonstrating the use of objects and tools (11/14; De Renzi, Pieczuro and Vignolo, 1968). Thus, the lesion which disconnected the RH visual centers from the left hemisphere language areas must also have disconnected the visual centers from the LH parietal ideatory and ideomotor representations.
------------------------------

Table 22.1 about here

------------------------------

In conclusion, A.B., presented typical OA features, i.e., a modality specific visual naming deficit with fair tactile naming and spared naming from definitions. Her visual naming deficit was not due to an early recognition problem, since A.B. was able to discriminate shapes adequately. She was also able to gain an episodic structural description of objects and to access stored structural knowledge of objects from both visual and verbal stimuli. Her good performance on the word-to-picture matching task is not consistent with those of other OA patients (e.g. Beauvois, 1982; Riddoch and Humphreys, 1987) who presented bi-directional damage from visual-to-verbal and from verbal-to-visual representations. The best explanation of A.B.’s deficit on the picture-to-picture matching task and when sorting pictures into categories without lexical cueing may be found in the framework of the multiple semantic systems theory (Shallice, 1988). A.B. was able to access her visual semantic knowledge without difficulty, but this did not hold true for the verbal categorical and associative knowledge that is also required in a "purely" visual task such as the Pyramid and Palm Tree Test. However, the multiple semantic theory does not explain in detail the pathogenesis of the OA symptomatology. A more explicit anatomo-functional interpretation is offered by the account of OA as a disconnection between right- and left-hemisphere semantics (Coslett and Saffran, 1989b). This theory, however, in turn lacks detail regarding the functional and cognitive difference between right- and left-hemisphere semantics. Thus, it is only after integration of this concept into the more detailed cognitive model of a disconnection between visual and verbal semantics that the theory assumes its full heuristic capacity, providing the best theoretical framework for the explanation of A.B.’s performance.

--------------------------------

Figure 22.6 about here 

[flowchart describing different RH & LH abilities]

---------------------------------

The diagram represented in Figure 22.6 summarizes the processing units that are available in each hemisphere and shows which units are damaged in A.B. The major difference between the right and left hemispheres concerns the orthographic and phonological output lexicons and the sub-word-level conversion routines that are usually represented in the LH only. The organization of the phonological and orthographic input lexicons and of the semantic knowledge is also asymmetrical: compared to the full lexical and associative/ categorical semantic representation of the LH, the RH has a more coarse representation for concrete, morphologically simple words only. Due to the left occipital and callosal damage, visual analysis and access to visual semantic knowledge can only be achieved by the RH. However, the RH representations cannot access full verbal semantic, categorical associative and lexical representation. This also explains A.B.’s ideomotor and ideatory apraxia from visual stimuli.

Functional and neuroanatomical interaction of optic aphasia and associative visual agnosia

Classic neuropsychology made a clear distinction between the concept of OA and that of associative visual agnosia (VA), stating that OA is a lexical deficit, whereas VA is a disorder of object identification. However, this distinction has not been universally accepted (Freud, 1891; Wolff, 1904; Goldstein, 1906; Geschwind, 1965; Riddoch & Humphreys, 1987; Hillis & Caramazza, 1995), and even if it were accepted in principle, it is not always easy to make a clear-cut distinction between the disorders as (i) it is often difficult to prove or exclude the identification of objects; (ii) some cases show intermediate patterns, or shift from one condition to the other; (iii) except for a few cases where VA was caused by a bilateral lesion of both visual integrative areas, OA and VA cases usually share a very similar underlying brain lesion, i.e., a left occipital lesion associated with a disconnection of the occipital callosal pathways. 

An interpretation of this interaction has been given by Schnider, Benson and Scharre (1994). They discussed the case of a 71-year-old right handed man suffering from a relatively pure visual recognition and/or naming disorder, caused by a left occipital and posterior temporal lobe infarct. No impairment emerged in naming from verbal description and when the use of a tool was demonstrated by the examiner, but the patient was not able to name a visually presented object or make the appropriate pantomime. Errors were predominantly confabulations and perseverations. It was possible to suppress confabulations by providing the patient with a name for the object which could be correct or false. The patient only had to answer yes or no, which he always did correctly. “Under this condition the patient pantomimed each tool’s use. Thus, this simple manoeuver temporarily changed the disorder from visual agnosia to optic aphasia.”In fact, after each correct pantomime the patient was also able to name the target object, apparently on the basis of the kinaesthetic feedback from performing the pantomime. It is therefore not clear whether the manoeuver actually did “change the disorder temporarily to OA”, or whether it revealed the real disorder of the patient, i.e. a visuo-verbal disconnection due to the left mesial occipital lesion. To answer the question of which anatomical substrate would allow the transition of VA to OA, the authors compared the CT and MRI scans of the principal cases suffering from VA and OA, concluding that: “Both groups show inferior temporo-occipital lesions. The splenium, however, is involved only in patients who could (...) demonstrate the use of visually presented objects and who had no difficulty using objects, i.e., optic aphasics”. 

However, from an inspection of the lesion templates collected by the authors, this contraposition is not fully convincing, as the lesions shown by the two groups of patients are almost identical. Furthermore, the data presented by Schnider et al. (1994) are more likely to support the hypothesis that their patient was actually able to identify the visually presented objects. However, as is often the case, the disconnection syndrome prevented him from clearly demonstrating his ability to identify the visual stimuli. Thus, the performance obtained after suppression of the confabulations is open to another interpretation: instead of showing a “temporary change of the deficit”, it is evidence of the true underlying cognitive capacity, presently altered by the visuo-verbal disconnection.

In conclusion, it is true that the distinction between associative VA and OA may in some cases be vague and in others almost impossible to discern; however, the difference between these symptomatologies should not be interpreted on the basis of the more or less extensive damage of the callosal pathways, but rather on the basis of a variability in the right hemisphere verbal semantic representation subjects had before the onset of cerebral damage (De Renzi e Saetti, 1997; Luzzatti et al., 1998). Hence, a left occipital lesion that is associated with a posterior callosal disconnection will determine different patterns of symptoms, interspersed as a continuum ranging through VA to OA, color anomia or alexia, in relation to the more or less extensive verbal and visual semantic representation in the RH.

Acquired dyslexia following left hemisphere lesions

Pure alexia and Déjerine's classical model of written language

In 1891 and 1892 Joseph-Jules Déjerine described two patients with reading disorders in absence of any other major verbal deficits. The reading disorders of the first case were associated with a writing deficit (cécité verbale avec agraphie, i.e., verbal blindness with agraphia) following a left angular gyrus infarction. The reading deficit of the second patient was pure and followed an infarction of the mesial and inferior surface of the left occipital lobe extending to the retroventricular white matter and a portion of the callosal splenium. On the basis of his observations Déjerine suggested that the left angular gyrus is the site of the verbal optic images which are critical for normal recognition of letters and words, and for normal spelling ability.  According to Déjerine the right hemisphere is word-blind, therefore the visual images of letters and words have to reach the left hemisphere angular gyrus to be identified. As a consequence of the left occipital lesion, however, visual representations cannot reach the left angular gyrus and the remaining language areas. The flowchart of Figure 22.7 is an adaptation of Déjerine’s model (Figure 22.2) to a contemporary cognitive flowchart.
-------------------------------------------------------------

Figure 22.7:  Déjerine’s model transformed in a flowchart

-------------------------------------------------------------

Visual recognition of letters and words requires the interaction of the occipital visual centers  with the center  of visual memory of letters and words  which is located in the left angular gyrus. Comprehension of written words requires the connection of the center of visual memory of letters and words to the center of auditory memory of words (Wernicke’s area), whereas reading aloud requires the association of the center of visual memory of letters and words to the motor center of word articulation (Broca’s area).  Writing to dictation requires the activation of the auditory center of words and its association to the center of visual memory of letters and words and thus the activation of the corresponding graphic patterns from the hand motor center.
According to Déjerine, alexia with agraphia  follows damage of the left angular gyrus which is the image store of written words. Pure alexia, on the other hand, is due to damage of the LH visual areas and a disconnection of the RH visual areas from the preserved word images stored in the left angular gyrus.

Cognitive models of written language

The interpretation of reading disorders given by classic aphasiology could not explain some qualitative aspects of dyslexic behavior, as, for instance, semantic substitutions, visual errors, or morphological errors. Furthermore, reading tasks did not take into account certain relevant orthographic and psycholinguistic aspects, such as orthographic regularity, length of stimuli, word frequency, imageability, part of speech effect, and the performance with non-lexical stimuli. 

On the basis of these observations Marshall & Newcombe (1966, 1973) suggested and demonstrated the need for two distinct reading pathways.  During the following years, their model was progressively developed in order to account more accurately for the processing of written language.  Figure 22.8 shows an updated version of the model proposed by Morton and Patterson in 1980.

----------------------------

Figure 22.8 about here:

model for reading aloud

----------------------------

Contemporary reading models have two main differences compared with Déjerine’s model. First, the visual representation of letters and words, identified by Déjerine in the left angular gyrus, has been substituted with two separate and independent orthographic representations for reading and writing (orthographic input and output lexicons). Second, written material may be processed along two distinct pathways: on one side, there is a lexical routine for regular or irregular words, the orthography of which has been learned previously; on the other side, there is a sub-word-level conversion routine that is used both for regular words, of which the orthography is unknown to the subject, and for regular non-lexical orthographic strings (nonwords): the Grapheme-to-Phoneme Conversion (GPC) and the Phoneme-to-Grapheme Conversion (PGC) routine, respectively. 

Regular words may be read along both the lexical and the sub-word-level routine, whereas irregular words may be read along the lexical routine only. Irregular words usually contain letter strings that may correspond to different phonological realizations. For instance, the orthographic string EA may be read [i:] in the word VEAL, [e] in the word HEAD, [´] in the word Bear, [a:] in the word Heart, or [ei] in the word STEAK. Other words have a full irregular transcription as in the case of YACHT [jøt] and PINT [paint].

Multiple-routine reading and writing models have been confirmed by observations of neuropsychological patients with specific written language deficits. On the one hand, there are patients who, after a lesion of the lexical route, are still able to read regular words and nonwords along the GPC routine, but are unable to read irregular words. They make regularization errors, for example the word PINT may be read as *[pint] instead of [paint]. This reading disorder is called surface dyslexia. On the other hand, there are patients who, after a functional lesion of the GPC routine, are still able to read overlearned words but are unable to read simple legal meaningless orthographic strings (nonwords) like *Toof [tu:f] or *Blick [blik]. This reading deficit is called phonological dyslexia.
A further type of reading disorder has been described by Schwartz et al. (1980) in a patient who was able to read irregular words aloud, the meaning of which she did not understand. This pattern of deficits was called direct dyslexia and suggested the division of the lexical route into two distinct subroutines: a direct lexical and a lexical-semantic one. The authors explained the patient’s reading behavior as a breakdown of semantic knowledge where the direct lexical routine is spared.
Finally, there is a peculiar reading disorder called letter-by-letter (LBL) dyslexia (Alajouanine, Lhermitte and Deribaucourt-Ducarne, 1960; Kinsbourne and Warrington, 1962; Benson and Geschwind, 1969; Hecaen and Kremin, 1976; Patterson and Kay, 1982). LBL dyslexia is, in its pure form, a peripheral reading disorder in which a written word cannot be processed either by the lexical or by the sub-word-level routine. However, the patient is still able to name the single letters of the string. If letter naming is spared, the patient may be able to retrieve the phonological representation of written words using an inverse spelling procedure based on his/her preserved orthographic ability. This procedure, however, is very slow and laborious, with a clear length effect, and no frequency, imageability or part of speech effects.

Different explanations of LBL reading have been given over the last decades. They range from a perceptual account such as simultanagnosia (Kinsbourne & Warrington, 1962) to an early orthographic processing deficit (Warrington & Shallice, 1980; Patterson & Kay, 1982).
The case of Deep Dyslexia and the role of the Right Hemisphere.

There is a peculiar variation of phonological dyslexia where semantically but non phonologically related responses may occur (semantic paralexia). A patient sees the word HOUND and reads [døg], or misreads WOOD as [tri:].This abnormal reading behavior is called deep dyslexia (Coltheart, Patterson and Marshall, 1980).  Semantic errors in reading aloud suggest that deep dyslexic patients attempt to read via the semantic system, which however is damaged. Patients are often able to identify words in a lexical decision task, and this suggests that the orthographic input lexicon is still unimpaired but is disconnected from the phonological output lexicon. The inability to read nonwords also suggests an impairment of the orthographic-to-phonological conversion. Indeed, damage to both the sub-word-level and the direct lexical routines appears to be a necessary condition for semantic errors to occur. Furthermore, letter naming is severely impaired, thus ruling out a LBL reading strategy. The patients also show an imageability effect (concrete nouns are better read than abstract) and part of speech effect (nouns are better read than verbs and function words).

In alternative to an information processing explanation of deep dyslexia, Coltheart (1980; 1983) suggested that this pattern of symptoms may be the consequence of severe damage to the LH reading processes and that the residual reading abilities are the expression of the patient’s RH. This explanation is obviously in contrast with the claim of a full verbal blindness of the RH and of its complete lack of lexical-semantic capacity.

Evidence in support of a RH representation of written language arises from Schweiger, Zaidel, Field & Dobkin’s (1989) study of a deep dyslexic patient.  R.W. was a 38-year-old right-handed woman, who suffered a large LH infarct extending anteriorly into the posterior-inferior frontal lobe and posteriorly to the superior part of the temporal lobe and the parietal lobe. At the time of the first testing session (a few months after disease onset), the patient presented a moderate Broca's aphasia with mild agrammatism, a right hemiplegia, but no visual field defect. Her reading disorder corresponded to the pattern of a deep dyslexia, with no PGC ability (nonwords = 0%), many semantic errors in reading words, dramatic part of speech and imageability effect (concrete nouns = 47%; adjectives = 36%; verbs = 35%; abstract nouns = 26%; function words = 16%). This profile is similar to that of the disconnected RH of split brain patients.  The only difference is that since the RH of commissurotomized patients has no control over speech and has no access to the speech mechanisms in the LH, these patients do not produce semantic errors in reading aloud; semantic errors arise, however, in reading comprehension tasks (Zaidel, 1982).

R.W.’s reading abilities were first tested by means of a lexical decision task (go if stimulus is a word). A set of words and nonwords were flashed for 150 msec either in the right or in the left visual field. R.W. showed almost equal accuracy for the left and right visual fields (>80%). However, the reaction time for presentation in the left visual field (1000 msec) was significantly shorter compared to that for the right visual field presentation (1400 msec). The difference could not be accounted for by a shorter anatomical route (RH-to-left hand path as compared to the LH-to-RH-to-left hand path) because a similar difference could not be found in a letter counting task (go if stimulus contains more than four letters). An interhemispheric difference also emerged from word naming. A set of real, high frequency English nouns were flashed for 90 msec to either the right or left visual field. R.W. made almost three times as many semantic errors in the left visual field, whereas in the right visual field she could name a few more items but made more visual and derivational errors. 

These data support the claim that the RH has a rather diffuse or undifferentiated semantic representation, at least for imageable high frequency nouns. The results also provide evidence regarding the asymmetrical functional architecture of the dual route model for reading: the LH has full representation for the non-lexical as well as for the lexical-semantic routines, whereas the RH has only lexical orthographic input and semantic representation (at least for concrete high-frequency nouns). In deep dyslexic patients both the LH non-lexical and lexical route are impaired due to the left side lesion. The alternative RH lexical routine to semantics is spared, as well as the LH ability to retrieve the phonological address of a word. When lexical access fails in the LH, the RH provides semantic access which is then transmitted through the intact callosum to the LH for phonological encoding and production. But as the semantic address provided by the RH is diffuse and less constrained by phonology, the output often consists of semantic substitutions.

Further evidence in support of the RH hypothesis of deep dyslexia comes from a study on regional cerebral blood flow (rCBF) in a deep dyslexic patient during visual word recognition and spoken word production (Weekes, Coltheart and Gordon, 1997). For the deep dyslexic patient rCBF in the RH was greater than in the LH. No such difference was found on the same task in either a surface dyslexic patient or in two control subjects with no cerebral damage. Furthermore, the RH major activation could not simply be explained by the effect of the LH cerebral lesion, since the spoken word production task generated much greater activation in the LH than in the RH. 

Anomalous patterns in Pure Alexia and Letter-by-Letter reading.

Over the years, many investigators replicated Déjerine’s original observations, thus confirming the principle of a full RH linguistic blindness (e.g., Warrington and Shallice, 1980; Patterson and Kay, 1982). More recently, however, observations have been made on the cases of a number of patients with full damage to the left occipital visual areas, but who still showed capacities which appear to be inconsistent with the traditional account of pure alexia as a disconnection of the “word blind” left visual field (RH) from the LH language areas. However, it is also true that their residual reading capacities do not fit easily with the cognitive accounts of dyslexia. Many pure alexic patients are in fact able to read -- although slowly and sometimes laboriously -- by means of a LBL reading strategy. The critical features of LBL reading are, on the one hand, the linear increment in the time the patients need to read increasingly longer words, and, on the other, the deleterious effects of tachistoscopic presentation. In this condition, reading becomes impossible once the time of exposure becomes shorter than the time required for an effective LBL strategy. As we have already seen, LBL reading is a compensatory behavior for different types of visual processing disorders, and in particular for simultanagnosia (Kinsbourne and Warrington, 1962). Due to a primary perceptual deficit or to damage of the standard orthographic procedures, subjects process each single letter as a separate image, identify it, retrieve the letter name, and eventually retrieve the phonological representation of the target word by means of an inverse spelling strategy. However, this account of LBL reading is in contrast with the implicit reading capacity these patients often show while reading words, in spite of their dramatic deficit in identifying and reading aloud the same words. 

A first account of this dissociation was given by Landis, Regard & Serrat (1980). They described the case of a 39-year-old patient presenting dense hemianopia and pure alexia after resection of a left occipital brain tumor. Under tachistoscopic presentation the patient was not able to read any of the stimulus words, but was actually able to point to the corresponding objects among 10 alternatives displayed on a table in front of him. Shallice & Saffran (1986) described a similar patient whose letter naming was almost normal, whereas word naming was slow and laborious, with a clear length effect. Lexical decision under tachistoscopic presentation was significantly better than chance and the patient showed some comprehension of words he denied having either read or understood. For instance, on a map of Britain he could point to the correct location of geographic names he could not read. The authors compared this phenomenon to that observed in normal subjects after subliminal tachistoscopic presentation (Marcel, 1983), and to the blindsight phenomenon, i.e., a disorder observed in patients with dense hemianopia who are unable to identify any object in the hemianopic field, but who are nevertheless able to point to the location of an “unseen” object (e.g. Weiskrantz, 1983). Another proof of the RH lexical processing of written words is to be found in a study of a pure alexic patient (J.V.) and of his capacity to identify letters in real words and nonwords (Bub, Black and Howell, 1989). The patient, just like the normal subjects, still showed a word superiority effect (Reicher, 1969; Wheeler, 1970), i.e. he performed better on identifying letters in real words than on random letter strings. This result suggested that the patient’s RH visual areas were not verbal blind and were still able to activate stored lexical information.

A more extensive study on the RH reading ability was performed by Coslett and Saffran (1989a, 1994). They studied five patients with pure alexia and two patients in which alexia was associated to optic aphasia. The reading disorder of the five pure alexic patients showed the typical features of a LBL dyslexia: letter naming was spared and reading speed was a function of the word length (the patient J.G., for instance, read three-letter words in about 9”, four-letter words in 13”, five-letter words in 17” and six-letter words in 27” respectively). The reading performance of the two optic aphasic patients was, as usually, nil. In spite of the fact that their word naming was nil or slow and laborious, all patients showed a clear implicit reading capacity with the features already described for the RH lexical and semantic processing. Implicit reading could be demonstrated by means of a lexical decision and a semantic judgment task. In the lexical decision task, irrespective of their reading disorders, all seven patients were able to discriminate between simple words and plausible nonwords after tachistoscopic presentation (i.e., at an exposure time that was largely shorter than that required for an effective use of the LBL reading strategy). A similar pattern of performance resulted from the semantic judgment task: irrespective of their reading deficit, all patients were able to decide whether stimuli were names of animals, and in a second condition names of edible items. 

Another peculiar aspect of the LBL reading disorder that emerged in Coslett and Saffran's (1994) patients was a diminished ability to judge low frequency and/or low imageability words and morphologically complex items. Their performance on these items was in decided contrast to their good capacity for making lexical decisions on simple high frequency and highly imageable words. A poor performance pattern with free and bound grammatical morphemes and with less frequent and less imageable items is very similar to the pattern described for the RH processing in patients with (posterior) callosal disconnection (see for instance Michel, Henaff and Intrilligator, 1996).

In many patients pure alexia is a symptom that may remain unchanged for many years, or may modify into a less severe reading disorder. One of the cases described by Coslett and Saffran (1994) evolved over an 8 year follow-up period from LBL into a deep/phonological dyslexia, with imageability and part of speech effects (Buxbaum and Coslett, 1996), a pattern of impairment that has been already discussed as typical of the RH processing capacity of written language. This interpretation is patently supported by the fact that whereas LH transcranial magnetic stimulation did not modify the patient's reading ability, after RH stimulation the original LBL reading strategy reappeared and the patient's reading performance declined from 71% to 21% (Coslett and Mosul, 1994).  

Overall, the characteristics of implicit reading may be summarized as follows: (i) the patients do not access either the phonological output lexicon, or the GPC routine; (ii) although their LBL reading is null, or slow and laborious, patients access implicitly written word representations and meaning; (iii) this dissociation emerges when LBL reading is suppressed, as is the case with tachistoscopic presentations. Implicit reading is sensitive to imageability and word frequency, there is a poor processing of free and bound grammatical morphemes (function words and affixes), whereas performance is not susceptible to word length.

These results, however, are not consistent with the results obtained on some other dyslexic cases. Warrington and Shallice (1980) described a patient (R.A.V.) who could not make any lexical decisions or semantic judgments on words he could not read. Patterson and Kay (1982) examined four patients with pure alexia and LBL reading and did not find any compelling evidence that the patients were able to comprehend words that they could not explicitly identify. Patterson and Besner (1984) cited the absence of reading ability in a patient with pure alexia as compelling evidence against the right hemisphere reading hypothesis. Finally, Behrmann, Black and Bub (1990) described the case of a patient with almost pure LBL dyslexia (D.S.), who could name letters with normal accuracy and speed. Word naming, however, was very slow and laborious: the patient had to name letters sequentially, and could name words of four letters or more only by means of the inverse spelling strategy. The same laborious solution was used on a lexical decision and a semantic judgment task (sad words, animals, etc.), on which the patient showed a progressive increase in the reaction time for words of increasing length (from five seconds for three-letter words, to 9 and 14 seconds for five- and seven-letter words respectively, i.e. approximately two seconds per letter). Lexical decision and semantic judgments were at chance level when stimuli were presented tachistoscopically (three second exposure). Finally, using the methodology devised by Bub, Black and Howell (1989), the authors did not find any word superiority effect. Coslett and Saffran (1994) suggested that the inconsistency of these findings with their own results (i.e. presence of implicit RH reading) is the consequence of the different experimental paradigms used: authors who could not find implicit reading effects have presented the items with an over long exposure and did not hinder patients from LBL reading, a procedure that is a prerequisite for direct access to the RH lexical and lexical-semantic representations. 

The inconsistent pattern of symptoms following left occipital damage has also been justified by the difference in size of the underlying callosal lesions (Binder and Mohr, 1992). However, an anatomical correlative study on Coslett and Saffran's series did not agree with this account, since the sites of the lesions causing LBL reading disorders varied considerably, with different degree of impairment of the callosal pathway (Saffran and Coslett, 1998).

Alternatively, it should be considered that if covert processing depends upon the RH, and there are individual differences in the RH linguistic capacities, then this kind of variability across subjects was clearly to be expected (see Coltheart, 1998 for a more extensive discussion). A similar variability of performance emerged also from the written lexical decision and semantic judgments of commissurotomized patients (see Bayles and Eliassen, 1998 for a review). 

Different performances under unlimited and tachistoscopic exposure were also found in two Italian dyslexic patients we had the opportunity to test for their covert reading abilities. Both patients presented severe impairment in reading words and nonwords and performed lexical decision at chance level, but showed contrasting behavior on semantic judgment tasks. 

The first patient was a 48-year-old bank employee (P.V.) suffering from right hemianopia, mild fluent aphasia and alexia owing to a left temporo-parieto-occipital infarct. Word naming was slow and laborious with length effect and the remaining features of LBL reading. Writing was unimpaired. P.V.’s performance on an auditory and a visual lexical decision task is summarized in Table 22.2. Under the visual modality and with unlimited time exposure he accepted most of the concrete natural words, rejected most of the nonwords, but performed at chance with concrete artifacts, abstract words and function words. In the tachistoscopic condition he rejected most of the illegal nonwords but accepted most of the phonologically legal and pseudo-suffixed nonwords and improperly suffixed words. Overall, the patient varied the response pattern according to whether the presentation was free or tachistoscopic: he overgeneralized the no-decision with the unlimited exposure and the yes-decision in the tachistoscopic condition.  Table 22.2 also shows P.V.'s performance on a semantic decision task in which he had to judge if a stimulus was or not a coarse word. Under written tachistoscopic presentation the patient considered most of the neutral words as coarse words. Here too he seemed to follow a yes-solution, deciding in almost all cases for a coarse word. In conclusion, P.V. had little RH visual lexical processing and little, if any, implicit semantic processing. 

----------------------------

Table 22.2 about here (P.V.)

----------------------------

The second case was an 18-year-old patient (D.M.) suffering from right hemianopia and severe language disorder with the features of a mixed transcortical aphasia. A CT scan showed a left occipital infarct extending to the temporo-parietal regions. Letter naming was severely impaired (21/48). Table 22.3 shows her repetition and reading performance with words and nonwords and her performance on an auditory and visual lexical decision task. In the visual condition she was at chance level with function words, abstract nouns, legal nonwords, improperly suffixed words and suffixed nonwords, whereas she performed significantly better than chance with concrete nouns and illegal nonwords. Table 22.3 also shows her performance on two semantic judgment tasks under written tachistoscopic presentation: the patient was able to discriminate coarse from neutral words and to distinguish edible from non-edible items.  Overall, in the lexical decision task D.M. showed a clear part of speech and imageability effect with words, but performed almost randomly with nonwords. Her semantic judgments, on the contrary, were close to normal or only moderately impaired. D.M.’s performance pattern thus conforms with the hypothesis of an implicit RH lexical and semantic processing. As expected, however, her implicit processing is limited to high frequency and morphologically simple concrete nouns. The dissociation between D.M.’s almost normal performance on both semantic judgments and her poor performance on the lexical decision task is not easy to explain within the framework of the usual information processing models, as these results are a cue for a spared access to semantics with impaired access, however, to the orthographic input lexicon. A possible explanation is that reading with the RH lexical pathway is not only implicit but also automatic. D.M. is able to access semantic information without consciously accessing the orthographic input level. Lexical decision is thus only possible as a top-down process, and only for those concrete words activating some semantic information.
----------------------------

Table 22.3 about here (D.M.)

----------------------------

Reading in the RH: data from left hemispherectomy.

Further support for RH contribution to language processing comes from the study of a subject who underwent left hemispherectomy due to Rasmussen encephalitis (Patterson, Vargha-Khadem and Polkey, 1989). A 17-year-old girl (N.I.) came for neurological observation due to a progressive degeneration of the left cerebral hemisphere with recurrent epileptic seizures and subsequently, epilepsia partialis continua. The patient therefore underwent left hemispherectomy. After surgery, the seizures ceased completely. Spontaneous speech was very limited with severe anomia and mild agrammatism. Her residual lexical and semantic abilities showed strong similarities to those of deep dyslexic patients and to the semantic abilities of split-brain patients given reading tasks lateralized to the left visual field. 

N.I.’s reading performance  was impaired, showing the pattern of a phonological dyslexia: (i) identification  of letters was perfect, but their naming was poor and only possible through enumeration from A to the target letter; (ii) lexical decision was impaired particularly for lower frequency elements; (iii) naming of words and word-to-picture-matching were moderately impaired with frequency, imageability and part of speech effect; (iv) reading of nonwords was null. 

These results showed that the isolated RH of a right handed subject may have enough lexical orthographic input and semantic abilities, at least for concrete nouns, as well as phonological output abilities. The classic explanation given to justify RH language skills in patients after commissurotomy is that they have suffered from epilepsy since childhood, and this may have determined an incomplete lateralization of cognitive functions. However, this explanation can hardly be applied to N.I., whose anatomical and functional development was completely normal until the age of 13.

Conclusions

Since Freund’s (1889) description, OA has been at the center of the controversy on the functional interaction between hemispheres. In more recent years the study of this selective naming impairment has also thrown light on the issue of RH lexical-semantic competence. A functional model based on a multiple semantic system representation and on a bilateral but diversified organization of lexical-semantic abilities supplies the best theoretical account of OA symptomatology. The reading performance of deep dyslexic patients and of LBL readers also shows that the RH has at least partial linguistic competence, though usually limited to the basic representation of highly imageable and morphologically simple content words. Studies of commissurotomized patients and patients who sustained left hemispherectomy have supplied converging evidence of RH lexical and semantic processing. 

Most of the studies that analysed RH linguistic competence also documented a high level of interindividual variability either for type or degree of impairment. This can be seen in the variable pattern of impairment which emerges after a left occipital lesion with functional damage to the splenial pathways (ranging from pure alexia to associative VA) or in the irregular emergence of implicit reading in pure alexia. Different hypotheses were suggested to explain this variability. While Schnider et al. (1994) tried to explain the OA - VA dichotomy with a different extent of callosal damage, De Renzi (1996) hinted at a premorbid variability of RH lexical-semantic competence: "It is this premorbid individual feature that determines the degree to which the RH can compensate for the left side's lack of contribution to visual semantic processing and whether the clinical profile of the patient is more skewed towards optic aphasia or visual agnosia." This explanation also accounts for the inconsistent emergence of implicit reading in pure alexia and for lateralized left visual field (RH) stimulation in commissurotomized patients. 
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Figure Captions

Figure 22.1. Freund’s (1889) model of optic aphasia (S = language centers; O' and O" = left and right occipital visual cortex; m-n = sagittal axis between the hemispheres; B= posterior part of the corpus callosum; a1, a2 = retinal input from the left and right eye respectively).

Figure 22.2. Déjerine’s (1992) model of verbal blindness (pure alexia).

Figure 22.3. Liepmann’s (1900, 1905) model of callosal (left-hand) ideo-motor apraxia.

Figure 22.4. Information processing model for object identification and naming.

Figure 22.5. CT scan showing A.B.’s vascular lesion in the territory of the left posterior cerebral artery, involving the left occipital inferior and mesial cortex and the underlying white matter.

Figure 22.6. Diagram summarising the processing units that are available in each hemisphere and showing which of these units are damaged in the OA patient described by Luzzatti et al. (1996).

Figure 22.7.  Dejerine’s model transformed into an information processing flowchart.

Figure 22.8. Morton and Patterson’s (1980) model (modified).

