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Abstract

Background: Every language has certain specific idiosyncrasies in its writing system. Cross-linguistic analyses of
alexias and agraphias are fundamental to understand commonalities and differences in the brain organization of
written language. Few reports of alexias and agraphias in the Spanish language are currently available.

Aims: To analyse the clinical manifestations of alexias and agraphias in Spanish, and the effect of demographic
variables.

Methods & Procedures: Spanish versions of the Western Aphasia Battery (WAB) and Boston Diagnostic Aphasia
Examination (BDAE) were used for language assessment. Lesion localization was obtained by using computed
axial tomography and magnetic resonance imaging. The final sample included 200 patients: 195 (97.5%) right-
handed and five (2.5%) left-handed; 119 men and 81 women with a mean age of 57.37 years (SD = 15.56),
education of 13.52 years (SD = 4.08), and mean time post-onset of 6.58 months (SD = 12.94). Using the WAB,
four quotients were calculated: aphasia quotient (AQ), reading—writing quotient (RWQ), language quotient (LQ)
and cortical quotient (CQ).

Outcomes & Results: The types of aphasia were: global = 11 patients (5.5%), Broca = 31 (15.5%), Wernicke
= 30 (15.0%), conduction = 22 (11.0%), transcortical sensory = 17 (8.5%), transcortical motor = 3 (1.5%),
amnesic or anomic = 54 (27.0%) and mixed non-fluent = 32 (16.0%). The degree of oral and written language
impairment differed across the various aphasia types. Most severe reading and writing difficulties were found in
global, mixed non-fluent and transcortical motor aphasia; fewer difficulties were observed in amnesic, Broca and
conduction aphasia. The severity of the written language impairments paralleled the severity of the oral language
disturbances. Age negatively, while schooling positively, correlated with the scores in reading and writing tests. No
effect of sex and time since onset was found.

Conclusions & Implications: In Spanish-speaking aphasia patients, difficulties in reading and writing are similar to
oral language difficulties. This similarity of performance is mostly based on severity rather than the participants’
patterns of errors.
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What this paper adds

What is already known on the subject
* There is limited information about alexia and agraphia in Spanish.

What this paper adds to existing knowledge

* An extensive study with a large sample of patients.

What are the potential or actual clinical implications of this work?
* The study contributes to the clinical management of patients with reading and writing disturbances.
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Introduction

Information about alexia and agraphia in Spanish-
speaking adult is limited. The Spanish writing sys-
tem, as with any other language, has certain idiosyn-
crasies that can affect the characteristics of alexias and
agraphias. Understanding alexias and agraphias in di-
verse languages is fundamental to understand the com-
monalities and differences in brain organization and
acquired disturbances of written language. Regardless
that alexias and agraphias were described over a cen-
tury ago (Dejerine 1891, 1892) and have been reported
in a diversity of languages, few studies have compared
reading and writing disturbances across different lan-
guages. Two notable exceptions are Karanth’s Cross-
Linguistic Study of Acquired Reading Disorders (2003)
and a special issue of the Journal Behavioural Neurology
titled ‘Acquired Dyslexia and Dysgraphia across Scripts’
(Weekes 2012). In both publications, Spanish was in-
cluded. However, both were basically analysing the ap-
plicability of the cognitive models of acquired alexias
and agraphias to a diversity of languages. Interestingly,
the first concludes that those models are not applicable
cross-linguistically, whereas the second concludes that
they are applicable across different languages.

Only a few studies have analysed the characteris-
tics of alexias and agraphias in Spanish, despite the fact
that Spanish, as a first language, is the second most
spoken language in the world, with close to 500 mil-
lion speakers (Ethnologue 2020). Most reports are sin-
gle case studies (e.g., Cuetos ez al. 1996, Davies and
Cuetos 2005, Ferreres ez al. 2005, 2012, Iribarren ez al.
2001, Ruiz ez al. 1994). These case studies attempted
to analyse the applicability of current psycholinguistics
models of alexias to Spanish. Two studies have presented
a case series (Ardila et 2/ 1989,1996). The first was
mostly devoted to finding the clinical/anatomical corre-
lations of different written language disturbances, while
the second was restricted to reviewing agraphias. In this
second study, data from three groups of patients were
analysed: (1) patients with Broca aphasia, (2) patients
presenting Wernicke aphasia and (3) right hemisphere-
damaged patients. Two normal population groups—
children and adults—were included. Two types of er-
rors were identified: homophone’ (or ‘orthographic’)
errors and ‘non-homophone’ (or ‘writing’) errors. Ho-
mophone errors were found in brain-damaged and also
neurotypical participants. However, significantly more
of these errors were found in right hemisphere-damaged
patients and those with Wernicke’s aphasia. In contrast,
non-homophone errors were observed in the brain-
damaged population, but not in age-matched neurotyp-
ical adults. Two additional papers using series of pa-
tients were devoted specifically to spatial alexia and
spatial agraphia in Spanish (Ardila and Rosselli 1993,
1994).
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To address the characteristics of alexias and
agraphias in Spanish, it is fundamental to consider the
specific idiosyncrasies of the Spanish writing system.

Frequently, reading systems are divided between
into ‘transparent (languages in which each grapheme
corresponds to a phoneme) and ‘opaque’ (languages in
which each grapheme can correspond to more than on
phoneme) systems (Kwok ez al. 2017, Vaessen et al.
2010). Spanish has a transparent reading system, ex-
cept (1) when reading certain words taken from other
languages (e.g., souvenir, jeep); (2) some incongruences
in the transcription of words taken from Amerindian
languages—these incongruences are particularly evident
in Mexico where, for example, the city name Oaxaca is
read/guaxaka/; and (3) certain archaisms in writing. As
an example of the latter, México in Spanish should be
written Méjico. The name of this country was written as
Meéxico until the early 19th century when, at this point,
it was decided that all the words written with X and
pronounced/x/should be written with a J. However, the
name of this country is frequently written in Spanish
using the archaic orthography.

Reading in Spanish is completely transparent (ex-
cept for the mentioned irregularities). However, in writ-
ing some decision must be taken, considering that many
words can be written in different ways (e.g., the spo-
ken word/muxer/meaning ‘woman’ could be written
MUJER or MUGER, and in both cases the reading
is/muxer/. However, only the first spelling is considered
as correct according to the contemporary writing rules
(Real Academia Espafiola 2014).

In writing two different types of errors are possible:
homophones and non-homophones. In a homophone
error—orthographic error—reading is equivalent, but it
does not correspond to the accepted orthography. For
example, MUJER is written MUGER. Homophone er-
rors are found in those words in which alternate forms
of writing are possible. Different writing decisions have
to be taken. For example, two different letters can be
used to represent the phoneme/b/(voiced bilabial); the
phoneme/R/(alveolar trill) sometimes is written R and
sometimes RR, etc. (Ardila 1998). In cases of cerebral
pathology, orthographic errors in Spanish are not just
associated with aphasia, while in the case of right hemi-
spheric pathologies, it is common to find an increase
in these homophone errors (Ardila and Ostrosky-Solis
1984).

The other type of error is called a non-homophone
error or ‘writing error’. For example, the word MUJER
is written NUJER. Homophone errors are frequent,
particularly in people with limited levels of schooling;
nonetheless, they are also found even in people with
university levels of education (Ardila ez a/. 1996). Non-
homophone errors are found only in cases of brain
pathology and in children when learning to write.
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Alexia and agraphia depends on the type of apha-
sia (e.g., Ardila 2014, Benson 1979, Benson and Ardila
1996, Hecaen and Albert 1978). Alexia is usually found
associated with Wernicke’s, transcortical sensory and
anomic aphasia. In contrast, errors in agraphia are to
parallelize similar to the spoken errors in aphasia. That
means in Broca’s aphasia agrammatism in writing is also
found in spoken language; literal and semantic para-
graphias mirror the phonological and semantic para-
phasias found in Wernicke’s aphasia, etc. The associa-
tion of alexia and agraphia with demographic variables,
excepting the level of education, remains unclear.

The purpose of this study was to analyse the charac-
teristics of alexias and agraphias in Spanish using a large
sample of patients with brain pathologies. This is a de-
scriptive study, and hence no specific hypotheses were

proposed.

Methods
FParticipants

In this study, participants attended the Cognitive Com-
municative Speech Language Pathology Unit of the
Clinical Hospital, University of Chile in Santiago of
Chile (Unidad de Patologia del Habla y Lenguaje Cog-
nitiva Comunicativa del Departamento de Neurologfa
y Neurocirugfa del Hospital Clinico de la Universidad
de Chile) and were patients with speech and language
disorders associated with brain pathology. We recorded
aphasia cases for over a 12-year period (2008-20), with
prior approval obtained from the institutional ethics
committee.

The database included 1404 entries. The follow-
ing procedure was used to select the patients for the
current study. Initially, we entered all the patients that
who had been assessed using the Spanish revised version
of the Western Aphasia Battery (SWAB-R) (Gonzdlez
et al. 2015; translated and adapted to Spanish by
Gonzélez 2008), and the Boston Diagnostic Aphasia
Examination—Spanish version (SBDAE) (Goodglass
2005). We found that 915 patients (65.17%) fulfilled
this condition. In a second stage, only those patients
having the initial evaluation including both the SWAB-
R Parts 1 and 2 were retained (504 patients). Later, from
those 504 patients, only those with a single cerebrovas-
cular accident were selected, reducing the sample to 231
cases (45.83%). Finally, the following inclusion criteria
were used: (1) adult (> 18 years) literate participants
with aphasia due to first-ever left hemisphere stroke;
(2) conscious (according to the World Health Organi-
zation definition) at the time of language assessment;
and (3) native Spanish speaker. We also used the follow-
ing exclusion criteria: (1) aphasia caused by intracranial
haemorrhage—we did so because intracranial haemor-
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rhages produce an extended effect (Flowers ez a/. 2016);
(2) pre-morbid psychiatric pathologies; (3) pre-morbid
significant cognitive disturbances, congruent with a de-
mentia process; and (4) significant non-linguistic cog-
nitive disturbances at the assessment, such as confusion
and attentional deficits, impairing the language evalu-
ation. From this 231-patient sample, 31 were removed
from the study because they did not fulfil these criteria.
Consequently, the final sample for the current study in-
cluded 200 vascular aphasia patients.

Handedness was determined based on the direct
clinical observation and/or a brief questionnaire an-
swered by a close family member or by the patient
him/herself, when possible. We received 195 (97.5%)
right-handed and five (2.5%) left-handed participants.
In our aphasia sample, there were 119 men and 81
women, with a mean age of 57.37 years (SD = 15.56).

A total of 69 patients presented right hemiparesis,
but only 39 of them had to use their left hand for
writing. It is noteworthy that studies have found in
neurotypical adults that writing with the non-preferred
hand affects the calligraphy, but does not significantly
affect the ability to select the letters or the letters se-
quence in a word.

The participants had a mean level of education of
13.52 years (SD = 4.08) corresponding to approxi-
mately high school, according to the Chilean education
system. The mean time post-onset that they evaluated
was in on average 6.57 months (SD = 12.94); time
post-onset was the following: acute: < 1 month (» =
63); subacute: 2—4 months (z = 73); and chronic: > 5
months (7 = 64). All the patients had localized strokes
according to computed axial tomography and magnetic
resonance imaging scans.

Language examination

Two different aphasia test batteries were administered:
the SWAB-R and SBDAE. The maximum interval be-
tween the two tests was 1 week, initially administer-
ing the SBDAE and later the SWAB. The SWAB-R in-

cludes two sections:

(1a) SWAB-R Part 1 is used to determine the aphasia
severity. We only administered four subtests: sponta-
neous speech, auditory verbal comprehension, repeti-
tion and naming. An aphasia quotient (AQ) was cal-
culated based on these four scores. It was calculated
using the following formula:

AQ = (Spontaneous speech 20
+ comprehension 200/20 + repetition 100/10
+ naming 100/10) x 2



According to the AQ, aphasia severity is interpreted
as follows: 0-25 = very severe, 26-50 = severe, 51-75
= moderate and > 76 = mild. In our sample, the mean

AQ was 59.26 (SD = 30.03).

(1b) SWAB-R Part 2 is a supplementary instrument,
including the following subtests: reading, writing,
praxis, drawing, block design, calculation and Raven’s
coloured progressive matrixes.

Three different quotients were calculated: reading—
writing quotient (RWQ), language quotient (LQ) and
cortical quotient (CQ). The RWQ has a maximum
score of 100 points and is calculated using the formula:

(Reading 100 4 Writing 100) /2

LQ includes oral and written language (Shewan
1986); the following formula is used:

(Spontaneous speech 20)
+ (auditory comprehension 200/10)
+ (repetition 100/10) + (naming 100/10)
+ (Reading 100/5) + (Writing 100/5),

with a maximum score of 100.
Finally, the CQ includes all the battery subtests; to
calculate it, the following formula is used:

(Spontaneous speech 20)
+ (auditory comprehension 200/10)
+ (repetition 100/10)
+ (naming 100/10)
+ (Reading 100/10) + (Writing 100/10)
+ (praxis 60/6) + (drawing 30
+ block design 9 + calculation 24
+ Raven’s coloured progressive matrixes 37)/10

Its maximum score is 100.

(2) The SBDAE was used to determine the type of
aphasia. We preferred to use the SBDAE in deter-
mining the aphasia subgroups because it uses not only
quantitative but also qualitative classification criteria.
In the current study, the distribution of the aphasia
types was as follows: global = 11 patients (5.5%),
Broca = 31 (15.5%), Wernicke = 30 (15.0%), con-
duction = 22 (11.0%), transcortical sensory = 17
(8.5%), transcortical motor = 3 (1.5%), amnesic or
anomic = 54 (27.0%), and mixed non-fluent = 32
(16.0%). Mixed non-fluent aphasia refers to those pa-
tients with a significantly impaired expressive language
and auditory comprehension deficits (< 50%). Pa-
tients with Broca’s aphasia score > 50% in auditory
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comprehension, while in global aphasia auditory com-
prehension falls to < 25%. The number of patients in
each aphasia subtype is unequal; this is an implicit lim-
itation not only in this study but also in similar clinical
studies (Lahiri ez 2/ 2020, Pedersen et al. 2004).

The software IBM SPSS STATISTICS 25 was used
to analyse the data in two ways. First the clinical charac-
teristics of the different types of aphasia were examined,
with a particular emphasis on reading and writing dis-
turbance. This analysis is presented in tables 2—4. Sec-
ond, the impact of the demographic variable on reading
and writing was evaluated. This analysis is presented in
tables 5-8. The assumption of normality was met for
the data.

Results

Table 1 presents the demographic characteristics of the
patients. The information corresponding to each apha-
sia type and the 200-patient sample is included.

Table 2 shows that aphasia severity was greater in
people with global, mixed non-fluent, and transcorti-
cal motor aphasia and that their LQ, RWQ and CQ
was lower than the other types of aphasia. Patients with
global, mixed non-fluent and transcortical motor apha-
sia had more severe language, cognitive, and reading
and writing deficits than patients with amnesic, con-
duction, Broca’s and transcortical sensory aphasia. The
differences between the aphasia types were statistically
significant across all quotients.

Reading subtest scores in the SWAB-R Part 2 ac-
cording to the aphasia type are presented in table 3.
Reading was most impaired in global but also and
transcortical motor aphasia. However, depending upon
the specific reading subtest, difficulties varied according
to the type of aphasia. Reading comprehension of sen-
tences was severely impaired not only in global but also
in transcortical motor aphasia. The ‘commands’ subtest
was specially affected in global and mixed non-fluent
aphasia. For the rest of the reading subtest, greater dif-
ficulties were found in patients with global and also
transcortical motor aphasia.

Table 4 presents the scores in the writing subtests of
the SWAB-R Part 2 according to aphasia type. Writing
was affected in all the aphasia groups, but primarily in
global and transcortical motor aphasia. Writing to dic-
tation was particularly difficult for patients with Wer-
nicke aphasia.

To analyse the impact of different demographic
variables on reading, correlations between the scores
in the reading subtest and demographic variables were
also analysed (table 5). Age negatively correlated with
the scores in all the subtests, except in commands, spo-
ken word—written word and letter discrimination. The
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highest correlation was with the comprehension of sen-
o0 | A o . . .
S| 993 tences. Schooling correlated with the scores in all the
= — N B . .
2 c|> SaS subtests, excepting commands, written word—object,
w . . . .
written word—picture, picture—written word and letter
discrimination. No significant correlation was found
ael . . .
e El: wy « with sex and time since onset.
2 | o Gt ) .
AR E The same analysis was performed with regard to
) o NS .. .
FS|STST writing. Table 6 presents the correlations between
a. o .. ..
g SWAB-R Part 2 (total writing+ subtests writing) and
[} . . .
= - the demographic variables. Age negatively correlated
g ZE8lSfaw with total writing, writing upon request, writing out-
s | Zg8= = .. .
> g E =S=2 put, writing dictated word, alphabet and numbers, and
o b5 o o . . ..
21 3% b sentences copy. While schooling positively correlated
g with total writing, writing upon request, writing out-
g g put, writing dictated sentences, alphabet and numbers,
£ N .
3|8 822 and sentences copy. Sex and time post-onset were not
) . . . . .
T2 g SS =3 significantly associated with the scores in any of the
- ..
- S writing subtests.
- . .
g e correlations between the four quotients and the
8 Th lations between the four quotients and th
2. | e demographic variables were calculated (table 7). Only
[} - 00 Y . . .
Wl 52 Tl88QaQ B age and schooling were correlated with these quotients,
o bl ™) =) 4 . . . .
‘g 257 |9TsS z;{ge glth RWQ, LQ and CQ, while schooling with
= WQ.
+ . .
Y Finally, correlations between SWAB-R Part 2 scores
S 5 5 o = 2 and demographic variables were calculated (table 8).
¥l £%|zS=< Again, age negatively correlated with both reading and
- ael o o .. . ..
'g = g Pl writing scores, whereas schooling positively correlated
= with both reading and writing scores. Sex and time since
(o] . . . ..
P g1, onset did not correlate with reading and writing scores.
3 5| 2R
=™ Eo | Tocwno
| E4 |32 . .
:! 2E|T1°° Discussion
=
A The main finding in this study is the degree of differ-
g 2l o - ence in oral and written language impairment across the
E £1=85¢8 different types of aphasia, regardless of the use of a non-
L S o O . .
< E1TT7<9 selected sample of vascular aphasia patients. Although
3 © it is not surprising that the greatest level of impairment
E , was found in global and mixed non-fluent aphasia, and
=} % . . . .
22 28,3 the least in amnesic aphasia, yet the degree of reading
(5] .. . . . .
gl £52|a928S and writing impairment in the other aphasia groups was
e 1 e S . . . . .
- g Pl unexpected. Major findings in this study include:
=
Sl
= . . .
S ol * Opverall, the severity of the written language dis-
A RS T A turbances paralleled the severity of the oral lan-
. O . .
2 3 S a9 guage disturbances across all types of aphasia.
= ' * Using the CQ as an indicator of general cogni-
tive ability, the pattern of impairment observed
4 in both oral and written language was similar to
g the general cognitive impairment. A lower level of
S vy cognitive ability was found in global aphasia and
N 2| at a higher level in amnesic aphasia.
= - = * In the three participants with transcortical mo-
8 E5| Y tor aphasia, the severity of the oral and writ-
= [°) * . . . .
=R - ten language impairments was particularly high.
o0 = |5 . .
SILEAENZ Their oral language disturbances were less severe
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Table 6. Correlations of Pearson between SWAB-R Parts 2 (writing total + writing subtests) and demographic variables

Writing Writing Dictated
Writing upon  Writing dictated dictated ~ Alphabet and letter and Sentence
Variables (z = 200) Writing request output sentences words numbers numbers copying
Age —0.2317  —0.189"  —0.202" —0.137 —0.152"  —0.274" —0.086  —0.280"
Sex —0.048 —0.044 —0.077 —0.047 —0.065 —0.026 —0.005 0.046
Schooling 0.229” 0.166” 0.208™ 0.235" 0.138 0.244" 0.125 0.196"
Time since onset —0.004 —0.005 —0.043 —0.044 0.004 0.031 —0.007 0.091

Note: *p < 0.05; **p < 0.001.

Table 7. Correlations of Pearson between the different quotients and demographic variables

Variables (z = 200) Aphasia quotient Reading—writing Language Cortical quotient
(AQ) quotient (RWQ) quotient (LQ) (CQ)

Age —0.061 —-0.237" —0.139" —0.155"

Sex —0.089 —0.048 —0.074 —0.063

Schooling —0.008 0.225" 0.090 0.092

Time since onset —0.014 —0.015 —0.014 —0.013

Note: *p < 0.05; *p < 0.001.

Table 8. Correlations of Pearson between the SWAB-R Part 2
subtests and demographic variables

Variables Reading Writing
Age —0.228" —-0.231"
Sex —0.045 —0.048
Schooling 0.208™ 0.229"

Time since onset —0.025 —0.004

Note: *p < 0.05; *p < 0.001.

than their written language disturbances. Al-
though this pattern of performance is interesting,
the size of the group means that caution needs to
be taken when interpreting these findings.

* The impediment of both oral and written lan-
guage was twice as severe in Wernicke’s than in
Broca’s aphasia.

* The severity of both oral and written language
disturbance in conduction aphasia was similar to
the severity observed in Broca’s aphasia.

¢ Although it seemed obvious to anticipate that
reading would be most impaired in posterior
aphasias and writing in anterior aphasias, we did
not find this pattern. Both reading and writing
were impaired in a similar way in all the aphasia
types. For instance, reading was severely impaired
in transcortical motor aphasia, an anterior type of
aphasia, whereas writing was significantly abnor-
mal in transcortical sensory aphasia, a posterior

type of aphasia.

Although the results show that acquired difficulties
in both reading and writing are significantly correlated
with age and schooling, but not with sex or time post-

onset, the proportion of the score variance that can be
explained by these two variables is small. Noteworthy, 7
indicates the percentage of the score variance accounted
for by a variable. In general, correlations were low, and
hence these two variables—age and schooling—account
for only a small percentage of the variance. The nega-
tive effect of age on alexia/agraphia severity seems un-
derstandable, and can be interpreted as follows: while
with advancing age the brain becomes more sensitive to
the consequences of an abnormal condition and clini-
cal manifestations are likely to be more severe. The at-
tenuating effect of education, however, could be inter-
preted in two different ways: (1) people with a higher
education have an increased cognitive reserve amelio-
rating the effect of the brain pathology; this association
between education and cognitive reserve has frequently
been suggested (e.g., Mungas ez a/. 2018, Wilson et al.
2019); and (2) people with lower education, with or
without brain pathology, obtain lower scores in reading
and writing tests. Probably both explanations may be
correct, as they are not contradictory.

It is difficult to compare the results with those ob-
tained in other languages because studies using similar
procedures in other languages are not readily available.
However, we can speculate that the general conclusions
presented above may be applicable to other languages,
at least to those closer to Spanish.

The study has several important limitations related
to the specific population selected, including but not
limited to age range, educational level, aphasia aeti-
ology and the specific location where the sample was
taken. Moreover, there is a second, probably even more
important, limitation related to the particular testing
procedure used. We administered very specific tests,
and a very particular scoring procedure, which did not
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include the whole assessment of all the potential abil-
ities involved in reading and writing. Further research
will contribute to clarify the similarity and differences
in alexias and agraphias among languages, and the vari-
ables affecting their clinical manifestations.
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