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Abstract

Individuals with semantic dementia (SD) were differentiated neuropsychologically from individuals with dementia of the Alzheimer type
(DAT) at very mild-to-mild stages (clinical dementia rating 0.5 or 1). A picture naming and recognition memory experiment provided a
particularly useful probe for early identification, with SD individuals showing preserved picture recognition memory and impaired naming,
and DAT individuals tending to show the reverse dissociation. The identification of an early SD group provided the opportunity to inform
models of reading by exploring the influence of isolated lexical semantic impairment on reading regular words. Results demonstrated prolonged
latency in both SD and DAT group reading compared to a control group but exaggerated influence of frequency and length only for the SD
group. The SD reading pattern was associated with focal atrophy of the left temporal pole. These cognitive-neuroanatomical findings suggest
a role for the left temporal pole in lexical/semantic components of reading and demonstrate that cortical thickness differences in the left
temporal pole correlate with prolonged latency associated with increased reliance on sublexical components of reading.
© 2004 Elsevier Ltd. All rights reserved.

Keywords: Semantic dementia; Alzheimer’s; Frontotemporal dementia; Reading; Recognition memory

1. Introduction Despite clinical similarities, SD is pathologically distinct
from DAT (Hodges, Garrard, & Patterson, 1998eary et
Semantic dementia (the temporal variant of frontotem- al., 1998 see alsKertesz, Hudson, Mackenzie, & Munoz,
poral dementia; FTD) and dementia of the Alzheimer type 1994. Because treatments are increasingly likely to target
(DAT) are clinically overlapping diseases sharing features specific neurodegenerative mechanisms, it is important
such as insidious onset and gradual deterioration of compre-to determine whether neuropsychological markers can
hension and word finding ability, among other impairments. differentiate SD from DAT early in the course of dementia,
when intervention may be most effective.
* Corresponding author. Tel.: +1 859 323 4813; fax: +1 859 257 6700. . . _Semantlc dementia (SD) is the variant of FTD involving
E-mail addressbrian.gold@uky.edu (B.T. Gold). initially focal degeneration of one or both temporal lobes

0028-3932/$ — see front matter © 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.neuropsychologia.2004.10.005



834

(Hodges, Patterson, Oxbury, & Funnell, 199%eary et
al., 1998 Snowden, Goulding, & Neary, 198%ee also
Warrington, 1975 SD is similar to the fluent variety of pri-
mary progressive aphasiiésulam, 198pwith additional
impairment of non-verbal semantic knowledd¢ofiges et
al., 1992; Mesulam, 2001 Distinguishing early forms of
SD from DAT neuropsychologically presents a challenge be-
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may exist in reading regular words in early SD and DAT. In
particular, the apparently graded degrees of lexical seman-
tic memory retention between healthy older individuals (re-
tained), individuals with DAT (less retained), and individuals
with SD (least retained), raises interesting questions about
potential for differing influences of lexical and sublexical
variables in reading between groups. Such effects have the

cause DAT can also involve deficits on semantic processing potential to inform models of reading.

tasks Huff, Corkin, & Growden, 1986Kertesz, Appell, &
Fisman, 1986Martin & Fedio, 1983 even relatively early
in the diseaseGhertkow & Bub, 1990Hodges & Patterson,
1999. Similarly, although episodic memory impairment is
a hallmark of early DAT, simple tests of verbal episodic

Finally, to identify neuroanatomical correlates of poten-
tially differing reading patterns between groups, structural
MRI was conducted and automated brain volume analyses
and a sensitive cortical thickness technigue were used to com-
pare group differences in brain volume and local mean cor-

memory such as logical paragraph recall cannot distinguishtical thickness in vivoDale, Fischl, & Sereno, 199%ischl
between the two dementias because both types of patient& Dale, 200Q Fischl, Liu, & Dale, 2001 Fischl, Sereno, &

perform poorly, SD patients due primarily to impaired
language and DAT patients due primarily to impaired mem-
ory (Hodges et al., 1999 Importantly, though, semantic
impairment is variable in early DATHodges & Patterson,
1995 and visuospatial and attentional-executive functioning
are preserved in early Sfdges et al., 1992; Neary et al.,
1998, suggesting that SD and DAT can be distinguished
early in the dementia process. For exampledges et al.
(1999)found that a relatively early SD group (mean mini-
mental state exam (MMSE) = 20) was distinguished from an
early DAT group (mean MMSE = 23) by significantly better
performance on a test of picture reproduction.

A related cognitive domain, which may be preserved in
SD compared to DAT is picture recognition memory. Recent

Dale, 1999aFischl, Sereno, Tootell, & Dale, 1998b

2. Methods
2.1. Subjects

Three groups consisting of a total of 30 individuals par-
ticipated in the study: six with early SD (four males and two
females), 10 with early DAT (seven males and three females)
and 14 non-demented (eight males and six females). Subjects
were recruited from the Washington University’s Alzheimer’s
Disease Research Center (ADRC) and screened for depres-
sion, severe hypertension and other medical factors described

evidence suggests that recognition memory for pictures is previously Berg et al., 1998 Potential SD subjects were

preserved in the majority of SD patientSréham, Becker, &
Hodges, 199/7Graham, Simons, Pratt, Patterson, & Hodges,
2000a Simons, Graham, & Hodges, 200Zimons et al.,
20028. This stands in contrast to the marked picture naming
deficits in SD relative to DAT. An outstanding issue in this

area involves the timing of the emergence of the picture nam-

ing/recognition memory double dissociation between SD and
DAT. If naming is impaired and picture recognition memory

is preserved in early SD, and the reverse dissociation is ev-

ident in early DAT, then tests of picture naming/recognition
memory might provide an important and relatively simple
neuropsychological tool aiding differential diagnosis. A pic-

identified either clinically or psychometrically. Clinically,
potential SD subjects were identified as having prominent
word finding difficulty, relative preservation of orientation
to time and place, and relative maintenance of activities of
daily living (Hodges et al., 1992Psychometrically, poten-
tial SD subjects were identified as having probable semantic
impairment via general ADRC test scor€oftese, Balota,
Sergent-Marshall, & Buckner, 2003

A specially designed neuropsychological battery was ad-
ministered to identify those individuals meeting original
(Hodges et al., 1992and consensudNgary et al., 1998in-
clusion and exclusion criteria for SD; namely, impairment

ture naming/recognition memory experiment was conducted in semantic memory causing anomia and deficits of spoken

to explore this issue.

The identification of an early SD group provided the
opportunity to inform models of reading by exploring the
influence of isolated lexical semantic impairment on read-
ing words with regular spelling-to-sound correspondences.
Individuals with SD show marked impairment in reading
irregular words (e.g.glove (Graham, Hodges, & Patter-
son, 1994 Graham, Patterson, & Hodges, 2006atterson
& Hodges, 1992, but the available data indicate little or no
impairment in reading regular word&(aham et al., 1994,
2000h Patterson & Hodges, 1992 ittle research in this area

and written single word comprehension, a reading pattern
of surface dyslexia, and impoverished knowledge about ob-
jects and/or people with relative sparing of phonological and
syntactic components of speech output, and perceptual and
non-verbal problem solving skills. Early DAT subjects were
matched approximately with the SD group for global demen-
tia severity and years of education. SD has an earlier age
of onset than DAT Neary et al., 1998 Therefore, in or-

der to recruit representative samples of each group, patient
groups were not matched for age. Diagnosis of probable DAT
was made according to criteria developed by the National In-

has examined latencies of SD reading (haming). Latency maystitute of Neurological and Communicative Disorders and
provide a sensitive index of subtle reading abnormalities that Stroke and the Alzheimer’s Disease and Related Disorders
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Association ficKhann et al., 1984 Convergent estimates and auditory comprehension, respectively. Verbal output was

of global dementia severity were sought through scores onrated for melodic line, phrase length, articulatory agility and

the clinical dementia rating (CDRjorris, 1993, the MMSE grammatical form.

(Folstein, Folstein, & McHugh, 197%nd whole-brain vol-

ume based on MRI. Control subjects were matched approx-3.3. Visuospatial and attentional-executive function

imately with the patient groups for years of education and assessment

matched with the DAT group for age. Written informed con-

sent was obtained from all subjects in the study, which was  Measures used to assess visuospatial skills were Raven’s

approved by the Human Studies Committee of Washington Colored Progressive MatriceR#&ven, 1995 block design

University. from the WAIS echsler, 195p and various subtests
from the Visual Object and Space Perception battery
(Warrington & James, 1991 Measures used to assess

3. Identifying semantic dementia attentional-executive function were the digit symbol subtest
from the WAIS, the digit span subtests from the Wechsler
3.1. Multimodal semantic assessment Memory Scale\(Vechsler & Stone, 1973and the trails tests

(Armitage, 194%.

A battery of tests was used to assess semantic knowledge
across input and output modalities and verbal and pictorial 3.4. Analyses
domains (similar taChertkow & Bub, 1990Hodges et al.,
1992. A core component of the battery was a set of 64 line  The goal of analyses was to identify individuals meet-
drawings from théSnodgrass and Vanderwart (1980)pus, ing consensus criteria for SD. Scores on all tests were first
normed for frequency and prototypicality across six seman- converted ta-scores for all subjects relative to the mean of
tic categories: animals, birds, fruit, household items, tools, the controls. Individuak-scores were then averaged across
and vehiclesBozeat, Lambon Ralph, Patterson, Garrard, & a number of cognitive domains to obtain reliable composite
Hodges, 200D The following tests were conducted using the scores for lexical semantic, pictorial semantic, visuospatial,
set of 64 normed items: attentional-executive, speech and comprehension domains.
SD is known to involve relative preservation of visuospatial
and attentional-executive function as well as fluent speech
(Hodges et al., 1995nowden et al., 1989Individuals with
SD were therefore identified as demonstrating a pattern of
scores reflecting: lexical semantics impaired relative to vi-
suospatial functioning; lexical semantics impaired relative
to attentional-executive functioning; pictorial semantics im-
0:oaired relative to visuospatial functioning; comprehension
impaired relative to speech fluency. Results are presented for
those individuals meeting consensus criteria for SD and for
all DAT and control subjects.

1. Category fluency: producing as many exemplars as pos-
sible in 1 min/category.

2. Naming of all 64 line-drawings without cueing.

3. Word-to-picture matching: pointing to the drawing corre-
sponding to a spoken word from picture arrays containing
nine within-category foils.

4. Picture sorting: sorting of individual cards into vari-
ous superordinate categories. First, all cards were sorte
into piles of natural and human-made things. Cards rep-
resenting natural things were then sorted into piles of
animals/birds/fruit. Finally, cards representing human-
made things were sorted into piles of tools/household
items/vehicles. Sheets with written labels reflecting the
desired sort (i.e., natural and human-made, etc.) were po-
sitioned in front of subjects during each sort.

3.5. Experiment 1: picture naming and picture
recognition memory

Five of the six SD individuals and all other subjects
Additional tests of semantics included animal fluency (10 DAT and 14 control) completed the naming/recognition
[from the Boston Diagnostic Aphasia Examination (BDAE); memory experiment. Subjects were asked to name each of the

Goodglass & Kaplan, 1983 the Boston Naming Test 64 Snodgrass and Vanderwart (198@e drawings used in
(Kaplan, Goodglass, & Weintraub, 193&he American Ver- the semantic battery without cueing. Thirty minutes follow-
sion of Nelson Adult Reading TesG(ober & Sliwinski, ing the naming task (during which time non-pictorial tasks
1991, and a Synonym Test (Lambon Ralph et al., unpub- were given) a surprise recognition test was administered in
lished). As an additional test of non-verbal semantic knowl- which subjects were asked to point to the drawing they saw
edge, the picture version of the Pyramids and Palmtrees teskarlier during the naming task from among two category

(Howard & Patterson, 1992vas administered. matched foils. The three drawings were presented side-by-
side on a single card. Targets were 32 drawings selected ran-
3.2. Fluency and comprehension assessment domly from the items used in the naming test. Foils were

64 drawings from th&nodgrass and Vanderwart (1980y-
The cookie theft picture and the comprehension section pus that were not part of the semantic test battery and were
from the BDAE were administered to assess verbal fluency matched with targets for superordinate semantic category and
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frequency. Positioning of target items among foils was coun- per participant (TR=9.7ms, H=4ms, flip angle=19Q
terbalanced across three spatial positions on pictorial arrays.T1=20ms, TD =200 ms). Scans were motion corrected and
Orientation of all drawings was identical to target orientation averaged, yielding a single image volume with high contrast-
at naming. Drawings were scaled to half the size of those to-noise ratio, enabling quantitative characterization. All
used for the naming task. MRI scans were conducted within 6 months of neuropsy-
chological testing and experiments.
3.6. Experiment 2: word naming
3.8. Hemispheric brain volume

Nine of the 10 DAT individuals and all other subjects
(six SD and 14 control) completed the word naming ex-  Single within-participant averaged volumes were inter-
periment. The word naming experiment was part of an ex- polated to 1-mm isotropic voxels within the atlas space of
periment examining potential semantic priming differences Talairach and Tournoux (1988Jhe atlas target consisted
between groups. The word naming component of the prim- of merged young adult/older adult template that accommo-
ing experiment required subjects to read the second word indates participant atrophy. Registration was verified for each
prime—target pairs. This manipulation allowed for computa- individual. An automated procedure then was used to seg-
tion of naming accuracy and latency to be examined acrossment each participant'simage volume into cerebrospinal fluid
targets and as a function of specific target properties (e.g.,(CSF), grey matter and white matter classes (computed sep-
length and frequency). Latencies were also computed basedarately for whole-brain and hemispheres) using the signal
upon prime—target relationships. However, the priming ma- intensity histogram $nyder, Sanders, Linenweber, Morris,
nipulation yielded largely null findings, so results will only & Buckner, 2000. Hemispheric brain volume percentages
be presented for target word naming, which yielded robust were then calculated for each participant as grey and white
between-group results. The experiment was controlled by amatter voxels divided by total within-hemisphere voxels (in-
PC with a 133 MHz processor running in DOS mode. The cluding CSF). Brain volume percentages were scaled to the
17in. monitor was set to 40-column mode for the presenta- volume of the atlas mask to compensate for individual head
tion of stimuli. A voice key (Gerbrands G1341T) was con- size. This normalization procedure is proportionate to nor-
nected to the PC's real-time clock to collectresponse latenciesmalization based on total intracranial volumes to compensate
to the nearest ms. Targets were 162 monosyllable words offor differences in head siz&(ckner et al., 2004
moderately high-frequency (mean =140.6 per million words,
Kucera & Francis, 1967with a mean length of 4.13 let- 3.9. Cortical thickness based on MRI
ters. An additional 138 multisyllabic prime—target pairs were
included but not considered further due to difficulty rating A sensitive cortical thickness analysis was employed to
them for regularity. All targets contained regular grapheme- identify potentially small reductions in grey matter thickness
to-phoneme correspondences (dfqltheart, Rastle, Perry, in early dementia groups. Cortical thickness was derived us-
Langdon, & Ziegler, 2001L ing a series of procedures described in detail elsewlDske(

Stimuli were presented one at a time at the center of the etal., 1999Fischl & Dale, 2000Fischl etal., 1999a, b, 2001
CRT in white lowercase letters against a black background. Salat et al., 200dand validated against both manual mea-
The experiment consisted of two blocks of 150 trials. The surement from MRI patient populationKyperberg et al.,
300 experimental trials were preceded by 10 practice trials. 2003 and histology Rosas et al., 2002Briefly, white mat-
Subjects were asked to pay attention to the first word and ter voxels within each participant’s three-dimensional image
read the second word as quickly and accurately as possiblevolume were first classified using intensity and continuity in-
Each trial began with a fixation mark (+) appearing in formation. The surface of the connected white-matter voxels
the center of the screen for 2000 ms. The prime followed was then deformed and inflated to locate the approximate pial
and appeared for 200 ms. The prime was replaced by thesurface and this information was refined to obtain a represen-
target, which remained on the screen until the initiation tation of grey-white matter boundariéle et al., 1999 Dis-
of the reading response. The experimenter then coded theance between representations of grey-white boundary and
trial as correct, incorrect, or noise (some extraneous noisecortical surface was calculated at each point across the cor-
triggered the voice key or it failed to be triggered by the tex to produce representations of cortical thickness (corti-
reading response). A 2000 ms interval occurred betweencal thickness maps). Interpolation is used in this process to

trials. achieve subvoxel (below 1 mm) accuraBafe et al., 1999
Finally, thickness measures were mapped on the ‘inflated’
3.7. Structural magnetic resonance imaging surface of each subject’s reconstructed bré&isdhl et al.,

19993, allowing visualization of the entire cortical surface,
Structural magnetic resonance imaging (MRI) was per- including sulcal regions.
formed on a Siemens 1.5 T Vision System (Erlangen, = Mean group cortical thickness estimates were computed at
Germany). Between 2 and 4 high-resolution (1 mrhmm each point on the reconstructed surfaces using a method that
x 1.25mm) T1l-weighted MP-RAGE scans were acquired applies a series of steps to match morphologically homolo-
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gous cortical locations across subjedis¢hl et al., 1999a Table 1
The method involved smoothing reconstructed surface mapsMean demographic and general dementia severity data at the time of imaging
using a symmetric Gaussian kernel with a standard devia- Variable Controln=14 DAT,n=10 SD,n=6 ANOVA,
tion of 22 mm and then averaging across subjects using a P-value
non-rigid high-dimensional spherical method, which aligns Males/females  8/6 713 4/2 X
cortical folding patternsHischl et al., 1999a Group corti- ége . 7&15((920(3)) 71€i65(?3;72)) 6183;88(?2'58) 0.14

. . P . ucation . . . . . . ns
_cal thlckness_ estimates were cpmpared statistically using an,vse 20(1.1) 25 (4.7) 23(L7)  <0.001
implementation of the ggneral linear model computed_ onthe cpr AllO 805/21 505/11
surface map data examining the effect of group on thicknessygics- Standard deviations are in parentheses.
at each vertex across the cortical mantle. * SD group significantly younger than DAT group< 0.05).

a2 SD and DAT groups both significantly worse than control group
(P<0.01) but not different from each other. ns: not significant.

4. Results
did not differ in age P=0.46). The three groups were

Mean demographic information and scores representing matched for level of EdU-Cation. Patlent groups were matched
estimated global dementia severity for SD, DAT and control for general global severity of dementia as measured by both
groups are listed iffable 1 ANOVA revealed no signifi- the CDR and the MMSE. Although neither measure provides
cant age differences between the three groBgs:{)=2.13, an absolute index of dementia severity across different de-
P=0.14). The SD group was significantly younger than the mentia subtypes, taken together they suggest similar levels
DAT group ((14)=2.49,P<0.05). DAT and control groups  ©Of (mild) global dementia severity across groups.
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Fig. 1. Scatter plots afscores for all SD (green diamonds), DAT (red triangles) and control (blue circles) subjects across several composite cognitive domains
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4.1. Identifying semantic dementia A significant effect of group was also found on the recogni-
tion memory taskK2,26)=7.6,P <0.01). In contrast to their
Raw scores from all tests used to identify SD individuals very poor performance on the naming task, however, SD per-
are presented ifable 2 Fig. lillustrates degrees of deviation ~ formance on the picture recognition memory task did not
(in standardized scores) of SD individuals from control and differ from that of the control grougtf7)= 0.6, ns). By way
DAT subjects across several cognitive domains. The six SD of contrast, the DAT group showed significantly poorer pic-
individuals show patterns of impaired lexical semantics rel- ture recognition memory than the control grotigA = 3.6,
ative to visuospatial functioning (Panel A); impaired lexical P<0.01) and, despite the small sample size, there was a trend
semantic relative to attentional-executive functioning (Panel in the direction of poorer picture recognition memory in the
B); impaired pictorial semantics relative to visuospatial func- DAT group than the SD groug{z)=1.9,P=0.08).
tioning (Panel C); impaired comprehension relative to speech  Effect sizes were calculated to assess the validity of the
fluency (Panel D). The overall profile in these individuals in- picture naming/recognition memory probe for early differ-
dicating breakdown of semantic knowledge across verbal andentiation of SD and DAT by subtracting picture recognition
non-verbal domains with relative preservation of visuospatial memory scores from picture naming scores for individuals
and attentional-executive functioning and impaired compre- and across groups. The mean group effect sizes and standard
hension relative to speech fluency meets the criteria estab-deviations (in parentheses) were 3.0 (5.0), 16.2 (1%4%.7
lished for SD Hodges et al., 1992; Neary et al., 1998s (19.6) for the control, DAT and SD groups, respectivElg. 3
expected, several early DAT individuals show semantic im- illustrates effect sizes of individual control, DAT and SD sub-
pairmentrelative to controls. However, early DAT individuals jects. All SD subjects show large negative effect sizes (bet-
tend to show less semantic impairment and more visuospa-ter recognition memory than naming), which separate them
tial and attentional-executive impairment than the early SD clearly from control and DAT subjects. Half of the DAT sub-

individuals. jects show the reverse dissociation, with positive effect sizes
(greater naming than recognition memory). However, half of
4.2. Picture naming and picture recognition memory the DAT individuals show little or no dissociation between

_ recognition memory and naming, suggesting that the nam-
Fig. 2 presents means and standard errors for the con-ing/recognition memory probe may be more sensitive to the
trol, DAT and SD groups on the picture naming and picture jdentification of early SD than early DAT.
recognition memory tests. As expected, there was an effect

of group on naming performancgg,2¢)= 74.2,P <0.0001),
with the SD group showing significantly poorer naming
than the other groups (contrdji7)=10.1,P<0.0001; DAT
t(13)=7.5,P<0.0001). The DAT group showed significantly
poorer naming than the control grougy$y=2.5,P <0.05),
however caution is needed in interpreting this result due to
the relatively weaker (uncorrected) significance level.

4.3. Word naming

Examination of response output revealed that all groups
showed reading accuracies at ceiling (mean control
group =100%; mean DAT group =99%; mean SD group=

8 60
N 8
<.01 72}
e g A
Q 4
p<.01 p<.01 p=.08 g
100 1 I 1 © 207 é
Q0 1 - T
80 1 ._g 0
C 4
70 4 A\
. D .20 2\
T 60 (&} .
& - (5] A
5% = 40 6X4>
§ 40 1 o N .
30 1 € 60+ >
20 1 % ] 3
10 1 =Z 80 T T T
04 L Control DAT SD
Picture Naming Recognition Memory GTOUD

EControl [ DAT [@SD

Fig. 3. Scatter plot of effect sizes for control (blue circles), DAT (red tri-
Fig. 2. Mean accuracy (in percent) for the control (blue), DAT (red) and angles), and SD (green diamonds), subjects for picture naming — picture
SD (green) groups on the picture naming (left side) and picture recognition recognition memory tests. Numbers within green diamonds represent indi-
(right side) tests. Bars represent the standard error of the mean. Significantvidual SD subjects (as ifiable 2 Fig. 1L SD 1 did not participate in this
effects and trends are indicated at the top. experiment).
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Table 2
Mean group psychometric scores and individual SD scores
Test (maximum score) Contrai=14 DAT,n=10 SD,n=6 SD1 SD2 SD3 SD4 SD5 SD6
Boston naming (60) 58 (3.7) 484 (11.0) 148 (11.7) 5 6 8 16 36 18
Animal fluency 222 (4.3) 143 (4.6) 57 (2.0) 7 8 5 3 7 4
AMNART (45) 334 (6.8) 320 (4.1) 118 (8.8) 0 5 7 11 27 9
Category fluency 82 (15.4) 584 (20.5) 190 (7.1) na na 24 14 36 na
Synonym judgment (96) 89 (5.0) 868 (6.3) 660 (14.2) na 55 61 na 82 na
Word-to-picture matching (64) 63(0.4) 628 (1.5) 443 (17.5) 13 57 50 42 63 41
Picture sort (128) 126 (1.7) 1242 (2.8) 1166 (16.1) 116 110 118 118 121 na
Pyramids and palm trees

Pictures (52) 50 (1.1) 498 (2.0) 388 (8.7) 26 48 36 35 49 39
Cookie theft picture (6) B(0.3) 59(0.2) 59 (0.1) 6 6 58 6 6 6
Auditory comprehension (15) 191(0.3) 148 (0.5) 123 (1.5) 10 11 14 12 12 14
Benton copy (10) 2 (1.8) 83(3.5) 98 (0.4) 10 9 10 10 10 10
WAIS block design (48) 2% (9.0) 239 (13.0) 272 (10.4) 28 20 44 18 30 24
Raven’s matrices (36) 3B (5.2) 236 (5.8) 302 (3.1) 32 31 34 29 25 30
VOSP

Screening test (20) 19(.0.8) 195 (0.7) 190 (1.8) na 16 20 20 20 20

Dot counting (10) % (0.7) 99 (0.3) 100 (0.0) na 10 10 10 10 10

Position discrimination (20) 19 (2.8) 199 (0.3) 200 (0.0) na 20 20 20 20 20

Number location (10) g (0.6) 94 (0.7) 85 (0.9) na 7 9 9 9 9

Cube analysis (10) .9 (0.6) 89 (1.0) 90 (1.0) na 9 10 9 8 10
Digit span

Forward 66 (1.2) 57 (1.1) 62 (0.8) 7 5 7 6 6 6

Backward 51 (1.0) 38(1.6) 43 (0.8) 4 4 6 4 4 4
WAIS digit symbol (90) 40 (9.3) 318 (16.9) 398 (1.3) 41 39 41 39 38 41
Trails A (180) 362 (11.9) 619 (44.8) 478 (13.1) 58 38 37 65 34 55
Trails B (180) 1082 (37.8) 1448 (44.8) 1220 (25.7) 144 115 85 114 158 116
Picture naming (64) 66 (1.6) 581 (3.3) 250 (13.6) na 20 16 22 49 18
Picture recognition memory (32) 25(1.6) 242 (5.7) 286 (2.9) na 30 31 26 31 26

Notes: Standard deviations are in parentheses. AMNART: American Version of Nelson Adult Reading Test; Raven’s Matrices: Raven’s ColoragProgressi
Matrices; VOSP: Visual Object and Space Perception battery; na: not available.

98%). Therefore no formal analyses of accuracy data werelength effect, F1,26)=13.72, P<0.01, a frequency by

undertaken. group interaction, F2 26)=4.41, P<0.05, a length by
group interactionf(2,26)=5.98,P<0.01, and a frequency
4.4. Frequency and length effects by length by group interactionF( 26)=4.61, P<0.05.

The frequency by length interaction was not significant,

In order to explore possible frequency and length effects P>0.19.
on naming latencies, words were sorted into 104 short (3, 4
letters,M =3.80) and 59 long (5, 6 letter8)=5.26) cat- 4.5, Healthy older adults versus individuals with DAT
egories. Next, a median split was computed for the short
words and was used to sort words into high £278.3; The results from this analysis indicated that high-
N=52) and low 1 = 28.6;N=52) frequency group¥icera frequency words were responded to in less time than low-
& Francis, 1967. The median frequency value used to cate- frequency wordsfF(,21y=7.57, P<0.05. Individuals with
gorize short words was then applied to long words resulting DAT were slower to respond than healthy older adults, but the
in high M=210.7;N=27) and low M =20.9;N=232) fre- effect of group only approached significanég, 21)=3.18,
quency groups. Separate ANOVAs conducted on frequencyP =0.089. No other effects were significant, 8% >0.27.
and length values for the items used in the experiment in-
dicated that high-frequency words were more frequent than
low-frequency wordsF(1,159)=37.46,P<0.01, and longer
words were longer than shorter wordsy 159)=395.80,
P<0.01. No other tests were significant, Bl >0.29, in-

Table 3
Mean group reading latencies split by frequency and length (standard devi-
ations in parentheses)

dicating that frequency and length were orthogonal factors. croup Low-frequency High-frequency
Table 3 presents the mean group latencies for the Short Long Short Long

naming experiment. The ANOVA involving the three Control @=14) 674 (99) 690 (113) 664 (96) 665 (107)

groups revealed a main effect of groupz26)=3.54, DAT (n=9) 813(251)  820(258)  793(249)  803(263)

P<0.05, a frequency effectF; 26=23.05, P<0.01, a  >>0=6) 888(176) 941(202) 800(109) 894(173)




840 B.T. Gold et al. / Neuropsychologia 43 (2005) 833—846

4.6. Healthy older adults versus individuals with SD p< .05
o p<.05 p< .01
The results from this analysis indicated that individuals
with SD were slower to respond than healthy older adults, - T
F(,18=12.17,P<0.01. In addition, more frequent words ;C’
were responded to in less time than less frequent words, 5 T
F(1,18)=19.79,P<0.01, and shorter words were responded <
to in less time than longer wordB,18)=18.22,P<0.01. £
The frequency effect was significantly larger in SD than in &
controls, F(1,18)=6.90, P<0.05, as was the length effect,
F(1,18=11.60,P<0.01. There was a significant interaction
among frequency, length, and groép, 18y=12.46P < 0.01. [ High R TRT

A simple effects analysis indicated that the frequency by
length by group interaction occurred because, in healthy older B Control [l DAT [ISD

adults, the length effect was larger for low-frequency words,

t(13) =2.36,P<0.05 than high-frequency words< 1, but Fig. 4. Mean percentages of brain volume in left and right hemispheres of
for individuals with SD, the Iength effect was similar for control (blue) DAT (red) and SD (green) groups. Bars represent the standard
both low-frequency wordsysy=2.48,P=0.056, and high- error of the mean.

frequency wordsts) =2.98,P<0.05. est DAT readers, the SD group still showed a significantly

o . o . larger frequency effect than the DAT grouf,10)=5.49,
4.7. Individuals with DAT versus individuals with SD P=0.041,and a margina“y signiﬁcanﬂy |0nger |ength effect,

F(1,100=4.22,P=0.057. There was no group by frequency by
The results of this analysis indicated that more frequent |ength interactionfF < 1.

words were responded to in less time than less frequentwords,
F(1,13)=15.80P <0.01, and shorter words were responded to
in less time than longer wordBy,13)=8.83,P <0.05. Over-

all response times between the SD and DAT groups were not
significantly different. Nevertheless, the SD group showed
a larger frequency effect than the DAT groifjg;,13)=4.97,
P<0.05, and a larger length effed¥(; 13=5.61,P<0.05
than the DAT group. The SD group showed a frequency ef-
fect 3.5 times the size of the DAT (and control) group and a
length effect over eight times the size the DAT (and control)
group. It is important to note that the qualitatively different
pattern obtained in SD cannot be attributable to processing
speedper sebecause there was no main effect of group on
response latencieB,< 1.

4.8. Brain volume

Fig. 4presents results from the automated atrophy assess-
ment expressed as percentage of brain volume, as a function
of group and hemisphere. Group differences in global atro-
phy were not significant (nor were differences in SD and DAT
global atrophyP =0.55). There was a significant effect for
more left hemisphere (LH) atroph¥{ »7)=8.9,P<0.01),
an effect driven by the magnitude of the lateralized atrophy
in the SD group. There was a significant groupemisphere
interaction in atrophy patternd{ »7)=19.7, P<0.0001).
Whereas the SD group showed significantly more atrophy in
To confirm further that the d.isproportional effects of fre- :2@;‘; %?))r;SaItSr'oT);)? Iglt?q ;th?g\z grcz)upp :g?&?_dlzgrjnd
quency and length on SD reading were not the result of 9eN-<hows that DAT and SD groups had similar degrees of LH

erally slower reading, an analysis was conducted comparingt hv. with the SD distinquished by less RH atroph
the SD group with the six slowest readers in the DAT group. alrophy, Wi € >L group distinguished by Tess atrophy.

Table 4presents mean latencies for the SD group and the ) i

DAT subgroup split by frequency and length effects. Overall 4-9- Cortical thickness based on MRI

response times between the SD and the DAT subgroup were . e

not significantly differentF < 1. However, and despite the Fig. Spresents surface maps of cortical thinning compar-

reduced power of this analysis, when compared to the slow-Nd SD and DAT groups. Cortical thinning in the SD group
compared to the DAT group was found on the lateral surface

Table 4 of the left temporal lobe. Significant cortical thinning was
able

Mean reading latencies split by frequency and length for DAT subgroup observed in the left temporal pOIG' A much smaller region

matched on overall response latency with SD group (standard deviations in of thinning in the SD group was fou_nd in the right te_zmpor_al
parentheses) pole. Focal temporal pole atrophy in SD is in keeping with

Group Low-frequency High-frequency results of several other studies which have shown atrophy
focused primarily on anterior temporal lobe in SD, even at
later dementia stage8¢xer et al., 200BMummery et al.,

DAT (n=6) 917(244) 912(268) 900(233) 908 (257) 897 2000. Significant cortical thinning in the DAT group com-
SD(=6) 888(176) 941(202) 800 (109) 894(173) 881 pared to the SD group was found in cinguloparietal cortex bi-

Short Long Short Long Mean RT
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Lateral

Medial

DAT > SD

m
.01 .001

Fig. 5. Group maps of cortical thinning. Surface maps of cortical thinning were generated by assessing the influence of group on thickness (lesimgnan imp
tation of the general linear model) computed at each vertex across the cortical mantle. Maps are presented on the semi-inflated cortical suefeamgeof an a
brain with dark grey regions representing sulci and light grey regions representing gyri. Non-neocortical regions and regions that are netqmatioad th

mantle (such as the corpus collosum and thalamus) have been excluded from the analysis. The colorscale at the bottom represents the sigoffitence level
group thickness difference. Regions with most significant thinning in the SD group compared to the DAT group are represented in yellow and regions with
most significant thinning in the DAT group compared to the SD group are represented in bright blue.

laterally. However, DAT is well-established to involve early temporal pole in lexical/semantic components of reading and
atrophy of medial temporal structures and such atrophy maythat damage to the region correlates with disruption of single
have been missed due to the focus here on the cortex. Foword reading associated with increased reliance on sublex-
this reason, and because reading differences between DATical processes. The discussion below elaborates on these
and control groups were small, we restrict interpretations of findings.
neuroanatomical-reading results to the SD group.
5.1. Early SD and DAT can be differentiated
neuropsychologically
5. Discussion
Our results demonstrate that early SD and DAT (based

Our results demonstrate that SD can be differentiated upon standardize clinical measures and results indicating
neuropsychologically from DAT at very mild-to-mild stages minimal whole-brain atrophy) are distinguishable neuropsy-
of dementia severity. In particular, the large effect sizes in the chologically. Within SD and DAT groups, individuals at sim-
direction of better picture recognition memory than picture ilar levels of mild dementia severity showed varying degrees
naming observed consistently across SD individuals demon-of impairment in specific cognitive domains, particularly
strates that tests of picture naming/recognition memory in degrees of semantic impairment. However, within-group
constitutes one simple, powerful probe for early differen- variance was far outweighed by the distinct neuropsycho-
tiation of SD from DAT. The identification of an early SD logical profiles observed between SD and DAT individuals.
group provided the opportunity to inform models of reading Early in the course of dementia, SD individuals show a
by exploring the influence of isolated lexical semantic striking multi-modal, multi-domain breakdown of semantic
impairment on reading regular words. Results demonstratedknowledge within the context of preserved visuospatial and
differential effects of frequency and length on SD, DAT and attentional-executive functioning. In early DAT, semantic
control group reading of regular words that have implications difficulty tended to be restricted to speeded tests with high
for models of reading. Finally, neuroanatomical results com- executive demands (s@@ble 2 and was accompanied by
bined with disproportional effects of frequency and length deficits in visuospatial and/or general attentional-executive
on SD reading latencies suggest an important role for the left functioning.
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5.2. A picture naming/recognition memory probe can
differentiate early SD from DAT

group showed a frequency effect in reading 3.5 times that of
DAT and control groups and a length effect over eight times
that of DAT and control groups. The finding of increased
The most powerful test for differentiation of early SD and response times in SD and DAT reading compared to those
DAT individuals was a picture naming/recognition memory of a control group, combined with exaggerated effects of fre-
probe. Recent research has observed a double dissociatioquency and length only in SD, reveals clues about potentially
between SD and DAT groups in picture naming and picture different cognitive processes underlying reading in the three
recognition memory, with SD groups showing poorer nam- groups. These potentially different processes are first dis-

ing but better recognition memory than DAT grou@s&ham
et al., 1997, 200QaSimons et al., 2003aSuggestions of
preserved episodic memory for pictures in the context of

cussed with respect to dual-route and connectionist models
and then in terms of SD group atrophy patterns.
The highly focal nature of the cognitive impairment

degraded semantic knowledge have been controversial (c.f.in early SD suggests strongly that their increased naming
Tulving, 200). Our results of a double dissociation in picture latency relates to damaged lexical/semantic components
naming/recognition memory between SD and DAT groups of reading. In particular, all SD subjects showed impaired
replicate the preservation of episodic memory for pictures reading of words with irregular spelling-to-sound correspon-

in SD despite degraded semantic knowledgeaham et al.,
1997, 2000aSimons et al., 2002a, 200Rb

In addition to group differences observed, the important
clinical implications regarding the potential for differential

dences (see AMNART scores ifable 3. Impairment of
irregular word reading has been interpreted as evidence dam-
aged lexical (e.g.Blazely, Coltheart & Casey, in préser
semantic (e.g.Patterson & Hodges, 1992Z2omponents of

diagnosis raised by the Cambridge group’s observations ledreading. With respect to models of reading, the finding of

us to explore the ability of a picture naming/recognition
memory probe to differentiate early SD and DAT individ-

a group by frequency interaction is readily accommodated
within both dual-route and connectionist frameworks. Dual-

uals. Our results demonstrate that a picture naming/pictureroute models (e.gColtheart, 1978; Coltheart et al., 2001

recognition memory probe consistently differentiates SD
individuals from both DAT and control (healthy older) indi-
viduals. As can be seen Fig. 3, all SD individuals showed

a large effect size of at least 20% points in the direction
of better performance in recognition memory than naming,
separating them clearly from DAT and control subjects. By
contrast, while all DAT individuals showed superior naming
compared to recognition memory, four showed naming
scores within 5% points of their recognition memory scores,
similar to control individuals. These results suggest that a pic-
ture naming/recognition memory probe is an important tool
in early differentiation of SD from DAT but less sensitive to
early differentiation of DAT from healthy older individuals.

5.3. Regular word reading is prolonged in early SD and
DAT

The identification of an early SD group provided the op-
portunity to inform models of reading by exploring the in-
fluence of isolated lexical semantic impairment on reading
regular words. Reading of regular words was highly accu-

propose that words are read aloud via two processing routes.
A lexical route maps orthographic strings directly onto
lexical representations, where corresponding pronunciations
are stored. In addition, a sublexical route translates print into
sound serially via the application of grapheme-to-phoneme
correspondence rules. The degradation of lexical representa-
tions in SD affects the efficiency of the lexical route. Within

a dual-route account, disproportional frequency effects ob-
served can be explained as a consequence of disproportionate
loss of low-frequency words in the lexical route. A large
body of data indicates that reading of low-frequency words
are affected prior to high-frequency words in cases of lexi-
cal/semantic impairmentold & Kertesz, 2000Schwartz,
Saffran, & Marin, 1980 Warrington, 197%h Connectionist
models (e.g.Plaut, McClelland, Seidenberg, & Patterson,
1996 Seidenberg & McClelland, 198%an also explain

the group by frequency interaction. Connectionist models
propose that reading aloud is accomplished via a network
of simple processing units that learns associations between
inputs (i.e., orthography) and outputs (i.e., phonology).
In addition, a semantic level interacts with orthographic

rate in both patient groups, consistent with previous results and phonological levels. Here, a larger frequency effect

with SD (Patterson & Hodges, 1992nd DAT (Balota &
Ferraro, 1993 Patterson et al., 1994a, 1994lHowever,

in SD would result from damage to the semantic system.
Due to graceful degradationBéchtel & Abrahamsen,

the present findings demonstrate that accurate translation 0fl991), low-frequency words would be more disrupted in

orthography-to-phonology of regular words requires a cost
in processing speed in both early SD and DAT.
Turning to differential effects of lexical and sublexical

early-stage SD than high-frequency words. In other words,
high-frequency words would receive a boost from semantics
that would be less likely for low-frequency words, and this

variables on reading, we began by asking whether relatively would produce an exaggerated frequency effect.

graded effects might emerge between groups. Interestingly,

Unlike the group by frequency interaction, the group by

although such effects did not emerge between SD and DAT length interaction is more easily accommodated within dual-
groups in overall latency, only the SD group showed dispro- route than connectionist models. According to the dual-route
portional effects of frequency and length on reading: The SD model, the large-scale damage incurred by the lexical route
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in SD should lead to increased reliance on sublexical pro- be better able to accommodate the disproportional length ef-
cesses and resulting disproportional increases in latencies orfiect observed in SD reading of regular words.
longer words. Because the sublexical route is a serial pro-
cessor, longer words should require more processing time5.4. Neuroanatomical correlates of abnormal reading in
than shorter words. For words with regular spelling-to-sound SD and DAT
correspondences (such as those used here) the two routes
arrive at the same pronunciation. Thus, the sublexical route  Asexpected from previous results comparing SD and DAT
would be expected to output accurate but slower pronunci- brain (Chan etal., 200XGalton et al., 2001a, 2001and grey
ation. This is exactly what happened. Interestingly, there is matter Boxer et al., 2003Mummery et al., 2000volumes,
evidence of greater effects of length in reading pseudowordssignificant cortical thinning in the SD group compared to
than words in normal readerg/éekes, 1997 This may be the DAT (and control) group was observed in the left tem-
directly relevant to SD individuals, for whom the degree of poral pole. Unlike previous results, however, the present SD
lexical semantic impairment may render word reading some- group showed atrophy restricted largely to left temporal pole,
what analogousto pseudoword reading in normals. Unlike the likely as a result of the mild dementia severity of the present
SD group, the DAT group was not more influenced by length sample. Direct contrast between the left and right hemisphere
than control group. This would fit with the greater retention volumes in the SD group revealed a significant effect of later-
of lexical semantics in DAT compared to SD. In addition, alization. The relatively focal atrophy pattern in SD suggests
mild attentional-executive impairment in early DAT is likely that damage to anterior temporal cortex can be associated
to contribute to their increased reading latencies relative to with disruption of regular word reading and allows us to con-
the control groupBalota & Faust, 2001Balota & Ferraro, sider the impact of damage to this region on reading. We
1993, 1996Paap & Noel, 1991 Connectionist models have note that it is also possible that other regions contribute to
a more difficult time accounting for the increased length ef- the behavioral pattern observed but were not identified in the
fect observed in SD latencies because they do not contain goresent analyses. For discussion, we focus on the prominent
serial processing component. Rather, orthographic, phono-difference in the left temporal pole.
logical and semantic components of words are processed in  The temporal pole has not typically been thought to play
parallel. Because the short and long words employed in thea significant role in normal reading. The modern neurolog-
present study did not differ in terms of frequency, it is not ical model of reading suggested three critical regions: left
clear how a connectionist model could predict that damage occipital cortex, involved in visual processing, left lateral
to semantics differentially would affect short and long words. parietotemporal cortex, involved in phonological and seman-
It should be noted that simulations Blaut et al. (1996, seep. tic coding, and a left inferior frontal cortex involved in the
85)indicate that length actually does produce areliable effect arranging of speech codes for output, and for output itself
the model’s settling times. However, this effect is relatively (Geshwind, 196b Subsequent cognitive neuropsychologi-
small (0.8%). cal investigations suggested the involvement of additional
One specific connectionist theory, which can account for regions in single word reading. For example, neuroanatom-
length effects in the context of semantic impairment is the ical localization in surface dyslexia has most frequently re-
“semantic glue” hypothesi®atterson & Hodges, 1992'he ported damage to posterior superior/middle temporal gyriand
theory holds that, in normal readers, the existence of a semanunderlying white matter, suggesting the importance of pos-
tic representation corresponding to a pronunciation can serveterior temporal lobe in lexical/semantic components of read-
to reinforce the correct response because an intact semantiing (Patterson, Marshall, & Coltheart, 198%ore recently,
representation reinforces the binding (“glue”) thoughtto hold surface dyslexia has been reported in SD subjects showing
together phonological units for production. When insufficient atrophy focused primarily on the left temporal pole, and this
residual word meaning is available, phonological elements has been interpreted as evidence that the region is impor-
of a response become “unglued” and pronunciation must betantly involved in semantic components of readi@ggham
assembled from constituent elements, resulting in relatively et al., 1994, 2000tHodges et al., 199%atterson & Hodges,
longer reading latencies. The semantic glue theory is well 1992.
suited to explain poor reading of irregular words in cases of By contrast, less evidence exists that the temporal pole
semantic impairment because the strong weights on connec<ontributes to components of reading which do not stress se-
tions between orthography and phonology (stemming from mantics. First, SD patients with temporal pole atrophy and
the relative prevalence of regular spelling-to-sound corre- surface dyslexia have tended to show relatively accurate read-
spondences) may operate without semantic constraint, leading of words with regular spelling-to-sound correspondences
ing to regularization errors. However, it is less clear how (Graham et al., 200Q0kHodges et al., 1992Patterson &
the theory could account for the present group by length in- Hodges, 199 although impairment of regular word reading
teraction in latencies observed with regular words. Becausehas been reported in some SD patie@sham et al., 1994
the dual-route model makes relatively stronger predictions Second, functional neuroimaging studies of single word read-
about the influence of length, and in particular the influence ing (usually involving both regular and irregular words) have
oflengthwhen the lexical route is disrupted, we believe itmay not tended to report prominent activation of temporal pole,
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although activation of a number of anatomically proximal Patterson & Kay, 1982 In terms of phonological reading
structures in left lateral temporal cortex have been reported processes, the complete absence of reading errors in our
including the superior, middle and inferior temporal gyri, de- early SD group, in the context of the severe lexical seman-
pending upon the studyiez, Balota, Raichle, & Petersen, tic impairment, suggests that the left temporal pole is not
1999 Howard et al., 1992Petersen, Fox, Posner, Mintun, & critically involved in deriving sound from visual words sub-
Raichle, 1989Price, Moore, Frackowiak, 199€ugh et al., lexically. Taken together, the present data suggest a role
2000; Shaywitz et al., 2002 for the left temporal pole in lexical/semantic components
The present findings of highly accurate reading in an of reading and demonstrate that cortical differences in this
SD group with focal thinning of temporal pole cortex in is region associate with reliance on sublexical components of
in-line with a view that integrity of the left temporal pole reading.
does not appear strictly necessary for reading single regular
words. However, the focal thinning of temporal cortex and
disproportional influence of frequency and length on SD 6. Conclusions
reading latencies for regular words suggests a role for the
temporal pole in some component of regular word reading.  In conclusion, SD can be differentiated from DAT at
Considered together, the present results suggest that the lefinild dementia stages. While clinical overlap exists, the char-
temporal pole is importantly involved in lexical/semantic, acteristic profile of relatively isolated multi-modal, multi-
but not orthographic or phonological, components of single domain breakdown of semantic knowledge appears early
word reading. The disproportional effects of frequency in the course of SD, distinguishing it from DAT. The pat-
on SD latencies suggests that the left temporal pole rep-tern of SD and DAT scores on picture naming and picture
resents a gateway to a lexical/semantic system that isrecognition memory tests suggest that these measures rep-
particularly important for establishing the pronunciation of resent a simple, powerful probe for early differentiation of
low-frequency regular (in addition to irregular) words. Such SD from DAT. In terms of reading, the relative influence of
a system may typically serve to stabilize pronunciation of lexical and sublexical variables on group latencies is accom-
low-frequency words, which have weaker phonologically modated by dual-route models of reading and raises a chal-
based lexical representations than high-frequency words, dudenge for most connectionist models. Finally, results of dis-
to less experience with their orthographic-to-phonological proportional influence of frequency and length on SD reading
transformations. Damage to a brain region associated withcombined with cortical thinning in the left temporal pole sug-
lexical/semantic components of reading would be expectedgest a role for the region in lexical/semantic components of
to resultin disproportional effects of length on reading laten- reading and demonstrate that differences in the left tempo-
cies because it would increase reliance on serial, sublexicalral pole associate with reliance on sublexical components of
components of reading, and this is what resulted in the SD reading.
group. In general agreement with a role for left temporal pole
in lexical/semantic components of reading, several functional
neuroimaging studies have reported prominent activation of Acknowledgements
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