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Abstract

Background: Posterior cortical atrophy (PCA) is an atypical variant of Alzheimer’s disease 

(AD) that presents with visuospatial/perceptual deficits. PCA is characterized by atrophy in 

posterior brain regions which overlaps with atrophy occurring in logopenic primary progressive 

aphasia (lvPPA), another atypical AD variant characterized by language difficulties, including 

phonological errors. Language abnormalities have been observed in PCA, although the prevalence 

of phonological errors is unknown. We aimed to compare the frequency and severity of 

phonological errors in PCA and lvPPA, and determine the neuroanatomical correlates of 

phonologic errors and language abnormalities in PCA.

Methods: The presence and number of phonological errors was recorded during the Boston 

Naming Test and Western Aphasia Battery repetition subtest in 27 PCA patients and 27 age 

and disease duration-matched lvPPA patients. Number of phonological errors, and scores from 

language tests, were correlated with regional grey matter volumes using Spearman correlations.

Results: Phonological errors were evident in 55% of PCA patients and 70% of lvPPA patients, 

with lvPPA having higher average number of errors. Phonological errors in PCA correlated 

with decreased left inferior parietal and lateral temporal volume. Naming and fluency were also 

associated with decreased left lateral temporal lobe volume.
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Conclusions: Phonological errors are common in PCA, although they are not as prevalent 

or severe as in lvPPA, and they are related to involvement of left temporoparietal cortex. This 

highlights the broad spectrum of clinical symptoms associated with AD and overlap between PCA 

and lvPPA.
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Introduction

Posterior cortical atrophy (PCA) is a progressive neurodegenerative disease characterized 

by decline in visuospatial and visuoperceptual skills[1-4] that impact activities of daily 

living[5]. These deficits are often accompanied by some or all features of Balint’s or 

Gerstmann’s syndromes, including optic ataxia, oculomotor apraxia, alexia, dysgraphia 

or agraphia, finger agnosia, and left-right disorientation[1, 6, 2-4]. Most patients with 

PCA have Alzheimer’s disease (AD) at autopsy and, hence, PCA is often considered an 

atypical variant of AD. Neuroimaging studies have shown that PCA is associated with brain 

atrophy, hypometabolism and tau uptake on positron emission tomography (PET) in the 

parieto-occipital and posterior temporal regions, as well as language associated areas such 

as the angular and supramarginal gyri[7-9]. Atrophy tends to involve both hemispheres but 

often affects the right more than the left[7]. The primary regions of neurodegeneration in 

PCA are distinct but overlap significantly with those of another atypical AD variant, the 

logopenic variant of primary progressive aphasia (lvPPA)[10] which shows involvement of 

left lateral temporoparietal cortices[11-14].

The clinical presentation of lvPPA differs from PCA, as it is characterized by progressively 

worsening language difficulties, including difficulties with single-word retrieval and phrase 

and sentence repetition[15, 16, 10, 17]. In addition, although phonological errors are not 

required for a diagnosis of lvPPA, the majority of descriptions include phonological errors 

as a primary characteristic of this disorder[15, 18-20]. Phonological errors consist of the 

omission, addition, substitution, and metathesis (switching, transposition) of phonemes 

(discrete sound units) that are not distorted in production[11, 21, 20]. Phonological errors in 

lvPPA have been associated with degeneration of the left inferior parietal and supramarginal 

gyri[22], regions affected in PCA and lvPPA.

A few studies have mentioned impaired language abilities in PCA[23-25]. Two of the 

earliest descriptions of PCA describe these language impairments as ‘transcortical sensory 

aphasia’ that develop with disease progression, with patients having difficulty with word­

finding (anomia) and some additional deficits in speech comprehension[1, 23]. More 

recently, studies have shown that anomia is quite prominent in PCA patients, along with 

other language deficits that are typical of the lvPPA-like difficulties with phrase or sentence 

repetitions[24, 25]. Phonological errors in reading have been observed in one patient[26]. 

In fact, PCA patients can have all of the clinical features of lvPPA[27]. Little, however, is 

known about phonological errors in PCA, including how commonly they occur and whether 

they relate to degeneration of specific brain regions.
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We aimed to determine the frequency and neuroanatomical correlates of phonological 

errors in PCA, as well as the neuroanatomical correlates of other language deficits in 

PCA. A better understanding of language abnormalities in PCA is important for improved 

characterization of this syndrome and the clinical heterogeneity present in AD. Our 

hypothesis was that phonologic errors would be observed in PCA patients and would be 

associated with atrophy of the posterior temporal and inferior parietal regions.

Materials and Methods

Patients

Twenty-seven PCA participants were recruited by the Neurodegenerative Research Group 

(NRG) from the Mayo Clinic Department of Neurology into an Alzheimer’s Association 

funded study between March 2013 and March 2015. All participants met clinical criteria for 

PCA[28] and underwent detailed neurological (KAJ) and neuropsychological evaluations, as 

well as volumetric MRI and beta-amyloid PET using Pittsburgh Compound B. The Western 

Aphasia Battery (WAB) fluency and repetition subtests[29], and the 15-item Boston Naming 

Test (BNT)[30] were audio recorded and used to assess language function. All PCA patients 

were classified as amyloid-positive on PET based on criteria previously described[31].

The 27 PCA participants were matched by age and disease duration to 27 lvPPA 

participants who were also recruited by NRG. All underwent speech-language evaluation 

by a speech-language pathologist (JRD or EAS) and met clinical criteria for lvPPA[10]. 

The speech-language evaluation included the WAB and the BNT, and video recordings 

were obtained of the entire speech-language evaluation. A thorough neurological (KAJ) 

and neuropsychological battery was also performed. This study was approved by the Mayo 

Clinic IRB and all patients provided informed consent to participate in the study.

Phonological error analysis

Speech responses during the BNT and the WAB repetition task were evaluated for 

phonological errors by a trained phonetician (KAT) for the 54 PCA and lvPPA patients. 

These tasks were chosen for evaluation of phonological errors because it has been previously 

shown that phonological errors typically occur most frequently during repetition and naming 

tasks[15, 32, 21, 33, 20]. This evaluation was done offline based on the audio/video 

recordings that were made at the time of testing. Phonological errors were defined as above, 

by any phoneme omission, addition, substitution, or transposition, following the methods set 

forth by Petroi et al. [20]. They were transcribed using the International Phonetic Alphabet 

(IPA)[34]. Phonological errors that were later repaired were still included as errors. The total 

number of phonological errors for each participant was summed across the two tasks.

MRI analysis

All participants underwent a 3T head MRI protocol that included a magnetization prepared 

rapid gradient echo (MPRAGE) sequence (TR/TE/TI, 2300/3/900ms; flip angle 8°, 26-cm 

field of view (FOV); 256×256 in-plane matrix with a phase FOV=0.94, slice thickness=1.2 

mm). Regional grey matter volumes were calculated for left and right lateral temporal 

lobe (inferior+middle+superior temporal gyri), inferior parietal lobe, superior parietal 
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lobe, supramarginal gyrus, angular gyrus, and occipital lobe (inferior occipital, middle 

occipital, superior occipital, lingual, and cuneus regions) using the Mayo Clinic Adult 

Lifespan Template (MCALT) (https://www.nitrc.org/projects/mcalt/) atlases. These regions 

were selected because they are typically atrophic in PCA and have been implicated in 

phonological errors in lvPPA[22]. The MCALT atlases were propagated to the native 

MPRAGE space using ANTs. Tissue probabilities were determined for each MPRAGE 

using Unified Segmentation in SPM12, with MCALT tissue priors and settings. Total 

intracranial volume (TIV) was also calculated and all regional volumes were divided by 

TIV to correct for variations in head size.

Statistics

All statistics were performed in R[35] using the integrated development environment 

RStudio[36]. Two sample t-tests were used to compare PCA and lvPPA across variables; p­

values were corrected for multiple comparisons using false discovery rate (FDR) correction. 

Spearman rank correlations were performed to assess correlations between regional volumes 

and phonological errors, WAB fluency, BNT, and WAB repetition scores in the PCA group. 

P-values were, again, corrected for multiple comparisons using FDR correction.

Results

Demographics

PCA and lvPPA did not differ in age, sex, disease duration, or frequency of phonological 

errors (Table 1). The lvPPA participants performed significantly worse on BNT, WAB 

repetition, WAB fluency, and had a greater number of total phonological errors. The PCA 

patients performed worse on visuospatial/perceptual tests.

Neuroimaging

PCA showed greater atrophy than lvPPA throughout the right hemisphere, particularly in 

superior and inferior parietal, angular, supramarginal, temporal, and occipital regions (Table 

2). PCA also showed decreased cortical volumes in left superior parietal and occipital 

regions compared to lvPPA.

Results of the correlation analyses in PCA participants can be seen in Table 3 and Figure 1. 

Phonological errors correlated with left inferior parietal (rs=−0.60, p=0.001) and left lateral 

temporal (rs=−60, p=0.001) volume, such that smaller volume was associated with more 

phonological errors in PCA. After correction for multiple comparisons, both correlations 

remained significant (p=0.03, p=0.03, respectively). Additionally, left supramarginal 

(rs=−0.49, p=0.01) and left occipital (rs=−0.48, p=0.01) volume also correlated with number 

of phonological errors, but this result did not withstand FDR correction.

WAB fluency showed a strong correlation with left lateral temporal lobe volume (rs=0.56, 

p=0.001), which remained significant after FDR correction (p=0.03). The WAB repetition 

sub-test correlated with left occipital lobe volume (rs=0.39, p=0.048), but this finding did not 

remain after FDR correction. The BNT correlated with left occipital (rs=0.56, p=0.003) and 
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left lateral temporal volume (rs=0.62, p=0.002), with both remaining significant after FDR 

correction (p=0.03, p=0.048, respectively).

Discussion

Although the most prominent clinical symptoms of PCA include visuospatial/perceptual 

impairments, this study shows that phonological deficits in spoken language production, 

typically associated with lvPPA, can also be a characteristic of this disorder, occurring in 

approximately 50% of patients. The severity of phonological errors was associated with 

volume loss in the left inferior parietal and lateral temporal lobe in PCA; the lateral temporal 

lobe was also associated with poorer performance on other language tasks.

Language production of the PCA patients revealed phonological errors in the BNT and WAB 

repetition tasks, which are both tasks that highlight phonological deficits in individuals with 

lvPPA[15, 20]. One error observed in the speech of PCA participants was sound deletion 

in the form of cluster simplification. When there are two adjacent consonants within a 

syllable, they form an onset cluster (e.g., “brick”), but when only one of these consonants 

is produced, the cluster is simplified. Several PCA patients produced the words “freshly” 

as “feshly” and “globe” as “gobe”, omitting the second consonant in the cluster, thus 

simplifying the onset clusters to singleton onsets. Another type of linguistic simplification 

that was observed was sound substitution. Specifically, sounds that were replaced tended 

to be replaced by coronal sounds, which are sounds in which the tongue is in contact 

with the alveolar ridge (e.g., /t, d, s, z/); this is called “coronalization” and is a form 

of linguistic simplification because coronal sounds are believed to be the least complex 

sounds[37, 38]. Examples from the present data include utterances like saying “hart” instead 

of “harp”, “estalator” in place of “escalator”, and “the pastry took” rather than “the pastry 

cook”, where /t/ replaces /p/ in the word “harp” and /k/ in the words “cook” and “escalator”, 

respectively.

The PCA participants’ language samples from the BNT and WAB-repetition tasks also 

included phonological errors of metathesis and consonant harmony. Metathesis is a process 

in which two sounds are transposed or replace each other within a word, such as saying 

“tressil” instead of “trellis” or “tedergent” instead of “detergent”. Consonant harmony, 

on the other hand, is a process of phonological assimilation whereby one consonant 

adopts the place features (i.e., the place of articulation of the consonant) of another 

consonant within the syllable or word. One such example was the production of the word 

“telephone” as “Telephone”: the initial /t/ adopted the labial place feature of the following /f/ 

(orthographically “ph”).

The types of phonological errors produced by PCA participants were the same as those 

produced by lvPPA participants. Although not all of these are examples of phonological 

simplification, they all exhibit phonological patterns that are also observed in child language 

acquisition data[39-44]. It is generally assumed that as children develop their phonological 

grammars, they acquire phonological complexity gradually[45], and as this knowledge of 

phonological complexity increases, the occurrence of these phonological errors decreases. 

Phonological errors in the speech of individuals affected by neurodegeneration may reflect 
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a decrease in phonological performance that fades in the inverse order that children learning 

language acquire the same knowledge.

The data presented in this study support claims made by other authors that phonological 

errors in language production are associated with decreased cortical volume in left temporal 

and inferior parietal regions[11, 33, 20]. This was evidenced by the significant correlations 

between severity of phonological errors and these regions in PCA. The left temporoparietal 

regions are not typically the most affected regions in PCA, but they become affected during 

the disease and in our cohort were affected to a similar degree as in lvPPA. While we did 

not find that the frequency of phonological errors differed statistically between PCA and 

lvPPA, they were somewhat more common in lvPPA, occurring in 70% of patients, and the 

lvPPA patients produced more errors compared to the PCA patients. The lvPPA patients also 

performed worse on sentence repetition, naming and fluency tasks. This could suggest that 

more than just the degree of volume loss of the left temporoparietal cortex contributes to 

phonological errors and language dysfunction in lvPPA. Reduced connectivity within and 

between specific brain networks, such as the language and working memory networks, may 

be an important factor[46 , 17].

We also observed significant correlations between language measures including WAB 

fluency and BNT and the left lateral temporal lobe in PCA. Previous studies have similarly 

associated naming with degeneration of the left temporal lobe[47-49]. Interestingly, 

however, BNT scores also correlated with left occipital volume in PCA. Although the 

BNT is a test used to measure language and object naming abilities, it relies heavily 

on visual processing to be able to identify the objects shown in the pictures. Thus, 

decreased performance on this task in PCA participants may be a result of visual processing 

abnormalities more so than linguistic abnormalities. Nonetheless, the PCA participants still 

show evidence of phonological errors like lvPPA in other language production tasks whose 

results are not complicated by the need for visual processing. Performance on the fluency 

subtest of the WAB also correlated with volume of the left lateral temporal lobe in PCA, 

possibly reflecting subtle dysfluency in speech due to word finding pauses, as there were no 

signs of agrammatism.

Strengths of this study include the relatively large sample size and the fact that the 

PCA and lvPPA groups were age and disease duration-matched. A limitation is that the 

speech samples for the PCA cohort were limited to speech produced during the BNT 

and WAB-repetition sub-test. Uniform samples of spontaneous language production, such 

as that produced in the WAB picture description task, were not available across cohorts. 

Nonetheless, the BNT and WAB-repetition tests have been shown to be tests in which 

phonological errors are present[15, 20], allowing us to directly compare performance and the 

frequency of phonological errors on these tasks between groups.

In summary, we show that phonological errors are common in PCA. Although the language 

deficits of PCA are notably less than those of lvPPA, the presence of phonological errors 

in repetition and naming tasks is not exclusively a characteristic of lvPPA but can also 

be present in PCA when the cortical structures associated with phonological processing 

are affected, namely the left temporoparietal regions. These findings add to the clinical 
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characterization of PCA and demonstrate clinical overlap between these two atypical AD 

syndromes.
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Figure 1: 
Scatter-plots showing the relationship between regional volumes and phonological errors, 

fluency and Boston Naming Test (BNT).
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Table 1:

Demographic and language measures in PCA and lvPPA

PCA lvPPA p-value FDR corrected
p-value

Age at assessment, years 64 (58, 70) 68 (62, 72) 0.18 0.23

Gender (% female) 48% 38% 0.49 0.49

Disease duration, years 4 (3, 7) 4 (3, 5) 0.1 0.14

Phonological errors (yes/no) 55% 70% 0.2 0.24

BNT (/15) 13 (11, 14) 7 (4.25, 11.75) 0.00005 0.0002

WAB repetition (/100) 92 (90, 98) 77 (66.5, 88.5) 0.00004 0.0002

Fluency score (/10) 10 (9, 10) 8 (6.5, 8.75) 0.00001 0.0001

Number of phonological errors 2 (1, 3) 5 (2, 6.5) 0.002 0.003

MoCA, /30 20 (12, 21) 17 (10.5, 20) 0.48 0.49

CDR sum of boxes, /18 3 (2, 6.75) 3 (1.5, 4) 0.04 0.07

VOSP cubes, /10 2 (1, 5) 8.5 (5.25, 10) 0.0004 0.001

VOSP letters, /20 12 (5.5, 16) 19 (18, 20) 0.001 0.002

Data shown as median (inter-quartile range). BNT – Boston Naming Test; WAB – Western Aphasia Battery; MoCA – Montreal Cognitive 
Assessment; CDR – Clinical Dementia Rating; VOSP – Visual Object and Space Perception

Dement Geriatr Cogn Disord. Author manuscript; available in PMC 2022 July 16.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tetzloff et al. Page 12

Table 2:

Regional grey matter volumes in PCA and lvPPA

Region of Interest PCA lvPPA p-value FDR
corrected

Inferior Parietal L 0.14 (0.12, 0.15) 0.13 (0.11, 0.16) 0.84 0.84

R 0.17 (0.14, 0.19) 0.21 (0.19, 0.23) 0.001 0.003

Superior Parietal L 0.30 (0.27, 0.33) 0.38 (0.32, 0.40) 0.008 0.01

R 0.27 (0.25, 0.30) 0.36 (0.31, 0.39) <0.0001 <0.0001

Angular Gyrus L 0.21 (0.16, 0.26) 0.21 (0.18, 0.25) 0.47 0.54

R 0.24 (0.22, 0.30) 0.33 (0.28, 0.38) 0.0009 0.002

Supramarginal Gyrus L 0.29 (0.26, 0.32) 0.29 (0.26, 0.34) 0.66 0.70

R 0.25 (0.22, 0.26) 0.31 (0.27, 0.33) <0.0001 <0.0001

Lateral Temporal L 2.96 (2.78, 3.14) 2.72 (2.58, 3.04) 0.10 0.15

R 2.92 (2.74, 3.10) 3.15 (2.85, 3.46) 0.01 0.02

Occipital L 1.72 (1.59, 1.90) 2.02 (1.93, 2.22) <0.0001 0.0002

R 1.56 (1.42, 1.69) 2.03 (1.85, 2.20) <0.0001 <0.0001
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