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ABSTRACT

Introduction: The non-semantic variants of primary progressive aphasia (PPA), 
the non-fluent (nfvPPA) and the logopenic variant (lvPPA), are characterised 
by expressive language deficits and heterogeneous disease trajectories, 
making differential diagnosis and prognosis challenging. New acoustic 
measures of apraxia of speech (AOS), a motor speech impairment underlying 
nfvPPA, have showed promise to differentiate nfvPPA and lvPPA. This study 
investigates these acoustic measures in non-semantic PPA and its associations 
with underlying white matter atrophy patterns, with disease progression. 
Methods: Seventy-two non-semantic PPA patients (36 nfvPPA and 36 lvPPA) 
were matched to 36 healthy controls. Participants underwent annual language 
and high-resolution MRI assessments (median = 2 years; range 1-4 years). The 
pairwise variability index (PVI) and word duration was calculated to 
determine the presence of AOS. Novel fixel-based analyses examined 
atrophy in white matter integrity and its associations with AOS.
Results: Changes in the PVI were observed to be the only acoustic speech 
measure specific to nfvPPA both at baseline and over time. In nfvPPA, baseline 
white matter atrophy was observed in a bundle of white matter fibres at the 
intersect of the corpus callosum, left superior longitudinal fasciculus and motor 
cortex. In lvPPA, atrophy was seen in the left inferior longitudinal fasciculus 
and a subcortical tract near the thalamus. Specifically weak-strong PVI was 
strongly associated to the corticobulbar tracts bilaterally in nfvPPA. 
Conclusion: Our findings highlight the PVI as a sensitive measure of AOS in 
nfvPPA, and the role of white matter degeneration for staging language 
impairments in non-semantic PPA. 
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This study aims to investigate the 
relationship between white matter 
atrophy and speech measures in non-
semantic PPA.

BACKGROUND

The network 
degeneration 
hypothesis1 suggests:

White matter atrophy 
precedes grey matter 
atrophy
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Figure 1. Chronological biomarkers in a neurodegenerative disease2



METHODS

36 nfvPPA
36 lvPPA
36 healthy controls

Sydney Language Battery repetition subtest:
1. Weak-strong e.g. dinosaur, cardigan
2. Strong-weak e.g. banana, potato

Fixel-based analysis was 
conducted as it can 
visualise crossing white 
matter fibre.

SPEECH ASSESSMENT

NEUROIMAGING ASSESSMENT

• PVI =      coordination & equal stress

• word duration =     speech rate

Figure 2. White matter 
integrity can be reduced 

due to fibre density, cross-
section or a combination3

Figure 3. Difference in white 
matter visualisation between 
voxels for diffusion tensor 
imaging (Box D) and fixels in 
diffusion weighted imaging 
(Box E)4



LONGITUDINAL SPEECH MEASURES 

 

RESULTS

* * * *

Between group comparisons displayed:

Longer word duration with a significant difference 
for the strong-weak stress type in nfvPPA.

Figure 4. Comparison of word duration for two stress types between non-
semantic PPA 

Figure 5. Comparison of PVI for two stress types between non-semantic 
PPA 

*
*

*

*
*

NfvPPA had a lower PVI score with a significant 
difference for the weak-strong stress type. 
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BASELINE BRAIN-BEHAVIOUR CORRELATIONS

 

Figure 8. FDC reduction found in nfvPPA but not in lvPPA

RESULTS

lvPPA
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FWE p-value < 0.05
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Correlations for weak-strong PVI:

HC > nfvPPA

FDC

WHITE MATTER ATROPHY: disease groups vs HC

FWE p-value < 0.05
Figure 6. FDC reduction found in motor cortex, corpus callosum and left 
superior longitudinal fasciulus of nfvPPA

FWE p-value < 0.05

FDC

HC > lvPPA

Figure 7. FDC reduction 
found in left medial and 
lateral tracts of inferior 
longitudinal fasciculus 
and a subcortical tract 
near the thalamus
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KEY FINDINGS

IMPACT 

1. Accurate differential diagnosis 
between the non-semantic variants

2. Inform disease prognosis and 
potential treatment outcomes in the 
future. 

• Changes in speech 
measures (word 
duration and PVI) are 
only sensitive to nfvPPA.

• Weak-strong PVI can 
be a robust indicator of 
non-fluent PPA.
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