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ABSTRACT

Objective: The goal of this study was to explore the prevalence of nonverbal oral apraxia (NVOA),
its association with other forms of apraxia, and associated imaging findings in patients with pri-
mary progressive aphasia (PPA) and progressive apraxia of speech (PAQOS).

Methods: Patients with a degenerative speech or language disorder were prospectively recruited
and diagnosed with a subtype of PPA or with PAOS. All patients had comprehensive speech and
language examinations. Voxel-based morphometry was performed to determine whether atrophy
of a specific region correlated with the presence of NVOA.

Results: Eighty-nine patients were identified, of which 34 had PAOS, 9 had agrammatic PPA, 41 had
logopenic aphasia, and 5 had semantic dementia. NVOA was very common among patients with PAOS
but was found in patients with PPA as well. Several patients exhibited only one of NVOA or apraxia of
speech. Among patients with apraxia of speech, the severity of the apraxia of speech was predictive of
NVOA, whereas ideomotor apraxia severity was predictive of the presence of NVOA in those without
apraxia of speech. Bilateral atrophy of the prefrontal cortex anterior to the premotor area and supple-
mentary motor area was associated with NVOA.

Conclusions: Apraxia of speech, NVOA, and ideomotor apraxia are at least partially separable disor-
ders. The association of NVOA and apraxia of speech likely results from the proximity of the area
reported here and the premotor area, which has been implicated in apraxia of speech. The association
of ideomotor apraxia and NVOA among patients without apraxia of speech could represent disruption of
modules shared by nonverbal oral movements and limb movements. Neurology® 2014;82:1729-1735

GLOSSARY

agPPA = agrammatic primary progressive aphasia; ASRS = Apraxia of Speech Rating Scale; LPA = logopenic aphasia;
NVOA = nonverbal oral apraxia; OR = odds ratio; PAOS = progressive apraxia of speech; PPA = primary progressive
aphasia; VBM = voxel-based morphometry; WAB = Western Aphasia Battery.

Nonverbal oral apraxia (NVOA) refers to impaired volitional oromotor movements due to prob-
lems with motor planning and sequencing rather than weakness, language dysfunction, or cogni-
tive impairment." The association between NVOA and aphasia, perhaps first described in the
medical literature by Hughlings-Jackson in 1878,* has been primarily explored in stroke patients,
most frequently in association with nonfluent aphasia. The same is true of NVOA among patients
with apraxia of speech and ideomotor apraxia. Two recent studies® described the presence of
apraxia, including facial apraxia, among patients with progressive nonfluent aphasia and logopenic
aphasia (LPA). Similarly, NVOA has been mentioned in the setting of disorders dominated by
apraxia of speech,’ but little is known about its association with apraxia of speech or ideomotor
apraxia. In this study, we evaluated a large group of patients with primary progressive aphasia
(PPA) and progressive apraxia of speech (PAOS) to explore the prevalence and severity of NVOA
among these patients, and to determine the potential association between NVOA and other forms
of apraxia, as well as the neuroanatomical correlate of NVOA through structural imaging. Our
hypotheses were that NVOA would be strongly associated with apraxia of speech and hence
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common among patients with PAOS, that it
would be rare in patients with fluent aphasias,
and that it would be related to atrophy in the
region of the premotor cortex on the left.

METHODS Subjects. All patients seen in the Department of
Neurology for a speech or language disorder presumed to be due
to a degenerative neurologic disease between July 2010 and April
2013 were eligible for inclusion. To be included, subjects had to
be older than 18 years, have English as their primary language,
and have an informant. Furthermore, subjects had to meet criteria
for PPA® or PAOS.>’~ Patients with an alternative or coexisting
diagnosis of another degenerative disease such as Alzheimer dis-
ease, behavioral variant frontotemporal dementia, progressive
supranuclear palsy, or corticobasal syndrome were excluded. Pa-
tients who did not fit the operational diagnostic definitions (see
below) or where their understanding of the tasks involved in

testing for NVOA was judged to be inadequate were excluded.

Standard protocol approvals, registrations, and patient
consents. Informed consent was obtained from subject and
informant. The Mayo Clinic Institutional Review Board ap-

proved the study.

Speech and language evaluation. As part of a standard evaluation
protocol, all patients were evaluated by a neurologist (K.A.J.) and had
video recorded comprehensive speech and language examinations by a
speech-language  pathologist (J.LRD. or E.AS.). Details of the
evaluation have been described elsewhere.” Speech and language
data, along with video recordings of the language tests, were
reviewed by both speech-language pathologists. Patients were
classified clinically according to operational definitions independent
of neurologic, neuropsychological, and neuroimaging results. The
Aphasia Quotient from the Western Aphasia Battery—Revised
(WAB) Part 1 was used as an indicator of global language
function, with lower scores indicating greater language impairment.
The upper limb and instrumental apraxia components of the WAB
were combined to create an ideomotor apraxia score (30 points
maximum), with lower scores indicating more severe apraxia.
Apraxia of speech was diagnosed based on published guidelines®”*
and severity graded with an Apraxia of Speech Rating Scale (ASRS),”
with higher scores indicating more severe apraxia of speech. NVOA
was assessed with an 8-item measure consisting of 4 gestures (“cough,”
“click your tongue,” “blow,” “smack your lips”), repeated twice.” If
patients could not complete the task on command, they were asked to
imitate the examiner. Each item received 0 to 4 points, with a score of
4 (immediate, accurate response to command) representing best
performance. Normative data for the NVOA evaluation tool were
obtained from the performance of 29 consecutive patients seen for
speech-language assessment who did not have aphasia, NVOA, or
apraxia of speech. Ten had normal speech and language, 13 had mild
dysarthria, 2 had migraine-related word-finding difficulties, 2 had
essential voice tremor, 1 had hoarseness, and 1 had alexia. Mean
age = SD was 57.6 = 13 years. The average score = SD on the
NVOA tool for these patients was 31.4 * 0.8 with a range of 29 to
32. Test-retest and interrater reliability of the test were assessed by
having the speech and language experts (J.R.D. and ED.S.) as well as
a neurology resident (H.B.) rescore recordings of 10% of the subjects,
selected at random. Correlations between the initial scores and
rescoring by another judge who reviewed the video recorded test
were remarkably high (- = 0.99, 95% confidence interval 0.96—
1.00), as was the intrajudge correlation between the examining
clinician’s first and second ratings (» = 0.97, 95% confidence
interval 0.90-0.99). A cutoff of 29 was used to establish the
presence of NVOA in our cohort; all but one of the controls
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scored more than 29. See videos 1-3 on the Neurolog/® Web site
at Neurology.org for examples of different severities of NVOA.

Operational definitions. PAOS was diagnosed if patients had
apraxia of speech as the only feature of their communication disor-
der,’ or if patients had evidence of apraxia of speech in the context
of agrammatism or telegraphic speech but the apraxia of speech was
the dominant feature.” Patients with agrammatism or telegraphic
speech with or without apraxia of speech in whom aphasia severity
exceeded the severity of any apraxia of speech were diagnosed with
agrammatic PPA (agPPA).” LPA was diagnosed in the presence of
word-finding difficulties and anomia without loss of word meaning,
as evidenced by recognition of target words on confrontational
naming most of the time, along with any combination of impaired
sentence repetition, impaired sentence comprehension, or phonemic
paraphasias. In addition, performance on tasks involving single-word
comprehension had to exceed that of tasks involving sentence
comprehension, such as the Token Test."" Patients were diagnosed
with semantic dementia if the dominant features were anomia and
loss of single-word comprehension, evidenced by an inability to
recognize target words despite semantic and phonemic cues on at
least 30% of naming items, or at least one comment during the
examination by the patient or informant that the patient no longer
recognized the meaning of some words. In addition, performance on
tasks involving sentence comprehension, such as the Token Test,"!
had to exceed performance involving single-word comprehension.
Patients with a progressive aphasia but not meeting any of the
operational definitions were excluded. Patients with an Aphasia
Quotient of <55 of 100 and patients who, on consensus review,
were thought to not understand the NVOA tasks were also excluded.

Neuroimaging. Two groups of patients, one with NVOA and one
without, were selected such that there were an equal number of pa-
tients with a specific diagnosis in each group, and with no significant
difference in age, sex, Aphasia Quotient, or apraxia of speech severity
between groups. All subjects underwent 3-tesla MRI scanning using a
protocol that included an magnetization-prepared rapid-acquisition
gradient echo sequence as described previously.” Voxel-based
morphometry (VBM)'"? with SPM5 was used to assess voxel-level
regional differences between the patients with and without NVOA.
Standard preprocessing steps were performed, including normalization
to a study-specific customized template and segmentation using
unified segmentation, modulation, and smoothing at 8-mm full
width at half maximum. Results were assessed at p < 0.001

uncorrected for multiple comparisons.

Statistical analysis. JMP statistical software (version 8.0.0; SAS Insti-
tute, Cary, NC) was used, with statistical significance set at p < 0.05.
Binary variables were compared across groups using the X test, or
Fisher exact test if there were cells with small numbers (<5). Contin-
uous, normal-, or near-normal distributed data were compared across
groups using analysis of variance and Student # test, whereas the
Wilcoxon rank-sum/Kruskal-Wallis test was used for nonnormally
distributed data. Pairwise correlations were used to evaluate which
variables correlated with the NVOA score, and multiple linear
regression was used to adjust for covariation among the variables. We
also performed a logistic regression to determine the contribution of the
apraxia of speech and ideomotor apraxia scores to the odds of belonging

to the “NVOA present” group.

RESULTS Clinical results. A total of 118 patients were
initially included in the cohort. Of these, 29 patients
were excluded, 19 because they did not meet criteria
for PAOS or a specific PPA subtype and 10 because of
poor comprehension of the NVOA tasks. Demographic
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Table 1
apraxia data

Summary of demographic characteristics and speech, language, and

NVOA present (n = 46) NVOA absent (h = 43) p Value
Male/female® 23/23 21/22 0.910
Age, y 70.24 + 96 66.47 + 8.0 0.048°
Duration, y 3.61+18 32821 0.430
Education, y 1491 = 25 1593 + 2.9 0.112
AQ,° max = 100 83.05 + 124 9027 = 7.4 0.001°
AOS present,? n (%) 24 (52) 16 (37) 0.155¢
ASRS score,*f max = 64 2429 = 9.7 1519 * 53 0.002°
IMA score,® max = 30 26.89 = 3.4 2891 = 1.8 0.006°¢

Abbreviations: AOS = apraxia of speech; AQ = Aphasia Quotient; ASRS = Apraxia of
Speech Rating Scale; IMA = ideomotor apraxia; NVOA = nonverbal oral apraxia.

Unless otherwise stated, data shown are mean values + SD.

2 Counts provided rather than means.

b Statistically significant.

¢Lower scores reflect increasing severity.

9Probability > x2 for 2 x 2 table of AOS vs NVOA.

®Higher scores reflect increasing severity.

fOnly patients with AOS included.

9Kruskal-Wallis test used given the non-Gaussian distribution of the NVOA and apraxia

scores in the sample.

and speech and language data for patients with and with-
out NVOA are given in table 1. Significant group differ-
ences included a higher average age and apraxia of speech
severity score, and lower Aphasia Quotient and ideomo-
tor apraxia score among patients with NVOA.

Of the 89 patients diagnosed using the operational
definitions, 34 had PAOS, 9 had agPPA, 41 had
LPA, and 5 had semantic dementia. Demographic
and speech-language data based on diagnosis are shown
in tables 2 and 3. Patients with PAOS tended to have a
greater severity of NVOA. Patients with agPPA, LPA, or

semantic dementia who had NVOA were mostly rated
as mildly impaired. For patients with agPPA or semantic
dementia, there were no significant differences in speech
or language scores or the tests for ideomotor apraxia for
patients with and without NVOA. Among patients with
PAQS, the ASRS score was significantly higher and the
Aphasia Quotient lower (more impaired) among the
NVOA group, whereas for the LPA group, the Aphasia
Quotient and ideomotor apraxia scores were signifi-
cantly lower (more impaired) than those among patients
without NVOA. Patients with PAOS who had NVOA
had a longer duration of illness than those who did not
have NVOA.

Associations among NVOA, apraxia of speech, and
ideomotor apraxia scores. Details of these analyses can be
found in table 4. When we included all patients, pairwise
analysis revealed a significant correlation between both
ASRS and ideomotor apraxia scores and the NVOA
score. Because age and Aphasia Quotient differed among
the patients with NVOA (table 1), and because the
ASRS and ideomotor apraxia scores were correlated with
one another, multilinear regression was performed. After
correcting for age, Aphasia Quotient, and the ASRS or
ideomotor apraxia scores, both the ASRS and ideomotor
apraxia scores remained significantly correlated with the
NVOA score. We obtained similar results for these anal-
yses when we grouped patients according to the presence
of apraxia of speech. A logistic regression was performed
with the same variables but with membership to the
NVOA group, rather than the raw NVOA score, as
the outcome variable. For all patients as well as the sub-
group with apraxia of speech, only the odds ratio (OR)
for the ASRS score was significant, whereas the OR for

ideomotor apraxia was only significant in the subgroup

[ Table 2

NVOA score? (all patients)

NVOA score? (patients with NVOA)

NVOA present, n (%)
Severity

None

Mild

Moderate

Marked

Severe

Abbreviations: agPPA = agrammatic primary progressive aphasia;

of speech.

NVOA scores and severity ratings

agPPA (n = 9) LPA (n = 41) Semantic dementia (n = 5) PAOS (n = 34) P

25.67 =82 28.83 = 3.2 29.8 + 3.0 2462 =82 0.20322°
2443 = 9.1 25.83 = 2.8 26.5 = 0.7 19.65 = 7.3 0.03702bee
7 (78) 17 (41) 2 (40) 20 (59) 0.1673%¢

2 24 S 14

6 14 2 9

0 g 0 8

0 0 0 6

1 0 0 2

Unless otherwise stated, data shown are mean values + SD.
2Maximum score 32; lower score denotes increasing severity of NVOA.
b Kruskal-Wallis test used given the non-Gaussian distribution of the NVOA variable in the sample.

¢ Pairwise comparison after Bonferroni correction revealed the PAOS vs LPA comparison to be significant.

dFisher exact, 2-sided.
© Statistically significant.

LPA = logopenic aphasia; NVOA = nonverbal oral apraxia; PAOS = progressive apraxia
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[ Table 3

Patients®

Age, y

Duration, y
Education, y
AQ,® max = 100
AOS®

ASRS score,®
max = 64

IMA score,?
max = 30

Clinical characteristics among groups for patients with and without NVOA

PAOS agPPA LPA Semantic dementia

With NVOA  Without NVOA p With NVOA  Without NVOA p With NVOA Without NVOA p With NVOA  Without NVOA p
20 14 7 2 17 24 2 &

723 =105 699 =87 706 =53 605 =49 * 685+10 65=*76 635+78 663+6

42 +21 29 =10 * 21 +12 2804 34+13 31+15 45+ 0.7 6.8 + 6.4

149 +23 150 =33 157 +31 15+14 144 + 26 16.1 + 2.5 * 165 +0.7 193=*23

89.9 + 104 96.1 =48 * 812=+131 864 =33 75.6 =109 86.8 = 7.1 * 848+ 105 935=+27

20 14 4 2 0 0 0 0

25796 15650 * 111 +99 125 +9.2 24 +17 15=+17 0.5 +0.7 0

270+ 32 282+28 269 +36 27 +28 271 +33 294 +08 * 245+78 297 *0.6

Abbreviations: agPPA = agrammatic primary progressive aphasia; AOS = apraxia of speech; AQ = Aphasia Quotient; ASRS = Apraxia of Speech Rating
Scale; IMA = ideomotor apraxia; LPA = logopenic aphasia; NVOA = nonverbal oral apraxia; PAOS = progressive apraxia of speech.

Unless otherwise stated, data shown are mean values = SD. Asterisk denotes that values differ significantly between groups.

2Counts provided rather than means.

b ower scores reflect increasing severity.
¢Higher scores reflect increasing severity.

1732

without apraxia of speech. Thus, for example, in a
patient without apraxia of speech, a decrease (i.e., wors-
ening) in the ideomotor apraxia score of 1 point nearly
doubles the odds of being in the “NVOA present”
group, whereas an increase (i.e., worsening) in the ASRS
of approximately 5 for a patient with apraxia of speech
results in a similar change in OR.

Neuroimaging findings. There were 27 patients with
and 27 patients without NVOA included in the anal-
ysis (12 with LPA, 13 with PAOS, and 2 with seman-
tic dementia). The result of the VBM analysis is
shown in the figure. At p < 0.001 (uncorrected for
multiple comparisons), patients with NVOA had
reduced volumes in the bilateral medial and lateral
prefrontal cortices.

DISCUSSION We have shown that NVOA is com-
mon among patients with PAOS. Patients with
NVOA tended to have more severe apraxia of speech
as measured by the ASRS and poorer scores on ideo-
motor apraxia testing. However, there were several
patients who exhibited NVOA in the absence of
apraxia of speech, while others had apraxia of speech
without NVOA, suggesting that these are at least par-
tially dissociable. Furthermore, it is worth noting that
the ideomotor apraxia score was not predictive of
belonging to the NVOA group independent of
apraxia of speech severity among patients with apraxia
of speech. Lastly, our VBM analysis suggests that
bilateral atrophy of the prefrontal cortex anterior to
the premotor area and the supplementary motor area
is associated with NVOA.

[ Table 4 Results of linear and logistic regression
Pairwise correlation with
NVOA score®
All patients
ASRS —0.364 (p = 0.0005)

Ideomotor apraxia 0.387 (p = 0.0002)
Patients with AOS

ASRS 0.595 (p = 0.0001)
Ideomotor apraxia 0.330 (p = 0.0373)
Patients without AOS

Ideomotor apraxia 0.455 (p = 0.0010)

Logistic regression,

Multiple linear regression OR (95% CI)°

—0.308 (p = 0.0001) 1.09 (1.03-1.17)
0.531 (p = 0.0052) 0.88 (0.69-1.09)

—0.498 (p = 0.0005) 1.16 (1.02-1.36)

0.730 (p = 0.0400) 1.00 (0.73-1.35)

0.433 (p = 0.0053) 0.53 (0.23-0.97)

Abbreviations: AOS = apraxia of speech; ASRS = Apraxia of Speech Rating Scale; AQ = Aphasia Quotient; Cl = confidence

interval; NVOA = nonverbal oral apraxia; OR = odds ratio.
2Spearman p.

b Logistic regression with NVOA as the outcome variable and age, AQ, ASRS, and ideomotor apraxia as the predicting
variables. ORs shown are corrected for age, AQ, and ASRS (for ideomotor apraxia) or ideomotor apraxia (for ASRS).
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Figure Voxel-based morphometric analysis comparing patients with and
without NVOA

Regions of gray matter loss in the patients with nonverbal oral apraxia (NVOA) compared with
the matched patients without NVOA. Results are shown on lateral and medial 3-dimensional
renderings of the brain, and on representative coronal and sagittal slices, uncorrected for
multiple comparisons at p < 0.001.

As mentioned before, the associations among aphasia,
apraxia of speech, ideomotor apraxia, and NVOA have
been studied primarily in stroke patients. Several studies
have confirmed a high prevalence of NVOA among pa-
tients with nonfluent aphasia,' and a relative paucity
among patients with fluent aphasia.”” The association
between NVOA and apraxia of speech in stroke patients
is also well known, ranging from 48%" to 85%."> The
co-occurrence of ideomotor apraxia and NVOA is less
clearly established, with some reports suggesting it is as
rare as 5%,'® whereas others suggest the association is
similar to that of apraxia of speech, approximately 50%
to 60%."'8 Based on data from stroke patients, the
structures most often implicated in NVOA are the left

L1419 putamen, ' and the inferior frontal

anterior insula,

area, including Broca area and the periopercular area.’
A small study of patients with degenerative agram-

matic aphasia, which included patients with neurodegen-

erative disorders other than PPA who had agrammatic

aphasia, suggested that limb apraxia among patients with
agrammatic aphasia was the result of atrophy of the left
inferior parietal lobe, whereas apraxia of speech and
NVOA were associated with more anterior atrophy
involving the left posterior-inferior frontal gyrus and
the middle frontal and premotor cortices, respectively.?
We previously reported* ideomotor apraxia among pa-
tients with agPPA (although this included patients who
would now be classified as PAOS) and patients with
LPA, and found that the composite apraxia score as
measured on the WAB correlated with gray matter loss
in the left lateral premotor cortex, especially the middle
frontal gyrus, with some extension into motor cortex.
Furthermore, a poorer ideomotor apraxia score implied
a significantly higher OR for belonging to the agPPA as
opposed to the LPA group. We have previously shown
that the superior lateral premotor cortex and the supple-
mentary motor area are involved in PAOS,>” whereas
patients with agPPA have more widespread, frontal pre-
dominant atrophy, including the inferior premotor
area.”’ > Looking at patients with PAOS specifically,
we found that apraxia of speech correlates with left lateral
premotor cortex volume.** Because supplementary
motor area atrophy can occur in the absence of apraxia
of speech,* we previously proposed that the premotor
cortex has a more important role in apraxia of speech.
The areas implicated in NVOA in our study and the fact
that it is especially common among patients with PAOS
fits well with these prior findings.

The correlation between the ASRS and the NVOA
score in our study, together with the fact that patients
with PAOS and NVOA had a longer mean disease
duration, could suggest that, as the pathology spreads
and the apraxia of speech severity increases, there is
more involvement of the anterior prefrontal areas re-
sulting in onset or worsening of NVOA. The partial
dissociation between NVOA and apraxia of speech
noted previously, and the anterior-posterior dissocia-
tion between NVOA and apraxia of speech on VBM
is supportive of the hypothesis that there are distinct areas
within the premotor and prefrontal areas responsible for
planning of verbal and nonverbal movements.*>*

Explaining the occurrence of NVOA among patients
with LPA or semantic dementia is more difficult. Struc-
tural imaging data in these disorders classically show atro-
phy in the area of the left temporoparietal junction in
LPA and the anterior temporal lobe in semantic demen-
tia.” The significantly poorer Aphasia Quotient and ide-
omotor apraxia scores among LPA patients with NVOA,
and a similar trend in semantic dementia, could be indic-
ative of more widespread pathology in these patients,
although disease durations were not significantly differ-
ent. Furthermore, it is plausible that there is a network
underlying the correct planning and spatiotemporal pro-
gramming of orofacial movements similar to that found
in upper limb movements and movements involved in
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speech.”” Lower ideomotor apraxia scores could repre-
sent a disruption of a module involved in praxis that
might be shared by nonverbal orofacial movements as
well as movements of the upper extremity.”®

The association between NVOA and right hemi-
spheric atrophy in our study was unexpected. How-
ever, some authors have argued that the right
hemisphere is important in nonverbal oral move-

? and it is known that some patients with

ments,
PAOS have predominantly right-sided pathology.’
Current models for ideomotor apraxia also allow for
right-sided lesions as a cause of ideomotor apraxia.””
It is also possible that patients with NVOA in general
had more widespread pathology and hence had more
right-sided involvement.

The discrepancy between the proposed anatomical
substrate of NVOA in prior studies focusing on stroke
patients and our findings could be the result of several
factors. Several of the padents in the aforementioned
studies had large middle cerebral artery strokes, and it
is no surprise that areas of overlap included several sub-
cortical structures given their vulnerability in large strokes
resulting in aphasia and NVOA. This is perhaps most
clearly illustrated by the earlier work on apraxia of speech
in stroke patients, which also implicated the insula,'*
which was later shown to be less important than the
prefrontal cortex.” Furthermore, a recent case report of
“pure” NVOA after a stroke involving the left premotor
cortex lends further credence to the idea that the pre-
frontal cortex is integral to nonverbal oral movements.”'

Our study has several limitations. The severity rating
scale for apraxia of speech is not yet a fully standardized
instrument, potentially limiting the external validity of
some of our findings. In addition, our imaging findings
did not survive correction for multiple comparisons and
hence may require replication with a larger sample size.
A further limitation is that the tasks used in assessing for
NVOA involve the recognition of “symbols” or gestures
as well as selection of the appropriate action from an
array of possible stored representations.”” Given that
aphasia represents a disruption in the use of representa-
tional and linguistic symbols, this complicates the anal-
ysis of apraxia among these patients, because aphasia
may have contaminated the evaluation in some cases,
despite our attempt to exclude patients that clearly did
not understand the instructions. Lastly, the nonverbal
oral tasks used in our study were all performed following
command or imitation, without the use of tools/objects,
and all required sound production, and as such did not
represent a comprehensive analysis.
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