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Abstract

Background Stroke is a leading cause of disability and about a third of stroke survivors have aphasia. Stroke also may
affect all levels of the auditory pathway and lead to hearing reception and/or perception deficits for different sound
types.

Aim of the work The aim of the work is to evaluate the perception of music, environmental sounds, and speech

in post-stroke patients in order to determine if there is a difference in the basic auditory perceptual abilities in right
versus left cerebral stroke.

Subjects and methods A group of 30 healthy adults and a group of 30 right and left cerebral stroke patients

with an age range from 35 to 75 years old were included. The participants were evaluated using a 10-item designed
questionnaire for auditory abilities and a test of auditory perceptual/recognition skills. The questionnaire addressed
some of the basic auditory skills of attention, discrimination, and recognition of environmental sounds and human
voice. The test consisted of non-verbal and verbal domains. The non-verbal domain involved music recognition, dis-
crimination, perception, performance, and environmental sound recognition tasks. While the verbal domain included;
recognition of the sound related to speech stimuli and syllable/word recognition tasks.

Results Better significant scores in right versus left stroke patients regarding questionnaire results for attention

to sound sources either near or fear (p value <0.001) and discriminating prosodic intonation of statement or interro-
gation (p value= <0.001). There was no significant difference between the right cerebral stroke group and the left cer-
ebral stroke group regarding the score of music perception and music performance tasks of the non-verbal domain
of the auditory perceptual/recognition skills assessment. Better significant scores were found in the right cerebral
stroke patients than the left cerebral stroke patients regarding the scores of both the non-verbal and verbal domains
of the auditory perceptual/recognition skills assessment.

Conclusion Stroke of both right and left cerebral hemispheres has a specific negative effect on some aspects
of perception of music, environmental sounds, and speech that need to be addressed in both evaluation protocols
and rehabilitation programs.
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residual effects of stroke is rising [2]. Approximately two
thirds of stroke survivors have a communication disorder
and about a third of stroke survivors have aphasia which
significantly affects functional recovery and return to
work [3].

A post-stroke aphasia is an acquired language impair-
ment that affects speaking, listening, reading, and writ-
ing [4]. Impaired auditory processing after stroke could
contribute to linguistic difficulties experienced by people
with aphasia [5, 6]. The majority of stroke survivors suffer
from some type of hearing or auditory processing (AP)
impairment [7].

Stroke may affect all levels of the auditory pathway
and lead to hearing reception and/or perception deficits
that may manifest with a variety of symptoms and with
clinical presentations that start acutely before, during, or
shortly after stroke [8].

Auditory cognitive deficits after stroke may affect lan-
guage and/or perception of music and environmental
sounds [9]. Aphasia is more frequent after lesions in the
left hemisphere, whereas difficulty with music perception
and processing can appear after lesions in either the left
or right hemispheres [10].

Diagnosing aphasia typically involves tests of language
comprehension and production, whereas diagnosing
music processing relies on testing the perception of vari-
ous musical dimensions (e.g., pitch, rhythm) or musical
emotions. To allow for a better understanding of auditory
deficits after brain damage, music and language disorders
need to be assessed [11].

To our knowledge, there is limited research in Egypt
addressing and differentiating the auditory abilities in
right versus left cerebral stroke patients. This raised the
utmost interest to investigate the basic auditory abili-
ties at the level of perception of music, environmental
sounds, and speech in this kind of population. This will
help draw the profile of disabilities of both cerebral stroke
groups, early pick up of cases to be sent for thorough
instrumental evaluation then address their deficits in
suitable rehabilitation protocols.

The aim of this study is to evaluate the perception of
music, environmental sounds, and speech in post-cere-
bral stroke patients in order to determine if there is a dif-
ference in the basic auditory perceptual abilities in right
versus left cerebral stroke.

Methods

Study population

The Patients were recruited from those who seek medical
advice at the Phoniatric outpatient clinic in Kasr Al Ainy.
The normal/control group was recruited from relatives of
the patients. The patients were selected based on the fol-
lowing inclusion and exclusion criteria. As for inclusion
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criteria; more than 12 weeks duration post-cerebrovas-
cular insults to ensure complete neurological stability. As
for exclusion criteria; the presence of other central neu-
rological lesions or dementia before the current stroke,
addiction to alcohol, drugs, or medication, insufficient
physical fitness/presence of physical weaknesses or dis-
abilities in both upper limbs, psychiatric disturbances
interfering with neuropsychological testing, aphasic/dys-
phasic patients with hearing impairment, severe aphasia
and patients in the first 3 months of the cerebrovascular
insult. The study was approved by the ethical commit-
tee of Otolaryngology, Cairo University, and the Faculty
of Medicine, Cairo University, under reference number
N-67-2023.

Methodology in details
All aphasic/dysphasic patients were subjected to:

— History taking including personal data of name, age,
sex, marital status, handedness, literacy level, and
occupation.

— History of present illness including the main com-
plaint with its onset, course, and duration.

— History of stroke including numbers of strokes, dis-
abilities resulting, and transient ischemic attacks.

— History of chronic medical illness such as hyperten-
sion and diabetes.

The subjects under study were asked to fill in the audi-
tory perceptual questionnaire. It is a self-reported ques-
tionnaire that was designed in the current study in light
of the difficulties and concerns faced by patients in the
common clinical practice and the literature. The research
team checked the questionnaire’s face and content valid-
ity. Before any data collection, the questionnaire was
checked by four experts in the field of Phoniatrics. To
check for comprehensibility and relevance, it was also
filled in by six aphasic patients or their caregivers as a
pilot study. Few modifications were made based on the
received feedback and recommendations.

Then the questionnaire was filled in by the groups
under study; cerebral stroke patients and the control
group. It included ten items related to the following; the
ability to attend to loud and low sounds, attend to sound
sources either far or near to the subject, attend to sounds
of TV and radio, discriminate speakers’ voices either
male or female, discriminate the sound of door or phone,
recognize common rhymes or verses of holly books when
T.V. or radio are on, discriminate the prosodic intonation
of statement or interrogation, discriminate family mem-
bers through their voices, recognize the emotional state
of speakers through their voices, and recognize the voice
of the speaker through phone. Each statement was scored



Abdel Hady et al. The Egyptian Journal of Otolaryngology

1 for the presence of the ability and zero for the presence
of difficulty. The total score was given out of 10.

For testing the perception of music environmental
sounds and speech, the cerebral stroke patients (right
and left side) were subjected to an assessment protocol
of auditory perceptual/recognition skills designed by
Abusenna et al. [12] in light of previous studies done by
Vingolo [13] and Maffei [14]. The test was divided into
non-verbal and verbal domains.

Non-verbal domain

This domain aims at evaluating the recognition and per-
ception of sets of non-speech stimuli: the music and the
environmental sounds. The stimuli were presented at a
comfortable volume in a quiet sound-treated room.

Perception of music tasks

Melody recognition The subjects were instructed to lis-
ten carefully to five familiar tunes played without lyrics
(e.g., happy birthday, the national anthem of Egypt) and
then to select by pointing a picture representing the tune
or the song melody presented aurally from a series of 3
of the picture placed in front of him/her. The number of
items in this task was equal to 5.

Two examples were played for each subject before the
application of the melody recognition test to ensure his
comprehension of the task requirement.

Scoring:

The subject was given a score on a 3-point scale where 2
points were given to him/her for each correct answer, 1
point was given if the subject showed any delay or hesi-
tations during choosing the answer, and no points were
given for each incorrect answer. The total score of this
task was equal to 10.

Melody discrimination The subjects were instructed to
listen carefully each time to a series of two versions of the
same melody of familiar tunes without lyrics. One is con-
sidered “the target melody” while the second is consid-
ered as a “comparison melody” The comparison melody
may or may not be different from the target one in either
pitch or rhythm. The subject has to discriminate if the
two melodies are the same or different. The number of
the administered series was 6. Two of them were identi-
cal in the pitch and the rhythm, 2 were different in the
pitch and identical in the rhythm and the last 2 were dif-
ferent in the rhythm and identical in the pitch.
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Those subjects who were unable to verbally respond were
instructed to point to one of the two cards presented in
front of them. One card with the shape of two identical
circles represented “the same” and the other card with
the shape of a star and a circle represented “different”
The subjects were given two trials before the administra-
tion of the task to ensure their comprehension of the task
requirement and to make sure they understood the idea
of “same or different”.

Scoring:

The subject was given a score on a 3-point scale where 2
points were given to him/her for each correct answer, 1
point was given if the subject showed any delay or hesi-
tations during choosing the answer, and no points were
given for each incorrect answer. The total score for this
task was equal to 12.

Melody performance task The subjects were instructed
to listen carefully to the recorded sequences of simple
rhythmic patterns produced on a percussion instrument
(drum) then they were asked to imitate the sequences on
the drum using a stick with the use of their non-paretic
hand. The simplest rhythmic pattern was formed of 3
taps and the difficulty was increased to be ended with 7
taps rhythmic pattern. The subjects were given two trials
before the administration of the task to ensure compre-
hension. The number of items in this task was 5.

Scoring:

The subject was given a score on a 3-point scale where 2
points were given to him/her for each correct answer, 1
point was given if the subject showed any delay or hesi-
tations during choosing the answer, and no points were
given for each incorrect answer. The total score for this
task was equal to 10.

Melody perception task The subjects were instructed
to listen carefully to a 1 min and 30 s recording that
included the sound of five different well-known musical
instruments with 5-s interval between the administra-
tions of the sound of each instrument. The individual
was asked to remember the order in which the different
timbres were presented. As visual support, a card rep-
resenting the picture of each instrument was placed in
random order on the desk in front of the subjects. After
listening to the audio file, the subjects were asked to place
the cards in the opposite order in which the instruments
were presented.
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The sounds used were of the following musical instru-
ments the piano, the xylophone, the drum, the flute, and
the violin. Before application of the test, the cards were
displayed individually in front of the subjects and the
recorded sound of each instrument was administered to
make sure that the subjects knew the instrument and its
related sound. Two trials were administered before the
application of the melody perception task to check the
comprehension of the subjects.

Scoring:

The subject was given a score on a 3-point scale where 2
points were given to him/her for each correct answer, 1
point was given if the subject showed any delay or hesi-
tations during choosing the answer, and no points were
given for each incorrect.

Recognition of environmental sounds

Environmental sounds were divided into 4 sections that
included animal, human sounds, vehicle and machinery
sounds, and surrounding sounds.

After hearing a sound (ex; a crying baby), the
arranged pictures were shown to the subject represent-
ing, the actual source of the sound, an acoustic foil;
that would produce a similar sound but is semanti-
cally different (such as a cat), a semantic foil; that would
produce different sound but belongs to the semantic
category (ex; baby laughing) and an unrelated foil (such
as a car), the subject was requested to point to the
picture showing the source of the sound being heard.
The participant was asked to recognize 3 sounds from
each section with a total score of 12. Two examples
were given for each participant before the application
of the task to ensure his/her comprehension of the task
requirement.

Scoring:

The subject was given a score on a 3-point scale where
he/she was given 2 points for each correct answer, 1 point
if the subject showed delay or hesitation during reply, and
no points were given for each incorrect answer. The total
score was equal to 24.

For each subject, the total score of the non-verbal
domain tasks was calculated by computing the score of
the previous 5 tasks of music and environmental sounds
recognition and he/she was given a score out of 56.

Verbal (speech stimuli)
The subjects were evaluated by testing their ability to rec-
ognize speech stimuli through the following two tasks.
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Recognition of sound related to speech stimuli

Ten short phrases were administered verbally such as”
cow mooing” and the subjects were asked to select the
target sound out of three sounds played consequently
after the short phrase was administered.

The three administered sounds included a target one, a
related distractor, and an unrelated distractor. Two trials
were given before the application of the task.

Scoring:

The subject was given a score on a 3-point scale where
he/she was given 2 points for each correct answer, 1 point
if the subject showed delay or hesitation during reply, and
no points were given for each incorrect answer. The total
score was equal to 20.

Syllable/word discrimination

The subjects were asked to listen carefully to a series of
words that were presented aurally to the subject. Each
series has two short words that were identical or differ-
ent in only one phoneme. Then the subjects were asked
to discriminate between words if they were the same or
different.

Those subjects who were unable to speak were
instructed to point to cards on which the words “same”
and “different” were written beneath an image of two
identical and two different images (two circles for same,
one circle and one star for different). Total number
of series was 17. The selected words included change
according to the place or manner of the phonemes.

Two trials were administered before the applica-
tion of the test to ensure comprehension of the task
requirements.

Scoring:

The subject was given a score on a 3-point scale where
he/she was given 2 points for each correct answer, 1 point
if the subject showed delay or hesitation during reply, and
no points were given for each incorrect answer. The total
score was equal to 34. The total score of both tasks of the
verbal domain was equal to 54.

Finally, the total score of the test was calculated by the
end of the assessment through the summation of the
scores of the non-verbal and verbal domains. The sub-
jects were given a score out of 120.

Data management and statistical analysis

Data were fed to the computer and analyzed using IBM
SPSS software package version 20.0. (Armonk, NY: IBM
Corp). Qualitative data were described using numbers
and percentages. The Shapiro—Wilk test was used to
verify the normality of distribution Quantitative data
were described using range (minimum and maximum),
mean, standard deviation, median, and interquartile
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range (IQR). The significance of the obtained results was
judged at the 5% level. Chi-square test was used for cat-
egorical variables, to compare between different groups.
Fisher’s exact or Monte Carlo correction for chi-square
when more than 20% of the cells have an expected count
less than 5. Student ¢-test for normally distributed quan-
titative variables, to compare between two studied
groups. Mann—Whitney test for abnormally distributed
quantitative variables, to compare between two studied
groups. F-test (one-way ANOVA) for normally distrib-
uted quantitative variables, to compare between more
than two groups, and post hoc test (Tukey) for pairwise
comparisons. Kruskal-Wallis test for abnormally distrib-
uted quantitative variables, to compare between more
than two studied groups, and post hoc (Dunn’s multiple
comparisons test) for pairwise comparisons. Pearson
coefficient to correlate between two normally distrib-
uted quantitative variables. Spearman coefficient to cor-
relate between two distributed abnormally quantitative
variables. Cronbach’s alpha for reliability statistics was
assessed using Cronbach’s alpha test. Receiver operat-
ing characteristic curve (ROC) to denote the diagnos-
tic performance of the test. Area more than 50% gives
acceptable performance and area about 100% is the best
performance for the test. The ROC curve allows also a
comparison of performance between two tests.

Results

Demographic data

In the normal (control) group and the group of right cer-
ebral stroke, males represented 73.3% while females rep-
resented 26.7%. In the group of Lt cerebral stroke, males
represented 66.7% while females represented 33.3% (p
value=0.932). The mean age of normal (control), right
cerebral stroke, and left cerebral stroke subjects were as
follows: 55.53 years, 55.93 years, and 60.47 years respec-
tively (p value=0.260). The number of patients of right
cerebral stroke above 40 to 50 years is equal to 4 while the
number of younger patients of left cerebral stroke in the
same age range is 1. In the group of right cerebral stroke,
the mean duration post-stroke was 11.53 months while
the mean duration post-stroke in the group of left cer-
ebral stroke was 13.8 months (p value=0.870). Regarding
the site of the lesion, 6 of the right cerebral stroke group
and 3 patients of the left cerebral stroke group had tem-
poral lesions, and 5 patients of the right cerebral stroke
group and 8 patients of the left cerebral stroke group had
tempo-parietal lesions. Three patients of the right cer-
ebral stroke group had a fronto-parietal lesion and only
one patient of the right cerebral stroke group had a pari-
etal lesion. Four patients of the left cerebral stroke group
had a fronto-temporal lesion (p value =0.032).
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Table 2 revealed a highly significant difference among
the three groups regarding the total score of the auditory
perceptual/recognition questionnaire with a highly sig-
nificant difference between; control versus right cerebral
stroke group patients (p value= <0.001), control versus
left cerebral stroke group patients (p value= <0.001) and
between right versus left cerebral stroke group patients
(p value= <0.001).

Comparison among the three groups regarding the
scores of the items of the auditory perceptual/recog-
nition questionnaire showed a significant difference
between the control and right cerebral stroke group
regarding discriminating speakers’ voices either male
or female (p value=0.032), discriminating sound of the
door or phone (p value=0.005), recognizing rhymes or
verses of holly books (p value=0.005), and recogniz-
ing the emotional state of the speakers through their
voices (p value=0.032). There was a significant differ-
ence between the control versus the left cerebral stroke
groups regarding all the items except for attention
to the sound of radio or TV and discriminating fam-
ily members according to their voices (p value=0.211).
There was a significant difference between right versus
left cerebral stroke groups regarding attention to sound
source either near or far (p value<0.001) and discrimi-
nating prosodic intonation of statement or interrogation
(p value= <0.001) with a higher percentage in right cer-
ebral stroke group (Table 3).

Table 4 shows a comparison among the three studied
groups: the normal group, right cerebral stroke group,
and left cerebral stroke group regarding the subtest
scores of the non-verbal items of the auditory perceptual/
recognition skills assessment. There was a highly signifi-
cant difference among the 3 groups with higher scores
in the control (normal) group except for the score of
music recognition which showed an equal score between
the control (normal) and the right cerebral hemisphere
stroke groups.

The pairwise comparison between each 2 groups
regarding the scores of the assessment of the non-verbal
auditory perceptual/recognition skills revealed a highly
significant difference among the 3 groups regarding the
subtest scores of the non-verbal domain except for the
score of music recognition and the score of environmen-
tal sounds recognition that showed no significant differ-
ence between the control group and the right cerebral
stroke group (p value=1, 0.084, respectively) and for the
score of music perception and music performance tasks
that showed no significant difference between the right
and left cerebral stroke groups (p value=0.158, 0.093,
respectively).

Table 5 shows that there was a significant difference
among the three studied groups regarding the subtest
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scores of the verbal domain of the auditory perceptual/
recognition skills assessment and the total score (verbal
and non-verbal) of the whole assessment with a higher
score in the control group (p value= <0.001).

The pairwise comparison between each two studied
groups regarding the scores of the assessment of subtests
(recognition of the sound related to a speech stimuli and
syllable/word discrimination) and test scores of the ver-
bal domain of the auditory perceptual/recognition skills
assessment and the total score of the assessment shows
there was a significant difference among the three groups
regarding all subitems of the verbal domain of the audi-
tory perceptual/recognition skills assessment and the
total score with a higher score in the control group versus
both stroke groups (p values = <0.001) and a higher score
in right cerebral stroke group in comparison to left cer-
ebral stroke group (p value= <0.001,<0.001, and 0.014,
respectively).

The only positive correlation was found between the
score of the questionnaire and the score of recognition of
the sound related to speech stimuli in the right cerebral
stroke group (r value=0.900, p value =0.006) while there
was a significant positive correlation between the total
score of the questionnaire and the scores of music per-
ception (r value=0.718, p value=0.045), the total score
of non-verbal auditory recognition/perceptual skills
assessment (r value=0.746, p value=0.034) and the total
score of the whole auditory perceptual/recognition skills
assessment (r value=0.715, p value=0.046) in the left
cerebral stroke group (Table 6).

The questionnaire showed a cut-off level of <9 to dis-
criminate the right cerebral stroke group from normal
with 71.43% sensitivity and 100% specificity. It showed a
cut-off level of <7 to discriminate the left cerebral stroke
group from normal with 100% sensitivity and 100% speci-
ficity. It showed a cut-off level of <6 to discriminate the
left cerebral stroke group from the right cerebral stroke
group with 87.50% sensitivity and 100% specificity. It
showed a cut-off level of <9 to discriminate cerebral
stroke patients from the control group with 86.67% sensi-
tivity and 100% specificity (Table 7).

Discussion

There are three main types of sounds. Speech refers to
sounds either produced by the human vocal tract or are
imitative of the human vocal tract, and which have lin-
guistic content. Music is structured sound, organized
(necessarily by humans) to convey some aesthetic intent.
Conversely, environmental sounds, lacking a linguistic or
aesthetic structure, are naturally occurring non-speech,
non-music sounds. They are listened to largely for the
purpose of identifying the source of the sound [15].
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Speech perception and environmental sound percep-
tion are separable in the brain. A similar dissociation
between speech and music has often been found; the
term amusica is the music analog of agnosia; the third
dissociation, between music and environmental sounds,
has been rarely reported [16].

The current research is an attempt to study if there are
any differential marks between right and left cerebral
stroke patients regarding their perceptual auditory skills.
This research addresses auditory skills across the percep-
tion of music, speech, and environmental sounds. This
will help draw the auditory profile of these patients across
the three aspects of sounds that may pose a big effect on
their quality of life.

The current study showed that males represent the
higher constituent of the sample under the study than
females (Table 1). This could be explained by the fact that
cerebral vascular stroke is more common in males than
females being vulnerable to more risk factors as hyper-
tension, diabetes and the hazardous effect of smoking.
Another explanation by Carandang et al. [17] stated that
females are protected by the effect of endogenous estro-
gen which has anti-inflammatory effects. Regarding the
age distribution, the mean ages of cerebral stroke groups
were 55.93 for right cerebral stroke and 60.47 for left cer-
ebral stroke (Table 1). This could be interpreted by the
fact that aging is directly proportional to the incidence of
stroke being one of the most important non-modifiable
risk factors. Atherosclerosis, diabetes, and cerebrovascu-
lar insults are more common in old age. This goes with
many studies in the literature as Kelly-Hayes [18] and
Roy-O’Reilly and McCullough [19].

The designed questionnaire in the current study
included variable items ranging from the ability of sim-
ple perception and attention to sounds to recognizing
and discriminating the prosodic and supra-segmental
features of speech such as the pitch. Both cerebral stroke
groups showed difficulty compared to normal in their
auditory perceptual abilities (Table 2) with more difficul-
ties found in the left cerebral hemisphere than the right
cerebral hemisphere group (Table 3).

The difficulties faced by the stroke groups go in line
with the fact reported in the literature of the presence of
auditory perceptual and processing difficulties in post-
stroke patients [4]. There is good evidence that aphasic
patients are poorer not only in semantic but also in ver-
bal acoustic tasks requiring relatively fine discrimination
[20]. This is supported in the current results of question-
naire findings of the difficulty of both cerebral stroke
groups in recognizing rhymes and verses of holly books
that need the perception of the semantic and acoustic
features of the auditory signals.
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Table 1 Description of the demographic data of the groups under study according to gender distribution, age, duration post-stroke,

and site of the lesion

Demographic data Control (n=30)

Dysphasic adults (n=30)

Test of sig p

Right cerebral stroke

Left cerebral stroke

No % No % No %
Sex
Male 22 733 11 733 10 66.7 ?=0352 MCp=0.932
Female 8 26.7 4 26.7 5 333
Age (years)
Min.—Max 36.0-74.0 42.0-69.0 48.0-69.0 F=1378 0.260
Mean+SD 55.53+£11.58 55.93+828 6047 £6.21
Median (IQR) 57.50 (42.0-63.0) 56.0 (50.0-62.0) 61.0 (56.50-65.50)
Duration post-stroke (months)
Min.-Max - 6.0-24.0 5.0-48.0 U=108.000 0.870
Mean+SD - 11.53+497 13.80+11.21
Median (IQR) - 11.0 (7.50-13.50) 10.0 (7.50-15.0)
Site of the lesion
Temporal - - 6 400 3 200 ’=8.885" MCp=0.032"
Temporo parietal - - 5 333 8 533
Fronto parietal - - 3 20.0 0 0.0
Parietal - - 1 6.7 0 0.0
Fronto temporal - - 0 0.0 4 26.7

IQR Interquartile range, SD Standard deviation, x? chi-square test, MC Monte Carlo, F F for one-way ANOVA test, U Mann-Whitney test, p p value for comparing

between the three studied groups

" Statistically significant at p <0.05

Table 2 Comparison between the three studied groups according to the total questionnaire

Total questionnaire Control (1=30) Dysphasic adults (n=30) F p Sig. bet. grps
Right cerebral Left cerebral Control vs.right  Control vs. left Right vs. left
stroke (n=15) stroke (n=15)
Min.-Max 100-100 7.0-100 40-70 210663°  <0001" <0001 <0.001" <0001
Mean +SD 10.0+£0.0 857+1.13 538+0.92
Median (IQR) 10.0 8.0 (8.0-9.50) 5.0 (5.0-6.0)

IQR Interquartile range, SD Standard deviation, F F for one-way ANOVA test, pairwise comparison between each 2 groups was done using post hoc test (Tukey), p p

value for comparing between the three studied groups

" Statistically significant at p <0.05

Findings of the questionnaire demonstrated that the
affected auditory skills were related to discriminat-
ing acoustic factors more than linguistic/semantic
factors in the right cerebral hemisphere stroke and to
linguistic/semantic and acoustic factors in the left cer-
ebral hemisphere stroke. This is supported in the cur-
rent study by the questionnaire findings that the right
cerebral stroke patients showed difficulty compared to
normal in their ability to discriminate speakers’ voices
based on gender, discriminate the sound of door or
phone, and recognize the emotional state of the speak-
ers through their voices. Typically adults can accurately

extract gender from acoustical information in voices
based on pitch and formant frequencies [21]. Previ-
ous researches by Belin et al. pointed to that functional
magnetic resonance imaging (fMRI) studies have high-
lighted regions located along the superior temporal
sulcus (STS) responsible for the processing of voices,
for both linguistic and extra-linguistic information in
humans. The processing of extra-linguistic aspects of
voices engaged primarily the anterior STS—the tem-
poral pole—of the right hemisphere, as only this region
discriminated vocal from non-vocal sounds in the
absence of speech information [22, 23]. In addition,
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Table 3 Comparison among the control, the right, and left cerebral groups regarding the scores of the subitems of the auditory

perceptual/recognition skills questionnaire

Questionnaire Control Dysphasic adults (n=30) Sig. bet. grps

(n=30)

Right cerebral Left cerebral Control vs. right Control vs. left Right vs. left
stroke (n=15)  stroke (n=15)

% % %
1. Attention to loud and low sounds 1000 100.0 500 - p=0001" Ep=0077
2. Attention to the sound source either 100.0 100.0 0.0 - Fp<0.001" Ep<0.001"
near or far
3. Attention to the sound of radio or TV 100.0 100.0 100.0 - - -
4. Discriminating speaker’s voice either 100.0 714 375 Fp=0032" Fp<0001 p=0315
male or female
5. Discriminating sound of door or phone  100.0 57.1 625 Fp=0.005" Fp=0.007" Fp=1.000
6. Recognizing rhymes or verses of holly ~ 100.0 57.1 75.0 Ep=0.005" FEp=0.040" Ep=0608
books
7. Discriminating prosodic intonationof ~ 100.0 100.0 0.0 - Ep<0.001” Ep<0.001"
statement or interrogation
8. Discriminating family members through  100.0 100.0 875 - Fp=0211 FEp=1.000
their voices
9. Recognizing the emotional state of the  100.0 714 500 Fp=0032" Fp=0001" FEp=0608
speakers through their voices
10. Recognizing the voice of the speaker 1000 100.0 75.0 - Fp=0.040" FEp=0467

through phone

X’ chi-square test, MC Monte Carlo, p p value for comparing between the studied groups

" Statistically significant at p <0.05

Lattner et al. [24] stated that female voices produced
stronger bilateral responses than male voices, with right
hemisphere dominance, in the superior temporal gyrus
(STG), whereas Sokhi et al. [25] reported that female
voice processing involved the STG while male voices
produced a larger response in the right precuneus.

As regards the difficulty of the group of patients (right
and left) to discriminate door from phone sounds, this
can be attributed to the difficulty experienced by the
stroke patients in extracting the features of the acoustic
signals in order to identify the source of the sound to be.
The listener may have to focus on short-term spectral-
temporal properties in order to identify the source as rap-
idly as possible as opposed to tracking over an extended
period of time, which is required to extract the ‘message’
conveyed by speech or music [26].

Both cerebral stroke groups under study showed an
affected ability to recognize the emotional state of the
speakers through their voices. Affective prosody con-
veys a speaker’s emotional state largely through global
changes in pitch height and loudness, although other
acoustic features also serve to disambiguate emotional
states [27]. Emotional expressions can take the form of
“affect bursts” [28] that have emotional but not semantic
meaning or can occur concurrently with normal speech.
Literature clarified that individuals with cerebral damage

after stroke have impaired affective prosodic percep-
tion [29, 30].

Regarding the scores of the non-verbal items of the
auditory perceptual/recognition skills assessment,
there was a highly significant difference among the 3
groups with higher scores in the control group except
for the score of music and environmental sounds rec-
ognition that showed non-significant differences
between the control and the right cerebral hemisphere
stroke group as shown in (Table 4). This could be par-
tially attributed to the fact of the specialization of the
right cerebral hemisphere in dealing with music and
speech prosody. For the left hemisphere, although
its specialization is mainly for language but stroke of
the left cerebral hemisphere can affect cognition and
good comprehension of the verbal instructions given
for nonverbal tasks. The good receptive and expressive
linguistic ability of patients with a stroke of the right
hemisphere might support their better response to
some aspects of the presented non-verbal tasks. How-
ever, the findings of the good ability of right cerebral
stroke when compared to normal in the tasks of rec-
ognition of music and environmental sounds raised an
interesting point to investigate. Applying the study to
a larger sample size may clarify the subtle differences
that are expected in the right cerebral stroke group or
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Table 4 Comparison between the control, right cerebral, and left cerebral stroke groups regarding the subtest scores of the non-
verbal domain of the auditory perceptual/recognition skills assessment

Assessment of auditory perceptual/  Control (n=30)

Dysphasic adults (n=30) Test of sig P

recognition skills (non-verbal)

Right cerebral stroke

Left cerebral stroke

Music recognition

Min.-Max 10.0-100 10.0-100 90-100 F=7773" 0.001"
Mean+SD 100400 10.0+0.0 9.73+0.46
Median (IQR) 100 100 10.0 (9.50-10.0)

Music discrimination
Min.-Max 120-120 80-11.0 7.0-100 F=167.259" <0.001"
Mean+SD 120400 980101 840+0.83
Median (IQR) 120 10.0 (9.0-11.0) 80 (8.0-9.0)

Music perception
Min~Max 10.0-10.0 3.0-6.0 0.0-6.0 H=52.837" <0001
Mean +SD 10.0£00 480+1.15 2874203
Median (IQR) 100 5.0 (4.0-6.0) 2.0 (2.0-4.0)

Music performance
Min.~Max 10.0-100 3.0-6.0 0.0-4.0 H=54.269" <0.001"
Mean+SD 100400 387+074 233+123
Median (IQR) 100 4.0 (3.50-4.0) 2.0 (2.0-3.50)

Environmental sounds recognition
Min.-Max 23.0-240 220 -240 150-180 F=1101481" <0001"
Mean+SD 2397+0.18 2360+0.74 16.40+0.74
Median (IQR) 240 (24.0-24.0) 240 (23.50-24.0) 16.0 (16.0-17.0)

IQR Interquartile range, SD Standard deviation, F F for one-way ANOVA test, pairwise comparison between each 2 groups was done using post hoc test (Tukey), HH

for Kruskal-Wallis test, pairwise comparison between each 2 groups was done using post hoc test (Dunn'’s for multiple comparisons test), p p value for comparing
between the three studied groups, p, p value for comparing between control and right cerebral stroke, p, p value for comparing between control and left cerebral

stroke, p; p value for comparing between right and left cerebral stroke
" Statistically significant at p <0.05

may be more challenging items should be added to this
part of the non-verbal auditory perceptual test to dif-
ferentiate between the control and the right cerebral
stroke group.

These results are in partial agreement with the study
of Vignolo [13] who clarified that both left and right cer-
ebral hemisphere stroke patients had difficulty in the per-
ception and recognition of the music and precisely stated
that right hemisphere lesions tended to disrupt both the
apperception of the environmental sounds and melody,
while the difficulties faced by the left hemisphere lesions
are mainly due to affected semantic identification of
music and environmental sounds.

The findings of the current study were also in agree-
ment with previous studies such as Doesborgh [31]. His
study revealed higher scores in right cerebral stroke than
left cerebral stroke in scores of non-verbal items of rec-
ognition skills assessment. Gialanella [32] in his study
also found that right cerebral stroke patients with apha-
sia had higher scores in the non-verbal domain than
those with left cerebral stroke patients both at admission
and discharge. They suggested that their results may be

attributed to severe affection of comprehension in left
cerebral stroke patients which stand in their way to per-
ceive and perform the tasks of the assessments.

The finding of the current study was not in agreement
with a study done by Rosslau et al. [33] who applied tests
for rhythm, melody, and pitch on left-sided as well as
right-sided cerebral insult patients. His results showed
significant impairments in the stroke groups compared
to the normal ones. The side of the lesion of his patients
had a significant effect on their applied receptive melody
interval test and the rhythm test, with left-hemispheric
stroke patients performing better than right-hemispheric
stroke patients in both tests. He attributed his results to
that the right hemisphere is more engaged in melodic
(pitch and contour), timbre perception and the percep-
tion of spectral features so the right-sided stroke subjects
had the worse results.

Regarding the verbal items of the auditory percep-
tual/recognition skills assessment and the total (verbal
and non-verbal) scores of the assessment, there was a
highly significant difference among the 3 groups with
better scores in the control (normal) group as shown in



Abdel Hady et al. The Egyptian Journal of Otolaryngology

(2023) 39:130

Page 10 of 12

Table 5 Comparison between the three studied groups regarding the scores of the subitems of the verbal domain of auditory
perceptual/recognition skills assessment and regarding the total score (verbal and non-verbal) of the assessment

Assessment of auditory perceptual/ Control (n=30) Dysphasic adults (n=30) Test of sig P
recognition skills (verbal)
Right cerebral stroke Left cerebral stroke
Recognition of the sound related to a speech stimuli
Min.—Max 19.0-20.0 17.0-20.0 15.0-18.0 F=135308" <0.001"
Mean +SD 19.90+0.31 18.80+£0.94 16.47+0.83
Median (IQR) 20.0 (20.0-20.0) 19.0 (18.0-19.50) 16.0 (16.0-17.0)
Syllable/word discrimination
Min.-Max 34.0-34.0 30.0-34.0 20.0-25.0 F=716.007" <0001"
Mean +SD 340+0.0 3240+1.24 22.87+1.46
Median (IQR) 34.0 32.0(32.0-33.50) 23.0 (22.0-24.0)
Total (verbal and non-verbal) score
Min.—Max 118.0-120.0 97.0-107.0 72.0-89.0 H=54.840" <0001
Mean £SD 119.87+043 103.27+2.15 79.07+527
Median (IQR) 120 (120.0-120.0) 103 (103.0-104.0) 78 (77.50-82.50)

IQR Interquartile range, SD Standard deviation, F F for one-way ANOVA test, pairwise comparison between each 2 groups was done using post hoc test (Tukey), HH
for Kruskal-Wallis test, pairwise comparison between each 2 groups was done using post hoc test (Dunn'’s for multiple comparisons test), p p value for comparing
between the three studied groups, p, p value for comparing between control and right cerebral stroke, p, p value for comparing between control and left cerebral

stroke, p; p value for comparing between right and left cerebral stroke

" Statistically significant at p <0.05

(Table 5). The low scores of right cerebral stroke group
subjects than control group subjects could be explained
by the fact that patients with right cerebral hemisphere
stroke have limitations with their verbal communication
as stated by Kirshner [34]. This finding goes with Wam-
baugh and Ferguson [35] who stated that right hemi-
sphere brain-damaged patients have subtle-semantic
difficulties and they produced obscure responses on
word-association tasks. The better scores with significant

differences of the right hemisphere than left hemisphere
stroke subjects were expected as auditory comprehension
and basic language skills are greatly affected in left than
right hemisphere stroke. This goes with Maffei et al. [14]
point of view that suggested that the left posterior supe-
rior temporal gyrus is necessary for adequate processing
of speech sounds, even though the right hemisphere may
support auditory input perception and processing and
compensate for other language impairments.

Table 6 Correlation between the score of the total questionnaire and assessment of auditory perceptual/recognition skills

Assessment of auditory perceptual/recognition skills

Total questionnaire

Right cerebral stroke

Left cerebral stroke

r p r p
Non-verbal
Music recognition - - 0.038 0.929
Music discrimination 0.352 0439 0.165 0.695
Music perception 0314 0493 0.718" 0.045"
Music performance 0.222 0.632 0.647 0.083
Environmental sounds recognition —-0.240 0.604 0.565 0.145
Total non-verbal 0.349 0444 0.746" 0.034"
Verbal
Recognition of the sound related to speech stimuli 0.900" 0.006" 0.165 0.695
Syllable/word discrimination 0.311 0497 0.590 0.124
Total 0.669 0.100 0715 0.046"

r Pearson coefficient
" Statistically significant at p <0.05
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Table 7 ROC curve of the total questionnaire to discriminate patients from control

Total questionnaire AUC p 95% C.l Cut off® Sensitivity Specificity PPV NPV
Right cerebral stroke from control 0.857 0.004" 0.651-1.064 <9 7143 100.0 100.0 93.7
Left cerebral stroke from control 1.000 <0.001" 1.000-1.000 100.0 100.0 100.0 100.0
Left cerebral stroke from Right 0.991 0.001" 0.956-1.026 <6 87.50 100.0 100.0 875
Discriminate cerebral stroke from control 0.933 <0.001" 0.830-1.036 <9 86.67 100.0 100.0 93.8

AUC Area under a curve, p value probability value, CI Confidence intervals, NPV Negative predictive value, PPV Positive predictive value

2 Cut-off was chosen according to the Youden index
* Statistically significant at p <0.05

The questionnaire managed to correlate significantly
with the total nonverbal and the total score of the whole
auditory perceptual/recognition skills assessment in the
left cerebral stroke (Table 6). However, it showed only
a significant correlation with one aspect of the verbal
domain of the auditory perceptual/recognition assess-
ment skills in the right cerebral hemisphere. In addition
to the difference in the questionnaire finding that the
right hemisphere showed significant difficulty compared
to normal in discriminating the sound of a door from a
phone; however, the auditory perceptual test showed no
significant difference between the control group and the
right cerebral stroke group in their ability to recognize
environmental sounds. The previous finding might indi-
cate that the subtle difficulties may be detected from the
subjective perspective but a thorough assessment is still
needed to pinpoint the actual difficulties, especially in
the right cerebral stroke group. On the other side, both
the questionnaire and the auditory perceptual test can be
combined to tackle the auditory perceptual/recognition
difficulties found in the cerebral stroke group, especially
in the right cerebral stroke patients.

Sensitivity is the ability of a test to correctly classify
an individual as “diseased” while the ability of a test to
correctly classify an individual as disease-free is called
the test’s specificity. The detected cut-off level of the
current questionnaire could discriminate between the
control and the cerebral stroke groups with 100% speci-
ficity and a sensitivity ranging between 71.43 and 100%
(Table 7). This is a promising result indicating that the
questionnaire designed in the current study is specific
and shows good sensitivity based on this preliminary
study. Applying the questionnaire to a larger group and
larger sample size is warranted to confirm its prognostic
performance.

Conclusion and recommendation

Cerebral stroke groups showed auditory percep-
tual difficulties based on the questionnaire findings
and the used auditory perceptual test. The left stroke
group showed greater difficulty compared to right cer-
ebral stroke patients. There is a significant correlation

between the questionnaire scores and the scores of
auditory perceptual tests in left stroke patients. The
questionnaire is specific and shows good sensitivity.
Although the number of patients is relatively small;
however, the findings of the current study clarified
the presence of potential auditory perceptual difficul-
ties through the questionnaire and the testing findings.
Correlating the findings of the questionnaire and the
auditory perceptual test with instrumental measuring
of auditory processing deficits and replication of the
study on a large sample size are warranted to detect the
prevalence and the size of difficulty in stroke patients.
Routine auditory testing of both peripheral and central
auditory abilities will be beneficial in addressing the
stroke patients’ difficulties for a better benefit during
rehabilitation in order to achieve better linguistic out-
comes in this kind of population.
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