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H I G H L I G H T S

� Central auditory processing disorder was detected in all the individuals in the study group.

� The study group had worse performance with a statistically significant difference.

� The changes especially are in auditory closure and temporal processing as compared to the control group.

A R T I C L E I N F O A B S T R A C T

Introduction: Traumatic brain injury can impair the central auditory pathways and auditory cortex. Hence, individ-

uals who suffered a traumatic brain injury may be at risk of central auditory processing disorders, which can be

identified with behavioral tests that assess central auditory function.

Objective: To characterize and compare the performance of children and adolescents with and without a history of

traumatic brain injury in behavioral tests that assess central auditory processing.

Method: The sample comprised 8- to 18-year-old individuals of both sexes who suffered moderate or severe closed

traumatic brain injury 3 to 24 months before their participation in the study and whose hearing thresholds were

normal. These individuals were matched for sex and age with other subjects without a history of traumatic brain

injury and submitted to behavioral assessment of the central auditory processing with special tests to assess hear-

ing skills (namely, auditory closure, figure-ground, and temporal processing), selected according to their chrono-

logical age and response-ability.

Results: The study group performed statistically worse than the comparison group in auditory closure, figure-

ground in verbal dichotic listening, and temporal ordering. The central auditory processing tests with abnormal

results in the comparison group were different from those in the study group.

Conclusion: Central auditory processing disorders were identified in all subjects of the study group, especially

involving auditory closure and temporal processing skills, in comparison with subjects without a history of trau-

matic brain injury.
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Introduction

Traumatic Brain Injury (TBI) is any traumatic aggression resulting in

an anatomical lesion or functional impairment of the meninges, brain,

or vessels.1 These lesions may be caused by impact and/or acceleration/

deceleration movement of the brain in the skull.2

Depending on its mechanism, TBI can be classified as closed or pene-

trating − which is the most common in childhood, due to falling, being

run over, or suffering car accidents or aggressions.3 It can also be classi-

fied based on the severity of the lesion, following the Glasgow Coma

Scale (GCS).4

In Brazil, TBI is responsible for more than 75% of child deaths.5 How-

ever, no recent studies on the epidemiological incidence of TBI in Brazil

were found, particularly such that included children and adolescents.

TBI potentially damages the Central Nervous System (CNS) and, con-

sequently, the central auditory pathways and the auditory cortex. Central

auditory processing refers to the efficiency and effectiveness with which

the Central Auditory Nervous System (CANS) uses auditory information.

Acoustic signals must be adequately analyzed and interpreted to convey

a meaningful message. Hence, TBI may be a risk factor for Central Audi-

tory Processing Disorders (CAPD), which can be identified with electro-

physiological and behavioral tests that assess central auditory function.6
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However, it is difficult to assess the consequences of lesions and their

meaning at different stages of development, particularly in individuals

whose developmental processes are simultaneous with the effects of

brain lesions. Thus, children whose brain is still developing and suffered

a TBI must be evaluated, considering the complex processes that either

independently or synergically influence the results of the trauma and

their recovery from it.7−9

The literature has already given evidence of changes in auditory

skills (such as speech perception in noise and integration of auditory

information in dichotic activities) in adults who had milder lesions, such

as concussions.10 Studies with adults who suffered a severe TBI also

observed changes in auditory processing, demonstrated with behavioral

tests.11

Nonetheless, few studies have addressed the central auditory path-

way and TBI in children. There are scarce data on auditory processing in

children in Brazil and worldwide. The authors have extensively searched

the recent literature and found recent approaching cognitive functions in

mild TBI, but no study involving central auditory processing assessment

in children with moderate and severe TBI.

Also, some children and adolescents’ particularities differ from the

adults’ (e.g., greater plasticity). Hence, the consequences of acquired

neurological lesions to this population’s central auditory processing

must be understood.

Considering the possibility that TBI may have negative consequences

on the CANS, the study hypothesized that children and adolescents who

suffered a TBI would perform worse in behavioral Central Auditory

Processing (CAP) tests than their peers with no neurological injury.

Given the above, the objective of this study was to characterize how

children and adolescents who suffered a moderate or severe TBI per-

formed behavioral auditory processing tests and compare them with

individuals without a history of TBI.

Method

This study was carried out at the Electrophysiology and Auditory

Processing Outpatient Centers of the Universidade Federal de S~ao Paulo

- UNIFESP, having been approved by the Research Ethics Committee of

the Universidade Federal de S~ao Paulo - UNIFESP, under number 0226/

2014.

The study group comprised ten 8- to 18-year-old individuals of both

sexes who had suffered moderate or severe closed TBI (rated 3 to 13 on

the Glasgow scale at hospital admission) 3 to 24 months before they par-

ticipated in the study. They were right-handed, with normal auditory

thresholds, type A tympanogram, and no evident behavioral changes.

All patients had been referred by the Neurosurgery and Neurotrauma

Outpatient Center of the Universidade Federal de S~ao Paulo - UNIFESP,

regardless of the type of lesion, either alone or in combination. These eli-

gibility criteria were defined by the speech-language-hearing therapists

and the neurologist responsible for the study. All children’s parents/

guardians signed an informed consent form.

The comparison group comprised 10 individuals without a history of

TBI who matched with the study group for sex, age, and grade in school.

They had been referred for central auditory processing assessment.

Participants sat in a sound booth for behavioral auditory processing

assessment, wearing TDH-50P supra-aural earphones. They were

instructed to listen to the CD-recorded tests and then, according to each

test procedure, repeat words, point to images, or imitate sounds, as

requested by the examiner.

The following tests were conducted: Sound Localization Test (SLT),

Sequential Memory Test for Verbal sounds (SMTV), Sequential Memory

Test for Nonverbal sounds (SMTNV), Duration Pattern Test (DPT), Dich-

otic Consonant-Vowel Test − Free Recall condition (DCVT-FR), Dichotic

Digits Test (DDT), dichotic Staggered Spondaic Word (SSW), Synthetic

Sentence Identification with Ipsilateral Competing Message (SSI-ICM)/

Pediatric Speech Intelligibility with Ipsilateral Competing Message (PSI-

ICM), Random Gap Detection Test (RGDT), Speech Recognition

Percentage Index (SRPI), and Speech by White Noise Test (SWNT).

These tests encompass auditory skills and underlying physiological

mechanisms that can be assessed with behavioral tests. Since the tests

are selected based on chronological age, different dichotic tests were

used to meet developmental aspects. The behavioral test battery used in

this study is summarized in Table 1, considering auditory skills, and

underlying physiological mechanisms.

Tests were applied in the following order: firstly, the diotic, monotic,

and dichotic tests, and lastly, the temporal processing tests. All partici-

pants were analyzed considering the normal values for their age, and

the tests were administered in three 1-h sessions.

Their performance in each behavioral test and the group compari-

sons were submitted to descriptive statistical analysis. The student’s t-

test was also used; the p-value was set at 0.05 and confidence intervals

were 95%.

Results

The study group comprised 10 children and adolescents with a mean

age of 10.9 years, whose mean score on the Glasgow scale at hospital

admission was 7.9 and whose mean hospital stay was 25.8 days (of

which, 7.5 days were in an induced coma). The comparison was enabled

by recruiting a comparison group matched for sex and age, whose partic-

ipants did not have a history of TBI (Table 2).

As seen in Table 2, the participants’ length of hospital stays and

length of coma varied greatly, due to the different lesions − which

occurred either alone or in combination, determining the severity of the

condition and the necessary treatments.

Some data collected from the clinical history that might interfere

with their performance (such as grades in school, failures in school, and

complaints and difficulties previous to the trauma) are highlighted in

Table 3. Post-trauma complaints, which were present in 100% of the

sample, were also surveyed.

The results of the behavioral CAP assessment comparing both groups

are given in detail in Table 4. Right- and left-ear speech by white noise

test, sequential memory test (with three verbal sounds), and left-ear

dichotic staggered spondaic word had statistically significant differences

between the groups − the study group performed worse than the com-

parison group.

Behavioral CAP assessment results were classified as either normal or

abnormal, according to the normal values of each procedure. The quali-

tative analysis of the study and comparison group tests are, respectively

shown in Tables 5 and 6.

As seen in Table 5, some behavioral tests had abnormal results in

more than 60% of the study group − such as speech by white noise

(100% abnormal results), dichotic staggered spondaic word

(90% abnormal results), and duration pattern test (80% abnormal

results).

Table 6 classified the results of the comparison group, showing

that 70% of the individuals had at least one abnormal result, whereas

the other 30% had normal results in all tests.

Tables 5 and 6 indicated that no participating child or adolescent

who suffered a moderate or severe TBI had normal results in the behav-

ioral CAP assessment. All assessments resulted in at least two abnormal

tests − unlike the comparison group, in which 30% of the participants

had normal assessment results for their age.

Concerning auditory skills, Fig. 1 compared the performance of the

two groups regarding the percentage of abnormal results. All the

highlighted auditory skills reveal that the study group performed worse

than the comparison group (especially in auditory closure, figure-ground

in verbal dichotic listening, and temporal ordering), with statistically

significant differences between the groups. There was also a difference

between the groups’ performances in temporal resolution, though not

statistically significant.
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Table 1

Behavioral tests considering auditory skill, physiological mechanism, and normal values.

Test Auditory skill Physiological mechanism Normal values

SLT Sound localization Discriminating the direction of the sound

source

4/5 correct (As long as R and L are not both wrong)

SMTV Temporal ordering Discriminating sequential verbal sounds 2/3 correct

SMTNV Temporal ordering Discriminating sequential nonverbal sounds 2/3 correct

SWNT Auditory closure Discriminating physically distorted sounds in

monotic listening

≥ 70% and SRPI-SWNT < 20%

SSI−ICM Figure-ground in verbal

monotic listening

Discriminating overlapping sounds in monotic

listening

ICM (0) ≥ 80%

ICM (-10) ≥ 70%

ICM (-15) ≥ 60%

DDT Figure-ground in verbal

dichotic listening

Discriminating highly predictable overlapping

verbal sounds in dichotic listening

Free recall: 5 to 6 years: RE ≥ 81% and LE ≥ 74%; 7 to 8 years:

RE ≥ 85% and LE ≥ 82%; > 9 years: RE = LE ≥ 95%

Directed listening: 5 to 6 years ≥70%; 7 to 8 years ≥ 75%;

> 9 years: ≥85%

SSW Figure-ground in verbal

dichotic listening

Discriminating little predictable verbal sounds

in dichotic listening

≥ 90%

Inversions ≥ 1

Auditory effect: [-4 +4]

Order effect: [-3 +3]

Type A response pattern: ≥ 3

DCVT-free recall Figure-ground in verbal

dichotic listening

Discriminating overlapping verbal sounds in

dichotic listening

Right-handed: ≥ 19 correct (RE > LE)

Left-handed: ≥ 19 correct (RE > LE or LE > RE)

DPT Musical tones (up to 8 years old) Temporal ordering Discriminating sound patterns 3 tones: = 100% correct

4 tones: ≥ 90% correct

DPT (Auditec) (up to 11 years old) Temporal ordering Discriminating sound patterns 10 and 11 years: ≥83% correct humming

10 and 11 years: ≥76% correct naming

≥12 years: ≥83% correct naming = humming

DPT (Musiek) (above 11 years old) Temporal ordering Discriminating sound patterns 10 and 11 years: ≥83% correct humming

10 and 11 years: ≥76% correct naming

≥12 years: ≥83% correct naming = humming

RGDT Temporal resolution Temporal processing Mean ≥10 ms

SLT, Sound Localization Test; SMTV, Sequential Memory Test for Verbal sounds; SMTNV, Sequential Memory Test for Nonverbal sounds; SRPI, Speech Recognition

Percentage Index; SWNT, Speech by White Noise Test; PSI, Pediatric Speech Intelligibility; SSI, Synthetic Sentence Identification; ICM, Ipsilateral Competing Message;

SSW, dichotic Staggered Spondaic Word; DPT, Duration Pattern Test; N, Naming; DCVT, Dichotic Consonant-Vowel Test; RGDT, Random Gap Detection Test; ms,

milliseconds.

Table 2

Characterization of the study group regarding sex, age, time of lesion, Glasgow scale at admission, length of stay, length of sedation, and type of lesion.

Sex Age Time of lesion Glasgow at admission Length of stay Length of sedation Type of lesion

M 11 10 months 3 41 days 9 days Acute Subdural Hematoma; Left Temporal Fracture.

M 10 7 months 9 60 days 19 days Traumatic Frontal Intraparenchymal Hematomas; Frontal Contusion.

F 9 10 months 10 33 days 10 days Right Parietal Fracture; Right Hemisphere Edema.

M 8 11 months 13 37 days 7 days Frontal Contusion.

F 16 12 months 4 18 days 5 days Acute Subdural Hematoma; Right Temporoparietal Fracture.

M 8 12 months 9 10 days 0 days Left Temporal Extradural Hematoma.

M 11 22 months 7 25 days 8 days Left Temporal Contusion.

M 8 5 months 7 16 days 8 days Diffuse Brain Edema.

F 18 7 months 9 8 days 3 days Right Temporal Contusion.

F 10 18 months 8 10 days 6 days Left Frontal Fracture; Diffuse Brain Edema.

M, Male; F, Female.

Table 3

Characterization of the sample regarding schooling level, flunking at school, difficulties before TBI, and complaints after TBI.

Subject Age Schooling level Difficulties before TBI Complaints after TBI

1 11 5th grade Restlessness, inattention, and mild school difficulties. Inattention, irritability, poor school achievement, memory change

2 10 5th grade Inattention Aggressiveness, irritability, inattention, school difficulties

3 16 11th grade No School difficulties, inattention, emotional instability, memory change

4 18 12th grade No Inattention and school difficulty

5 8 3rd grade No Irritability, important emotional instability, behavioral changes, inattention

6 10 5th grade No Post-TBI memory difficulties

7 10 4th grade No No complaints from the mother or patient

8 9 4th grade Mild school difficulties and inattention Much inattention, irritability, childish behavior, memory change, strong headaches, dizzi-

ness, important school difficulties

9 8 3rd grade No Inattention

10 8 3rd grade No No complaints from the mother or patient

TBI, Traumatic Brain Injury.
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Discussion

Before discussing the results, one should be aware that no previous

studies with data on CAP in children after TBI were found. Therefore,

research involving different populations (adults) and lesion severity

(mild TBI) was used in this section to better illustrate the authors’

results.

The length of hospital stays and length of the coma of the study

group participants varied greatly, which is explained by the different

lesions found in them. The researchers and the neurologist responsible

for the children’s referrals agreed by consensus that the inclusion criteria

would not be based on the type of lesion but the severity of the TBI, mea-

sured with GCS at hospital admission.

In the study group, 60% of subjects were males and 40% were

females, with a mean age of 10.9 years. This corroborates the literature,

which points out a predominance of TBI neurological lesions in males,

occurring more often in people up to 10 years old in the municipality of

S~ao Paulo.12

Regardless of the type and time of lesion, all individuals had abnor-

mal results, especially in behavioral CAP assessment. As expected, this

demonstrates that TBI may affect the auditory neural substrate.

This may happen because of the susceptibility of axons to

mechanical force, along with the complex connections of the audi-

tory system and its axons, which makes the auditory system a likely

place for dysfunctions due to an impact on the head. The positioning

of the auditory cortex in the temporal lobe also makes it susceptible

to contusions and edema.13

Various authors in the literature have highlighted difficulties in

studying a developing CNS that has had a lesion. In both processes, plas-

ticity results in changes in the neural substrate, reflecting behavioral

changes.7−9

Therefore, besides the age group, some other important information

was surveyed, which could interfere with the results and their interpre-

tation (Table 3). The information revealed that the relatives of only

three individuals complained of inattention and restlessness before TBI,

and only two of these had previous school difficulties, classified as mild

by their families. The families of the other participants had no com-

plaints before the accident that caused TBI.

In contrast, only two families did not have post-TBI complaints.

Inattention, worse school achievement, memory changes, irritability,

emotional instability, aggressiveness, and dizziness were the main com-

plaints of the majority of families.

Table 4

Comparison between the performances of the comparison and study groups in the central auditory processing assessment.

Mean Median Standard

deviation

p-value

SLT Comparison 94.0% 100% 9.7% 0.470

Study 90.0% 100% 14.1%

SMTV (% correct answers) 3 sounds Comparison 100% 100% 0.0% 0.004

Study 76.6% 66.6% 22.5%

4 sounds Comparison 83.3% 100% 23.6% 0.754

Study 80.0% 83.3% 23.3%

SMTNV (% correct answers) 3 sounds Comparison 100% 100% 0.0% 0.331

Study 96.7% 100% 10.6%

4 sounds Comparison 80.0% 66.6% 17.2% 0.999

Study 80.0% 83.3% 23.3%

SRPI (% correct answers) RE Comparison 91.2% 92.0% 3.2% 0.076

Study 87.6% 88.0% 5.1%

LE Comparison 94.0% 96.0% 3.9% 0.191

Study 91.8% 92.0% 3.3%

SWNT (% correct answers) RE Comparison 82.4% 84.0% 6.9% < 0.001

Study 48.4% 48.0% 14.4%

LE Comparison 79.6% 80.0% 6.4% < 0.001

Study 45.6% 48.0% 19.4%

SSW (% correct answers) RE Comparison 87.3% 88.8% 8.2% 0.525

Study 82.9% 93.8% 19.7%

LE Comparison 83.5% 85.0% 14.4% 0.040

Study 64.3% 63.8% 23.5%

PSI/SSI-ICM (0) (% correct answers) RE Comparison 100% 100% 0.0% 0.331

Study 99.0% 100% 3.2%

LE Comparison 98.0% 100% 6.3% 0.331

Study 100% 100% 0.0%

PSI/SSI-ICM (-15) (% correct answers) RE Comparison 85.6% 80.0% 11.3% 0.322

Study 82.0% 80.0% 10.3%

LE Comparison 83.3% 80.0% 8.7% 0.717

Study 83.0% 80.0% 14.2%

DPT (N) (% correct answers) Comparison 81.2% 85.0% 17.6% 0.052

Study 60.0% 65.0% 27.1%

DCVT-free recall condition (number of correct answers) RE Comparison 12.10 12.0 2.92 0.436

Study 11.10 10.5 2.69

LE Comparison 7.30 7.0 1.83 0.569

Study 6.70 6.0 2.71

Errors Comparison 4.60 3.5 2.63 0.233

Study 6.30 5.0 3.47

RGDT (ms) Comparison 5.63 6.0 2.39 0.134

Study 20.25 8.8 29.36

t-Student’s test.

SLT, Sound Localization Test; SMTV, Sequential Memory Test for Verbal sounds; SMTNV, Sequential Memory Test for Non-

verbal sounds; SRPI, Speech Recognition Percentage Index; SWNT, Speech by White Nise Test; PSI, Pediatric Speech Intelli-

gibility; SSI, Synthetic Sentence Identification; ICM, Ipsilateral Competing Message; SSW, dichotic Staggered Spondaic

Word; DPT, Duration Pattern Test; N, Naming; DCVT, Dichotic Consonant-Vowel Test; RGDT, Random Gap Detection Test;

ms, milliseconds; RE, Right Ear; LE, Left Ear.
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Table 5

Summary table of the qualitative analysis of the behavioral central auditory processing tests in the study group.

Green, Normal; Red, Abnormal; SLT, Sound Localization Test; SMTV, Sequential Memory Test for Verbal sounds; SMTNV, Sequential Memory Test

for Nonverbal sounds; SWNT, Speech by White Noise Test; PSI, Pediatric Speech Intelligibility; SSI, Synthetic Sentence Identification; SSW, dichotic

Staggered Spondaic Word; DPT, Duration Pattern Test; DCVT, Dichotic Consonant-Vowel Test; RGDT, Random Gap Detection Test.

Table 6

Summary table of the qualitative analysis of the behavioral central auditory processing tests in the comparison group.

Green, Normal; Red, Abnormal; SLT, Sound Localization Test; SMTV, Sequential Memory Test for Verbal sounds; SMTNV, Sequential Memory Test for Non-

verbal sounds; SWNT, Speech by White Noise Test; PSI, Pediatric Speech Intelligibility; SSI, Synthetic Sentence Identification; SSW, dichotic Staggered

Spondaic Word; DPT, Duration Pattern Test; DCVT, Dichotic Consonant-Vowel Test; RGDT, Random Gap Detection Test.
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As found in this study, the literature has demonstrated in clinical

studies with children who suffered a TBI that residual problems may

occur in various abilities, including intellectual capacity, attention,

memory, and even psychiatric disorders.7,14,15

Table 4 compares the groups’ performances in the behavioral

CAP tests. It shows a statistically significant difference between

them in the speech by white noise test and dichotic staggered spon-

daic word.

While both groups had similar performances in the word recognition

score, there was an important decrease in the percentage of correct

answers in the speech by white noise test in both ears in the study group.

A decrease of up to 20% in the number of correct answers is expected,

which highlights the degraded performance when noise is introduced,

using the same stimuli previously presented in silence.

As for the dichotic staggered spondaic word, a difference was

observed between the ears in the study group (the left ear performed

worse), statistically different from the comparison group. This interaural

difference may significantly impair the person’s performance in noisy

environments, indicating the need for a specific intervention to attenu-

ate the difference. An interaural difference in speech perception tests

with difficult hearing may significantly impair communicative perfor-

mance, with consequences to learning as well.

There was a statistically significant difference between the groups in

the sequential memory test for verbal sounds, although both groups’

percentage of correct answers is compatible with normal values for this

test.

The dichotic consonant-vowel test revealed that the study group had

advantages in the right ear, indicating left-hemisphere dominance.

According to the hemisphere specialization theory, the left temporal

lobe plays a more important role than the right one in perceiving linguis-

tic stimuli. This suggests that when different verbal stimuli are presented

to both ears, the stimuli that reach the ear opposite to the dominant

hemisphere are more efficiently recognized.16 Thus, left-hemisphere

dominance in study group children and adolescents suggests a good

prognosis, as the dominant auditory pathway for verbal stimuli still had

an advantage, despite the lesions. The same hemisphere dominance was

perceived in the comparison group, as expected.

Some of the tests had abnormal results for most of the children and

adolescents in the study group. It was the case of speech by white noise

(100% abnormal results), dichotic staggered spondaic word

(90% abnormal results), and duration pattern test (80% abnormal

results). These are the tests with the greatest potential to detect changes

in these populations’ CAP (Table 5).

In a study with adults who suffered a severe TBI, the duration pattern

test had the highest index of abnormal results (60%), while random

gap detection had 50% and the dichotic consonant-vowel test

had 40% abnormal results.17 It can be thus suggested that, in children

and adults who suffered a moderate or severe TBI, behavioral CAP

assessments were quite important to detect changes, although the tests

with the most abnormal results were different in each population.

Children who had concussions were also studied, and their results

showed changes in speech perception of noise, in comparison with their

peers without a previous history of concussion.18

A study assessed post-TBI CAP in 62 children and showed that 16% of

those admitted to the rehabilitation unit after suffering a moderate or

severe TBI had a poor performance in CAP tests involving low-redun-

dancy speech19 − which corroborates the findings in the present study

regarding the speech by white noise test.

In the present research, the behavioral tests with abnormal results in

the study group corresponded to auditory closure, figure-ground in ver-

bal dichotic listening, and temporal ordering (Fig. 1). They predict diffi-

culties in assigning meaning to auditory information, particularly in

analyzing the phonemic system of language, suprasegmental features of

speech, and organization of sound events in time. This coincides with

the main complaints of the children’s and adolescents’ relatives, which

included inattention, memory difficulties, and poor school achievement.

As seen in Table 5, all participants in the study group had abnormal

results in at least two behavioral CAP assessment tests − one of which

was the speech by white noise test, whose results were abnormal in all

children and adolescents.

The speech by white noise test assesses auditory closure. Considering

that all participants were schoolchildren, auditory closure impairment

may hinder the attention and concentration necessary for effective learn-

ing, as the school, particularly the classroom, is a rather noisy environ-

ment.

Another important point to highlight is that temporal processing,

assessed with the duration pattern test in this study, had abnormal

results in 80% of the people in the study group. Discriminating duration

patterns and sound frequencies and perceiving temporal aspects of

sound are known to play an essential role in speech perception, speech

Fig. 1. Comparison between the performances of both groups regarding the percentage of changes found in each auditory skill assessed.
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sound segmentation, and language learning and comprehension, either

spoken or written.

These results demonstrated that CAPD was detected in all study

group participants, assessed with behavioral CAP tests. As for the com-

parison group (Table 6), 40% of the participants had normal results, and

20% had abnormal results in only one test, which does not characterize

CAPD. Therefore, 60% of the participants in the comparison group had

normal results in the CAP assessment.

It is also important to highlight that the CAP tests with the most

abnormal results in the comparison group were different from those in

the study group. This demonstrates that CAPD may occur in the two pop-

ulations, although with different profiles of changes.

Such results indicate that CAP assessments should be part of the pro-

cess of evaluating TBI sequelae, particularly in schoolchildren. Likewise,

electrophysiological assessments of hearing should be included, consid-

ering the academic and language developments that may result from

CAP changes.

A limitation of this study was the difficulty in recruiting children per

type of lesion and forming groups with similar neurological injuries to

understand how CAP behaves in each case. Even though the findings

cannot be generalized due to the small sample size, they point out neuro-

radiologic issues that go beyond the audiogram.20

Further studies are needed to better understand CAP changes caused

by neurological lesions and form groups as homogeneous as possible

regarding the characteristics of the lesion, age at injury, and other fac-

tors that may influence their performance. This will help understand the

consequences of such lesions to CAP, leading to the implementation of

adequate rehabilitation programs that consider the development and

improvement of auditory skills − which are necessary for good speech

and language development.

Conclusion

Central auditory processing disorders were identified in all study

group participants, with statistically significant differences in auditory

closure and temporal processing in comparison with the control group.
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Valle JR, eds. Atualizaç~ao Terapêutica. Manual Pr�atico de Diagn�ostico e Tratamento,

17ª ed, S~ao Paulo: Livraria Editora Artes M�edicas Ltda; 1995:728–30.

3. Carvalho LF, Affonseca CA, Guerra SD, Ferreira AR, Goulart EM. Severe traumatic

braininjury in children and adolescents. Rev Bras Ter Intensiva 2007;19(1):98–106.

4. Guerra SD, Jannuzzi MA, Moura AD. Pediatric head injury. J Pediatr 1999;75(Suppl

2):279–92.

5. Minist�erio da Sa�ude [Internet]. 2000. [acessado em 01 de julho de 2003]. Disponível

em: http://www.datasus.gov.br.

6. Musiek F, Chermak G. Testing and treating (C)APD in head injury patients. Hear J

2008;61(6):36–8.

7. Anderson DC, Catroppa C, Morse S, Haritou F, Rosenfeld J. Functional plasticity, or

vulnerability after early brain injury? Pediatrics 2005;116(6):1374–82.

8. Dennis M, Spiegler BJ, Juranek JJ, Bigler ED, Snead OC, Fletcher JM. Age, plasticity,

and homeostasis in childhood brain disorders. Neurosci Biobehav Rev 2013;37(10 Pt

2):2760–73.

9. Dennis M, Spiegler BJ, Simic N, et al. Functional plasticity in childhood brain disor-

ders: when, what, how, and whom to assess. Neuropsychol Rev 2014;24(4):389–408.

10. Hoover EC, Souza PE, Gallun FJ. Auditory and cognitive factors associated with

speech-in-noise complaints following mild traumatic brain injury. J Am Acad Audiol

2017;28(4):325–39.
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portamental do processamento auditivo em indivíduos p�os traumatismo cranien-

cef�alico: estudo piloto. CEFAC 2013;15(5):1156–62.

18. Thompson CE, Krizman J, White-Schwoch T, Nicol T, LaBella CR, Kraus N. Difficulty

hearing in noise: a sequela of concussion in children. Brain Inj 2018;32(6):763–9.

19. Cockrell JL, Gregory SA. Audiological deficits in brain-injured children and adoles-

cents. Brain Inj 1992;6(3):261–6.

20. Musiek FE, Shinn J, Chermak GD, Bamiou DE. Perspectives on the pure-tone audio-

gram. Am Acad Audiol 2017;28(7):655–71.

7

C.C.F. de Godoy et al. Clinics 77 (2022) 100118

http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0001
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0001
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0003
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0003
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0004
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0004
http://www.datasus.gov.br
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0006
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0006
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0007
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0007
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0008
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0008
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0008
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0009
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0009
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0010
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0010
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0010
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0013
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0013
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0013
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0014
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0014
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0015
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0015
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0016
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0016
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0017
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0017
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0017
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0017
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0017
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0017
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0018
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0018
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0019
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0019
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0020
http://refhub.elsevier.com/S1807-5932(22)03319-1/sbref0020

	Central auditory processing in children after traumatic brain injury
	Introduction
	Method
	Results
	Discussion
	Conclusion
	Authors' contributions
	Declaration of Competing Interest
	References


