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ABSTRACT
Purpose: to identify the most used tests and the changed hearing skills in the central 
auditory processing of individuals with sensorineural hearing loss. 
Methods: an integrative literature review conducted between March and August 2021 
in PubMed/MEDLINE, LILACS, SciELO, IBECS, and Index Psi Scientific Journals. 
The review included studies addressing central hearing skills with central auditory 
processing behavioral tests in subjects with mild to moderate sensorineural hearing 
loss. Two independent reviewers made the study selection, data extraction, and 
qualitative synthesis. The selection aimed at verifying whether the studies answered 
the research question. 
Literature Review: 39 studies were found for full-text reading; after applying the 
eligibility criteria, 13 studies were included in the review. Participants diagnosed with 
sensorineural hearing loss predominantly had hearing changes in verbal tests, in 
comparison with normal standards for individuals without hearing loss. Thus, the most 
changed skills are the ones that depend on speech sound discrimination. 
Conclusion: the Staggered Spondaic Word Test predominated among the most used 
behavioral tests, while the most researched central auditory skills were binaural 
integration and binaural separation.
Keywords: Hearing; Hearing Loss; Auditory Perception; Hearing Disorders; Central 
Auditory, Diseases
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INTRODUCTION
Changes in auditory system integrity can interfere 

with people’s quality of life, with consequences to their 
affective, professional, and social lives1. Sensorineural 
hearing loss can result from changes in the structures 
of the organ of Corti, which consequently lead to neural 
code dysfunction2.

Central auditory processing (CAP) is the set of 
mechanisms and processes responsible for sound 
lateralization and localization, auditory discrimination, 
auditory pattern recognition, temporal aspects of 
hearing (integration, discrimination, ordering, and 
temporal masking), and hearing skills with competitive 
and degraded acoustic signals. The objective of the 
CAP behavioral test is to assess the effectiveness 
with which the central nervous system uses auditory 
information3.

Hence, CAP disorder (CAPD) is a hearing change 
with an impaired ability to analyze and interpret sound 
patterns, characterized by poor performances in one or 
more central hearing skills3.

Audiological practice routinely uses pure-tone 
threshold audiometry to establish the type and degree 
of peripheral hearing changes. To investigate the 
functioning of the central auditory pathways, CAP 
behavioral tests and specific electrophysiological tests 
are recommended4.

Auditory-evoked potential tests objectively furnish 
important information on possible anatomical or 
functional changes in the central auditory pathways. 
Behavioral tests, in their turn, measure aspects related 
to the functioning of hearing skills5.

Lesions in the organ of Corti affect hearing acuity. 
Such peripheral damages may cause a series of 
changes in auditory system skills, hindering acoustic 
and speech signal processing, and affecting commu-
nication. Hearing loss can have significant perceptual 
effects, such as increased hearing threshold, reduced 
dynamic field, discrimination loss, and greater sensi-
tivity to noise. Thus, hearing skill difficulties can coexist 
with peripheral hearing loss6, as central pathway activ-
ities can be changed due to cochlear damage.

CAP is widely studied to clarify hearing difficulties 
of individuals with hearing perception complaints, 
despite their normal hearing thresholds. Central 
hearing skills occurring in the afferent and efferent 
pathways are essential because they help understand 
the sound message. Difficulties in one or more hearing 
skills, researched with CAP behavioral tests, can be 
secondary to peripheral hearing pathway changes7,8.

There is a gap in knowledge of hearing skills in 
individuals with sensorineural hearing loss (SNHL), 
which hinders the use of robust criteria to seek auditory 
training tools. Some studies investigated the central 
processing of sound information in individuals with 
SNHL; however, no consensus has been reached 
about which tests should be used and which skills 
should be researched4,7,8.

This study aimed at identifying the most used tests 
and the changed CAP hearing skills in individuals 
presented with SNHL.

METHODS
An integrative review of the literature was conducted 

to answer the following research question: “Which CAP 
hearing skills are assessed in individuals with mild to 
moderate SNHL?”

The question was constructed based on the PCC 
acronym, in which P – Population, C – Concept, and C 
– Context. Thus, in this research, P stood for individuals 
with SNHL; C, for CAPD; and C, for audiological tests.

Original articles that answered the research 
question were searched between March and August 
2021 in PubMed/MEDLINE (Medical Literature Analysis 
and Retrieval System Online), LILACS (Latin American 
and Caribbean Health Sciences Literature), SciELO 
(Scientific Electronic Library Online), IBECS (Spanish 
Bibliographic Index of the Health Sciences), Index Psi 
Scientific Journals, and CUMED (Cuban National Center 
for Medical Science Information). The descriptors 
“hearing loss” and “central auditory processing” were 
used in combination with the Boolean operator AND. 
MEDLINE was accessed via PubMed.

The inclusion criteria were as follows: studies 
researching central hearing skills with CAP behavioral 
tests in subjects with mild to moderate SNHL. Studies 
whose sample had cognitive changes or syndromes 
that might interfere with the CAP behavioral test results 
were excluded.

Two independent researchers blindly selected the 
studies, with no restriction on language, date of publi-
cation, or study design. The selection process had three 
stages (title, abstract, and full-text reading) to verify 
whether the article answered the research question and 
met the inclusion and exclusion criteria. No problems 
occurred in retrieving full-text studies; therefore, their 
authors did not have to be contacted. The stages in the 
integrative review are shown in Figure 1.

After selecting the studies, the following data 
were extracted: author, year of publication, method, 
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population, intervention, and CAP behavioral test 
results, which were then organized in an Excel 
spreadsheet. The qualitative synthesis analyzed the 
methodology and outcomes of the selected articles. 
The extraction instrument was adapted from previous 
studies.

LITERATURE REVIEW
The search strategy identified 1,574 records. After 

reading their titles and abstracts, 805 articles were 
excluded for not meeting the inclusion and exclusion 
criteria. After removing duplicates, 39 articles remained 
for full-text reading, of which 24 were excluded for not 
meeting the inclusion criteria. Hence, 13 articles were 
eligible. This integrative review of the literature aimed at 
identifying the most used CAP behavioral tests and the 
most changed central hearing skills in individuals with 
SNHL.

The analysis of data extracted from all articles 
showed an increase in scientific production addressing 
the topic, which however only took place in the last 10 
years.

The present study sample comprised 13 articles 
retrieved from the databases (Chart 1). There was 
variability in the participants’ age ranges; nine articles 
researched adults aged 19 to 59 years9-13,15-17,19, except 
for four studies, which had wider age ranges12,15,17,19. 
One article included not only adults but also older adults 
up to 80 years old to verify, with a greater number, the 
influence of CAP on speech intelligibility in patients with 
SNHL13. Another three articles (23%) approached a 
different age range, recruiting participants from 9 to 12 
years old8,17,19, whose maturational development was 
enough to be exposed to CAP behavioral test tasks4.

Various studies assessed both men and women. 
Only three articles used this variable as a comparison 
parameter – males participated in two of them11,20, and 
females in one of them15. It was concluded that sex did 
not influence the test results.

Two studies were selected regarding age groups12,17 

whose results can be filtered to include only participants 
who met the criteria and dismiss results of participants 
younger than 9 years or older than 59 years. The results 
of children less than 9 years old may be influenced by 
immaturity, and those of older adults can have possible 
aging effects on the central auditory nervous system, 
besides the SNHL7,21-

23. Since this study did not aim to observe only the 
effects of presbycusis on hearing skills, the age filter 
was rather encompassing to demonstrate that possible 

abnormal results in CAP behavioral tests are not 
explained only by the aging of the peripheral hearing 
system. Thus, it shows that young and adult individuals 
with mild to moderate SNHL may have abnormal 
behavioral test results12-20.

Although educational attainment is important to 
understand CAP behavioral tests highly focused on 
language (e.g., SSW)23, most articles did not assess it 
and therefore it was not included in data collection. Low 
cognitive and cultural reserve levels can affect compre-
hension in tests, but most articles did not assess this 
criterion. Only one article (7.6%) mentioned educa-
tional attainment in data analysis, which however did 
not influence test results14.

The 13 selected studies surveyed participants’ 
medical histories and performed basic audiological 
assessments on them. These procedures were used as 
criteria in all studies – knowing the pure-tone hearing 
thresholds of patients submitted to behavioral tests is 
one of the CAP assessment prerequisites. They furnish 
plausible responses to auditory stimuli, which must be 
adjusted to the air-conduction pure-tone thresholds. 
Peripheral hearing loss influences the central auditory 
system6; thus, the medical history and basic audio-
logical assessment results are important to understand 
the possible influence of the peripheral auditory system 
on hearing skills, based on CAP behavioral tests. CAP 
assessments can be made in patients with bilateral 
symmetric mild to moderate SNHL. These tests must 
be qualitatively and cautiously interpreted because of 
the absence of adjustments and standardization in the 
tests used to diagnose and assess these skills4.

Another criterion used in the 13 pieces of research 
was that individuals could not have cognitive or neuro-
logical impairments. Most articles selected in this study 
did not describe cognitive tests in their methods. Only 
one study used the Mini-Mental State Examination, 
which however did not influence the behavioral test 
results14. Cognitive and linguistic skills are known to be 
necessary to comprehend required test tasks. However, 
the only article with older adults12 did not use cognitive 
assessments as a CAP assessment prerequisite. This 
may lead to imprecise results, as it cannot be estab-
lished whether low scores were due to cognitive diffi-
culties understanding commands or the tested skills 
were indeed affected by SNHL.

Two out of the 13 articles selected in this study 
were national ones8,11, while the other 11 were interna-
tional ones. Two20,21 of them used auditory brainstem 
response (ABR) as a participant inclusion criterion. 
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Figure 1. Flowchart with article selection stages. This review comprised 13 studies, which were divided according to the study outcomes 
present in them (some studies approached more than one outcome).
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Chart 1. Characteristics of selected studies with the description of the central auditory processing assessment in individuals with 
sensorineural hearing loss

Author/Year Participants Objective Intervention Outcomes

Matos GGO,  
Frota S (2013)9

57 individuals  
(20 to 59 years old)

Men and women

To assess the temporal 
resolution skill in adults 

with mild to moderate SNHL 
and verify whether this loss 
influences test performance.

Gaps-in-noise detection 
test (GIN)

The temporal resolution skill is not influenced by 
SNHL in either the gap detection thresholds or the 

percentage of correct answers, in either ear.

Sanguebuche TR 
et al. (2018)10

8 participants  
(46 to 58 years old)

Men and women

To correlate ABR findings 
with behavioral tests in adults 

with moderate SNHL.

Random Gap Detection 
Test (RGDT), Masking- 
Level Difference (MLD), 
and auditory brainstem 

response (ABR)

No statistically significant correlation was found 
between ABR and the behavioral tests (RGDT and 
MLD). This shows that the electrophysiological 

assessment does not depend exclusively on 
the tested skills. Regardless of whether they 

had hearing loss, RGDT and MLD results were 
not abnormal when respectively assessing the 

temporal resolution and binaural interaction skills.

Santos CCS, 
Juchem LS, Rossi 

AG (2008)11

41 military (31 to 51 years old) 
Group A (n = 16), without SNHL 
Group B (n = 25), with mild to 

moderate SNHL
Men

To assess the CAP in 
the military exposed to 

occupational noise.

Filtered speech (FS), 
Staggered Spondaic Word 

in Portuguese (SSW), 
and Frequency Patter Test 

(FPT)

The temporal ordering skill assessed with FPT 
was not influenced by peripheral hearing losses. 
The auditory closure skill assessed with FS was 
influenced by SNHL, with a significant difference 
only in the right ear. The binaural integration skill 
performance assessed with SSW was abnormal 

in both groups.

Boboshko MY  
et al. (2018)12

20 participants (31 to 80 years 
old) with symmetrical moderate 

to severe SNHL 
Men and women

To assess the degree to 
which the central auditory 

pathway function influences 
speech intelligibility in 

patients with moderate to 
severe SNHL.

Binaural fusion (BF), 
Random Gap Detection 

Test (RGDT), and 
Synthetic Speech 
Intelligibility (SSI)

The tested skills were influenced according to 
age, degrees of speech intelligibility, and impaired 

hearing loss.

Best V et al. 
(2017)13

11 individuals without SNHL  
(19 to 30 years old)

8 individuals with bilateral 
moderate SNHL  

(20 to 39 years old).
Men and women

To assess the binaural 
separation skill in hearing 

subjects with SNHL to verify 
whether this loss influences 

test performance.

Dichotic consonant- 
vowel test (DCVT)

The binaural separation skill performance 
assessed with DCVT was abnormal in individuals 

with mild to moderate hearing loss.

Fischer M et al. 
(2017)14

1,697 participants with  
and without SNHL  

(21 to 59 years old)
Men and women

To assess binaural integration 
and separation skills in 

hearing subjects with and 
without mild to moderate 
SNHL to verify whether 
this loss influences test 

performance.

Filtered speech (FS), 
Staggered Spondaic Word 
in Portuguese (SSW), and 
Nonverbal Dichotic Test 

(NVDT)

There were substantial variations in SSW scores 
and insignificant variations in right- ear NVDT 
scores. The binaural integration skill assessed 

with SSW was influenced by SNHL, whereas the 
binaural separation skill assessed with NVDT was 

not influenced by SNHL.

Roverud E et al. 
(2016)24

14 individuals  
(28 to 40 years old)

G1: 7 with SNHL
G2: 7 without SNHL  

Men and women

To assess the temporal 
ordering skill in individuals 

with and without symmetrical 
moderate to severe SNHL.

Frequency Pattern Test 
(FPT)

The temporal ordering skill assessed with FPT 
was not influenced by moderate to severe SNHL. 
Abnormal performance in both groups only in the 

presence of masking noise.

Maeda Y et al. 
(2016)15

1 individual (10 years old) 
Woman

To assess binaural interaction 
and integration skills in a 
hearing 10-year girl with 
bilateral moderate SNHL.

Binaural Fusion (BF) and 
Staggered Spondaic Word 

in Portuguese (SSW)

The binaural interaction and integration skills 
assessed with SSW and BF were influenced by 

moderate SNHL.

Hedrick M et al. 
(2015)16

14 participants  
(20 to 27 years old).

G1: normal hearing in the RE. 
G2: mild to severe SNHL. Men 

and women

To determine the influence of 
hearing loss in vowel slice 
perception through binaural 

integration assessment.

Staggered Spondaic Word 
in Portuguese (SSW)

The binaural integration skill assessed with SSW 
was influenced by moderate to severe SNHL.

Koravand A,  
Jutras B. (2013)17

40 participants  
(9 to 12 years old).

G1: SNHL G2: CAPD
G3: normal hearing  
Men and women

To assess the binaural 
separation skill.

Nonverbal Dichotic Test 
(NVDT) and Dichotic 

Consonant- Vowel Test 
(DCVT)

Individuals with SNHL had impaired binaural 
separation skills when recalling verbal stimuli /
ba/ and /da/. Results varied according to the 

degrees of hearing loss. Hence, results cannot be 
generalized among people of this same group.
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Author/Year Participants Objective Intervention Outcomes

Gallun F et al. 
(2012)18

65 participants  
(44 to 64 years old)

36 (study group)
29 (control group)  
Men and women

To assess temporal 
resolution, temporal ordering, 

binaural integration, and 
binaural interaction skills 

in individuals exposed and 
nonexposed to explosions.

Gaps-in-Noise Detection 
Test (GIN),

Frequency Pattern Test 
(FPT),

Staggered Spondaic Word 
in Portuguese (SSW),

Dichotic Digits Test 
(DD), and Masking-Level 

Difference (MLD)

The binaural integration skill assessed with SSW 
is significantly influenced by SNHL. The temporal 
resolution, temporal ordering, binaural interaction, 

and binaural integration skills, respectively 
assessed with GIN, FPT, MLD, and DD are not 

significantly influenced by SNHL.

Koravand A, 
Jutras B, Roumy N 

(2010)19

26 participants  
(8 to 12 years old)

13 with mild to moderate SNHL 
13 with normal hearing.

Men and women

To assess the binaural 
separation skill with the DCVT 
and NVDT in individuals with 
mild to moderate hearing loss 
to verify whether the hearing 
loss influences test results.

Nonverbal Dichotic Test 
(NVDT) and Dichotic 

Consonant- Vowel Test 
(DCVT)

SNHL can influence a significantly poorer 
performance in DCVT and NVDT assessing the 

binaural separation skill than in individuals without 
hearing loss.

Zamyslowska-
Szmytke E et al. 

(2009)20

109 participants  
(19 to 64 years old)

G1: 59 (study group) G2: 50 
(control group) Men and women

To assess the temporal 
resolution and ordering 

skills in adults with mild to 
moderate SNHL caused by 

exposure to styrene, to verify 
whether this loss influences 

test performance.

Gaps-in-Noise Detection 
Test (GIN),

Frequency Pattern Test 
(FPT), and Duration 
Pattern Test (DPT).

The temporal resolution skill assessed with GIN 
is not influenced by mild to moderate SNHL. The 
temporal ordering skill assessed with DPT and 

FPT is not influenced by mild to moderate SNHL.

Captions: SSI: Synthetic Speech Intelligibility. MLD: Masking level difference. SSW: Staggered Spondaic Word. NVDT: Nonverbal Dichotic Test.  
DCVT: Dichotic Consonant-Vowel Test. GIN: Gap-in-Noise Detection Test. RGDT: Random Gap Detection Test. FPT: Frequency Pattern Test. DPT: Duration Pattern Test. 
CAP: central auditory processing. CAPD: central auditory processing disorder. SNHL: sensorineural hearing loss. ABR: auditory brainstem response

However, only one correlated it with two behavioral 
tests (RGDT and MLD) and concluded that no statisti-
cally significant correlation existed between them21,22. 
Hence, there is an evident scarcity of articles thoroughly 
verifying and investigating with behavioral and electro-
physiological tests.

Electrophysiological and electroacoustic proce-
dures are likewise relevant because they assess the 
neural pathways from the cochlear nerve to the upper 
regions (e.g., the auditory cortex) and favor the differ-
ential diagnosis between CAPD and other disorders.

Abnormal results due to SNHL were found in nine 
studies11-15,17. The analysis of these findings shows that 
the abnormal results in verbal behavioral tests were 
the only aspect they had in common. Furthermore, the 
seven articles without statistically

significant differences between subjects with and 
without SNHL were based on findings of nonverbal test 
results. This shows that behavioral skills assessed with 
nonverbal tests are not influenced by SNHL8,11,13,14.

The auditory processing SSW test is criticized 
because of its high focus on language and cognition 
and the recording problems for clinical use, which 
can make auditory responses uncertain23. Patients 
with SNHL have abnormal SSW results, but it cannot 
be stated whether they are due to hearing loss and 
language processing difficulties or a dichotic hearing 

issue. No CAP test aims to confirm either hearing loss 
or language or cognition disorders; hence, analyzing 
them alone rather than in combination with other tests 
of the battery leads to inconclusive results.

This research observed that SSW was the CAP 
behavioral test most used to assess individuals with 
mild to moderate SNHL. Even though this test is 
no longer recommended to comprise the minimum 
battery23, it may have been used for being one of the 
oldest CAP behavioral tests. According to the test most 
used in the surveyed studies, binaural integration and 
binaural separation are the most changed CAP skills. 
The currently most recommended CAP behavioral 
assessment approach in individuals without hearing 
loss includes a battery of behavioral tests with at least 
one of them assessing monaural low-redundancy 
hearing, dichotic hearing, temporal

processing, and binaural integration23.

However, uniform CAP test protocols have not yet 
been defined to assess hearing skills in individuals 
with SNHL. Each study made random choices, without 
necessarily assessing the four recommended modal-
ities (monaural low-redundancy hearing, dichotic 
hearing, temporal processing, and binaural integration), 
and used different numbers of tests per battery, ranging 
from one to five of them. Therefore, available data are 
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still insufficient to understand the correlation between 
mild to moderate SNHL and hearing skill changes.

The literature has not yet described or suggested 
a minimum battery of behavioral tests considered the 
gold standard to assess central auditory pathways in 
individuals with SNHL – which leads to controversies. 
The consequences of not having an adequate, 
standardized instrument to assess hearing skills in 
this population with hearing loss may prevent uniform 
research on hearing skills – which in turn hinders the 
progress of research on treatments and rehabilitation.

CONCLUSION

The findings in this study show that participants 
diagnosed with SNHL predominantly have hearing 
changes in verbal tests, in comparison with normal 
standards established for normally hearing individuals. 
Thus, the most changed skills are the ones that depend 
on speech sound discrimination. No consensus was 
found in the number of tests used in the batteries, which 
ranged from one to five tests. SWW was the most used 
behavioral test, and binaural integration and binaural 
separation were the most researched central auditory 
skills.
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