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RESUMEN 

La Hidden Hearing Loss (HHL) se ha convertido en un importante desafío para la atención 

moderna de la salud auditiva, ya que numerosos individuos presentan dificultades significativas 

para la comunicación a pesar de mostrar umbrales auditivos normales en la audiometría tonal 

convencional. Esta revisión analiza la evidencia científica disponible sobre los mecanismos 

biológicos, la epidemiología, las manifestaciones clínicas, las estrategias diagnósticas y las 

perspectivas terapéuticas emergentes relacionadas con la HHL desde una perspectiva 
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internacional, considerando además la situación actual en América Latina. Se realizó una revisión 

narrativa de la literatura siguiendo el Método Científico mediante la consulta de publicaciones 

obtenidas de PubMed/MEDLINE, Scopus, Web of Science, ScienceDirect y Google Scholar. Se 

seleccionaron veinte publicaciones científicas arbitradas conforme a criterios de elegibilidad 

previamente establecidos. La evidencia revisada identifica a la sinaptopatía coclear como uno de 

los principales mecanismos fisiopatológicos de la HHL, aunque el envejecimiento, las 

enfermedades metabólicas, las alteraciones cardiovasculares, los fármacos ototóxicos y la 

susceptibilidad genética también pueden contribuir a la disfunción neural auditiva. La dificultad 

para comprender el habla en ambientes ruidosos, el aumento del esfuerzo auditivo, el tinnitus y 

la fatiga auditiva fueron las manifestaciones clínicas más frecuentes. Ninguna prueba diagnóstica 

mostró suficiente precisión para confirmar la enfermedad de forma aislada, por lo que la literatura 

respalda la integración de evaluaciones conductuales con pruebas electrofisiológicas y estudios 

de función coclear. Las estrategias actuales continúan enfocándose en la conservación auditiva, 

el reconocimiento temprano y la rehabilitación individualizada, mientras que la medicina 

regenerativa y la inteligencia artificial representan áreas prometedoras para futuras 

investigaciones. En conjunto, la evidencia disponible respalda la necesidad de implementar 

enfoques diagnósticos integrales que superen las limitaciones de la audiometría convencional 

para favorecer una detección más temprana y mejorar la atención de los pacientes. 
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ABSTRACT 

Hidden Hearing Loss (HHL) has emerged as a significant challenge in contemporary hearing healthcare because 

individuals may experience substantial communication difficulties despite presenting normal hearing thresholds during 

conventional pure-tone audiometry. This review analyzes current scientific evidence regarding the biological 

mechanisms, epidemiology, clinical manifestations, diagnostic strategies, and emerging therapeutic perspectives 

associated with HHL from an international viewpoint while considering the current situation in Latin America. A 

narrative literature review was conducted following the Scientific Method using publications retrieved from 

PubMed/MEDLINE, Scopus, Web of Science, ScienceDirect, and Google Scholar. Twenty peer-reviewed publications 

were selected according to predefined eligibility criteria and critically analyzed. The reviewed evidence identifies 

cochlear synaptopathy as one of the principal mechanisms underlying HHL, although aging, metabolic disorders, 

cardiovascular disease, ototoxic medications, and genetic susceptibility may also contribute to auditory neural 

dysfunction. Speech-in-noise difficulty, increased listening effort, tinnitus, and auditory fatigue were the most 

frequently reported clinical manifestations. No single diagnostic method demonstrated sufficient accuracy to 

independently confirm the condition; instead, the literature supports combining behavioral assessments with 

electrophysiological and cochlear function tests. Current management remains focused on hearing conservation, early 

recognition, and individualized auditory rehabilitation, while regenerative medicine and artificial intelligence represent 

promising future directions. The available evidence supports the importance of adopting comprehensive diagnostic 

approaches that extend beyond conventional audiometry to improve early detection and optimize hearing healthcare. 
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INTRODUCCIÓN 

Hearing loss remains one of the most prevalent chronic health conditions worldwide, affecting communication, 

educational achievement, occupational performance, social participation, and overall quality of life across all age 
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groups. According to recent global estimates, more than 1.5 billion individuals experience some degree of hearing 

impairment, and this number is expected to increase substantially over the coming decades due to population aging, 

environmental noise exposure, and the growing prevalence of chronic diseases. Traditionally, hearing assessment has 

relied primarily on pure-tone audiometry, which has served as the clinical gold standard for decades. However, 

increasing evidence indicates that conventional audiometric thresholds alone do not fully capture the complexity of 

auditory dysfunction, particularly in individuals who report persistent hearing difficulties despite presenting clinically 

normal audiograms. This discrepancy has prompted the emergence of the concept of Hidden Hearing Loss (HHL), a 

condition characterized by impaired auditory processing that cannot be adequately detected using standard audiometric 

evaluations (Kujawa & Liberman, 2009; Plack et al., 2016; Bajin et al., 2022). 

The recognition of Hidden Hearing Loss has transformed current perspectives regarding auditory disorders by 

highlighting that normal hearing thresholds do not necessarily indicate normal cochlear or neural function. Patients 

frequently report difficulties understanding speech in noisy environments, increased listening effort, tinnitus, auditory 

fatigue, and reduced communication performance despite having audiometric thresholds within normal limits. These 

symptoms often lead to delayed diagnosis, patient frustration, and underestimation of the condition in routine clinical 

practice. Consequently, HHL has become an increasingly relevant topic in otolaryngology, audiology, neurology, and 

auditory neuroscience because it challenges the long-standing assumption that pure-tone audiometry is sufficient to 

identify clinically meaningful auditory dysfunction (Liberman et al., 2016; Hood, 2024). 

Experimental studies conducted over the past two decades have demonstrated that cochlear synaptopathy, involving 

degeneration of synapses between inner hair cells and auditory nerve fibers, represents one of the principal biological 

mechanisms underlying Hidden Hearing Loss. Animal models have consistently shown that temporary noise exposure 

capable of producing only transient threshold shifts may nevertheless induce irreversible synaptic damage without 

causing permanent alterations in conventional hearing thresholds. This synaptic degeneration preferentially affects 

low-spontaneous-rate auditory nerve fibers, which are particularly important for speech perception in complex acoustic 

environments. As a result, individuals may experience substantial functional hearing impairment while remaining 

undetected by conventional audiological testing (Kujawa & Liberman, 2009; Furman et al., 2013; Liberman & Kujawa, 

2017). 

Beyond noise exposure, multiple biological and environmental factors have been implicated in the development of 

Hidden Hearing Loss. Aging-related synaptic degeneration, metabolic disorders, vascular alterations, ototoxic 

medications, genetic susceptibility, occupational noise exposure, and recreational listening habits have all been 

associated with cochlear synaptopathy and progressive neural dysfunction. These findings suggest that Hidden Hearing 

Loss should not be regarded as an isolated pathological entity but rather as a multifactorial disorder resulting from the 

interaction between environmental exposures, neurodegenerative mechanisms, systemic health conditions, and 

individual biological vulnerability. This broader understanding has expanded research interest toward identifying 

biomarkers capable of detecting early neural injury before irreversible hearing disability becomes clinically apparent 

(Sergeyenko et al., 2013; Shi et al., 2016; Hickox et al., 2017). 

The clinical implications of Hidden Hearing Loss extend beyond peripheral auditory dysfunction. Increasing evidence 

indicates that chronic degradation of auditory neural signaling contributes to central auditory plasticity, increased 

cognitive listening effort, attentional overload, and reduced communication efficiency. These mechanisms may 

partially explain why individuals with normal audiograms often experience significant social withdrawal, decreased 

workplace productivity, mental fatigue, and diminished quality of life. Furthermore, several investigations have 

suggested potential associations between auditory deprivation, cognitive decline, neurodegenerative diseases, and 

accelerated brain aging, highlighting the importance of recognizing subtle auditory dysfunction before irreversible 

neurological consequences develop (Guest et al., 2018; Hood, 2024). 

From a diagnostic perspective, Hidden Hearing Loss represents one of the greatest current challenges in clinical 

audiology. Conventional pure-tone audiometry primarily evaluates hearing sensitivity but provides limited information 

regarding synaptic integrity, temporal processing, neural synchrony, or suprathreshold auditory function. 

Consequently, growing attention has focused on complementary diagnostic tools capable of identifying cochlear 

synaptopathy, including speech-in-noise testing, extended high-frequency audiometry, otoacoustic emissions, auditory 

brainstem responses (ABR), envelope following responses (EFR), electrocochleography, middle-ear muscle reflex 



 146 
 

measurements, cortical auditory evoked potentials, and emerging electrophysiological biomarkers. Advances in 

artificial intelligence and machine learning have further accelerated interest in developing multimodal diagnostic 

approaches that integrate electrophysiological, behavioral, imaging, and clinical data to improve diagnostic accuracy 

(Barbee et al., 2018; Lokwani & Prabhu, 2022; Colla et al., 2024). 

Although significant advances have been achieved in understanding Hidden Hearing Loss, important scientific 

controversies remain. Considerable debate persists regarding the sensitivity and specificity of currently available 

diagnostic tests, the extent to which animal findings can be translated into human populations, and the absence of 

universally accepted clinical diagnostic criteria. Likewise, differences in study methodologies, patient selection, 

electrophysiological protocols, and outcome measures have limited direct comparisons among published 

investigations. These uncertainties emphasize the necessity for comprehensive evidence synthesis capable of 

integrating recent experimental, clinical, and translational findings to guide future research and optimize patient care 

(Valderrama et al., 2018; Hood, 2024). 

From an international perspective, Hidden Hearing Loss represents an emerging public health concern. High-income 

countries have increasingly incorporated advanced electrophysiological assessment into research settings, whereas 

many low- and middle-income regions continue to rely almost exclusively on conventional audiometry because of 

limited access to specialized diagnostic technologies. In Latin America, hearing health services have expanded 

considerably during recent years; however, substantial disparities remain regarding early diagnosis, availability of 

objective auditory testing, occupational hearing conservation programs, and specialized clinical training. Countries 

such as Mexico, Colombia, Brazil, Chile, Argentina, and Ecuador have progressively strengthened hearing health 

initiatives, yet the incorporation of advanced diagnostic strategies for Hidden Hearing Loss remains limited in routine 

clinical practice. Addressing these inequalities requires greater international collaboration, standardized diagnostic 

protocols, educational initiatives, and investment in accessible hearing healthcare technologies. 

Given the rapid evolution of auditory neuroscience and the growing clinical relevance of cochlear synaptopathy, an 

updated synthesis of current evidence is warranted. The present review aims to comprehensively analyze the biological 

mechanisms, epidemiology, clinical manifestations, diagnostic approaches beyond conventional audiometry, emerging 

biomarkers, neurophysiological advances, therapeutic strategies, and future perspectives related to Hidden Hearing 

Loss. Furthermore, this review integrates evidence from basic science, clinical audiology, otolaryngology, neurology, 

and translational research while considering international experiences and the challenges faced by healthcare systems 

in Latin America. By consolidating current knowledge, this review seeks to provide clinicians, researchers, educators, 

and healthcare professionals with an updated framework for understanding this increasingly recognized yet frequently 

underdiagnosed auditory disorder. 

 

DESARROLLO  

Hidden hearing loss represents a clinically relevant form of auditory dysfunction in which an individual experiences 

persistent communication difficulties despite presenting hearing thresholds within the conventional normal range. The 

term does not describe a single, fully standardized diagnosis; rather, it encompasses auditory deficits that remain 

undetected by routine pure-tone audiometry. The most frequently reported manifestations include difficulty 

understanding speech in noisy or reverberant environments, increased listening effort, auditory fatigue, reduced sound 

localization, tinnitus, and an abnormal sensitivity to complex acoustic situations. These manifestations demonstrate 

that auditory performance depends not only on the ability to detect quiet tones but also on the integrity of cochlear 

synapses, auditory nerve fibers, temporal coding mechanisms, and central auditory pathways (Pienkowski, 2017; 

Valderrama et al., 2022; Liu et al., 2024). 

Conventional pure-tone audiometry measures the lowest sound intensity that a person can detect at selected 

frequencies, commonly between 250 and 8,000 Hz. Although this procedure is essential for identifying many forms of 

hearing loss, it offers limited information about neural processing at suprathreshold sound levels. Consequently, an 

audiogram classified as normal cannot exclude subtle cochlear injury, auditory nerve dysfunction, impaired temporal 

resolution, or difficulties in separating speech from background noise. This limitation is particularly important because 
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everyday communication rarely occurs under the silent and acoustically controlled conditions used in standard 

audiometric testing. Individuals may therefore perform adequately during threshold assessment while experiencing 

considerable disability in classrooms, workplaces, public transportation, hospitals, restaurants, and other complex 

listening environments (Plack et al., 2016; Barbee et al., 2018; Bharadwaj et al., 2019). 

One of the principal mechanisms proposed to explain hidden hearing loss is cochlear synaptopathy. This process 

involves damage or loss of the synaptic connections between inner hair cells and the peripheral terminals of auditory 

nerve fibers. Experimental research has shown that acoustic overexposure may produce a temporary elevation of 

hearing thresholds that subsequently returns to apparently normal levels while leaving persistent synaptic and neural 

injury. Thus, recovery of the audiogram does not necessarily indicate complete biological recovery of the auditory 

system. Synaptic injury may occur before extensive hair-cell loss and before a permanent threshold shift becomes 

evident, which explains why conventional audiometry may fail to detect early neural damage (Kujawa & Liberman, 

2009; Shi et al., 2016; Liberman & Kujawa, 2017). 

The auditory nerve contains fibers with different spontaneous discharge rates and response characteristics. Low-

spontaneous-rate, high-threshold fibers are especially relevant when sounds must be encoded in the presence of 

competing noise. Evidence from animal models indicates that these fibers may be particularly vulnerable to acoustic 

injury. Their degeneration can reduce the neural representation of suprathreshold sounds without substantially altering 

the detection of quiet tones. Consequently, affected individuals may retain apparently normal sensitivity while losing 

part of the neural capacity required to recognize speech under adverse acoustic conditions (Furman et al., 2013; Kobel 

et al., 2017). 

Noise exposure constitutes one of the most extensively investigated risk factors. Occupational environments such as 

manufacturing facilities, construction sites, transportation systems, military settings, entertainment venues, and 

healthcare areas with high equipment noise may expose individuals to potentially harmful sound levels. Recreational 

behaviors, including frequent attendance at concerts, use of personal listening devices at high volumes, motor sports, 

shooting activities, and prolonged exposure to amplified music, may also contribute to cumulative auditory injury. 

However, evidence in humans remains heterogeneous because lifetime noise exposure is difficult to quantify 

accurately and because electrophysiological findings have not been consistent across all populations. Some studies 

have identified associations between noise history and altered auditory nerve responses, whereas others have found no 

direct evidence that cochlear synaptopathy explains tinnitus or speech-in-noise impairment in young adults with normal 

audiograms (Guest et al., 2017; DiNino et al., 2022; Dias et al., 2024). 

This inconsistency is clinically significant. Hidden hearing loss should not be interpreted as synonymous with noise-

induced cochlear synaptopathy in every patient. Similar complaints can result from extended high-frequency hearing 

loss, subtle outer hair-cell dysfunction, auditory nerve demyelination, central auditory processing disorders, cognitive 

or attentional limitations, language-processing difficulties, aging, traumatic brain injury, tinnitus, and other 

neurological or otological conditions. Speech perception in noise is a complex task requiring peripheral sensory 

encoding, neural synchrony, binaural integration, auditory attention, working memory, linguistic knowledge, and rapid 

cognitive processing. Therefore, a single abnormal symptom or electrophysiological measurement cannot 

independently establish the diagnosis (Pienkowski, 2017; Guest et al., 2018; Valderrama et al., 2022). 

Aging represents another major pathway of auditory neural deterioration. Age-related synaptic loss may begin before 

a substantial deterioration in conventional hearing thresholds becomes apparent. Experimental evidence suggests that 

cochlear synapses and auditory nerve fibers decline progressively throughout life and may interact with previous noise 

exposure, metabolic disease, vascular dysfunction, medication use, and genetic susceptibility. A recent systematic 

review and meta-analysis found relatively consistent evidence of age-associated deterioration in auditory nerve 

function, although the findings related specifically to noise-exposure history were more variable. This distinction 

reinforces the need to evaluate age and noise as related but not interchangeable contributors to hidden auditory 

dysfunction (Sergeyenko et al., 2013; Dias et al., 2024). 

The primary clinical complaint associated with hidden hearing loss is reduced speech understanding in noise. 

Nevertheless, studies involving human participants have produced mixed results regarding the direct relationship 

between this difficulty and cochlear synaptopathy. Some individuals with verified speech-in-noise impairment and 
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normal audiograms have not demonstrated clear electrophysiological evidence of synaptic loss. These findings do not 

invalidate their symptoms; instead, they indicate that speech-in-noise difficulty may have multiple causes and that 

currently available measurements may lack sufficient sensitivity to detect subtle neural injury in individual patients. 

They also demonstrate the challenges involved in translating histopathological observations from animal models into 

noninvasive clinical biomarkers for humans (Guest et al., 2018; Bharadwaj et al., 2019). 

For this reason, the assessment of suspected hidden hearing loss requires a multidimensional approach. Speech-in-

noise tests provide greater ecological validity than pure-tone thresholds because they examine communication under 

conditions that resemble daily listening environments. Extended high-frequency audiometry may reveal damage above 

8,000 Hz that is not represented in the standard audiogram. Otoacoustic emissions can provide information about outer 

hair-cell function, while auditory brainstem responses may assess the synchrony and amplitude of neural activity along 

the early auditory pathway. Electrocochleography, envelope-following responses, middle-ear muscle reflexes, cortical 

auditory evoked potentials, and measures of temporal processing have also been investigated as possible components 

of a diagnostic battery (Barbee et al., 2018; Lokwani & Prabhu, 2022; Colla et al., 2023). 

Among electrophysiological measures, the amplitude of wave I of the auditory brainstem response has received 

considerable attention because it reflects the summed activity of the distal auditory nerve. A reduction in wave I 

amplitude at suprathreshold levels has been proposed as a possible indicator of decreased auditory nerve output. 

Nevertheless, its clinical application is limited by substantial interindividual variability related to electrode placement, 

head anatomy, sex, age, stimulus characteristics, recording equipment, cochlear status, and residual physiological 

noise. Ratios between different auditory brainstem response components and other derived measurements have been 

proposed to improve interpretation, but no universally accepted threshold currently distinguishes normal neural 

variation from clinically significant synaptopathy (Bharadwaj et al., 2019; Shenoy et al., 2025). 

Envelope-following responses may provide additional information about the ability of the auditory system to represent 

temporal modulations, which are essential for speech perception. Likewise, electrocochleography can record cochlear 

and auditory nerve potentials in response to acoustic stimulation. Recent studies have examined the relationship 

between electrocochleographic measurements and speech-in-noise performance in individuals with normal hearing 

thresholds. Although these approaches are promising, differences in stimulus design, recording techniques, signal 

analysis, normative values, and patient characteristics currently prevent their independent use as definitive diagnostic 

tests (Yaşar et al., 2024; Shenoy et al., 2025). 

The middle-ear muscle reflex has also emerged as a potential indirect marker because its neural circuit depends partly 

on auditory nerve fibers that may be affected by synaptopathy. Reduced reflex amplitudes or elevated thresholds have 

been investigated in noise-exposed individuals and patients with tinnitus or speech-perception complaints. However, 

middle-ear conditions, probe fit, measurement systems, stimulus frequency, and individual anatomical differences may 

influence the results. The same principle applies to most proposed biomarkers: each measure contributes partial 

information, but none currently provides a direct noninvasive equivalent of the histological confirmation available in 

experimental models (Bharadwaj et al., 2019; Liu et al., 2024). 

From a neurological perspective, peripheral deafferentation may also alter central auditory processing. When auditory 

nerve input is reduced, central pathways may increase neural gain in an attempt to compensate for diminished 

peripheral activity. Although this adaptation may preserve sensitivity to certain sounds, it can also contribute to 

abnormal sound perception, tinnitus, hyperacusis, reduced temporal precision, and difficulty distinguishing relevant 

signals from background noise. These mechanisms demonstrate that hidden hearing loss cannot be understood 

exclusively as a cochlear condition; it involves interactions between peripheral damage, neural adaptation, cognition, 

and auditory behavior (Valderrama et al., 2022; Liu et al., 2024). 

The diagnostic uncertainty surrounding hidden hearing loss has consequences for patient care. Individuals with 

persistent complaints and normal audiograms may be incorrectly reassured that their hearing is entirely normal or may 

be considered to have no clinically relevant impairment. This response can delay appropriate counseling, hearing-

conservation measures, communication strategies, auditory rehabilitation, or referral for neurological and cognitive 

evaluation. A more appropriate clinical approach is to recognize the reported functional limitation, investigate 



 149 
 

alternative causes, and select complementary tests according to the patient’s history, risk profile, symptoms, and 

communication needs. 

Current management focuses primarily on prevention and functional rehabilitation because no approved treatment has 

been demonstrated to restore cochlear synapses in humans routinely. Relevant interventions may include education on 

safe listening practices, reduction of occupational and recreational noise exposure, use of appropriate hearing 

protection, management of cardiovascular and metabolic risk factors, treatment of associated tinnitus or hyperacusis, 

auditory training, environmental modifications, and assistive listening technologies. Remote microphone systems and 

directional amplification may improve the signal-to-noise ratio for selected patients, even when conventional 

thresholds do not indicate a need for standard hearing aids. Management should therefore be individualized and based 

on real-world communication difficulties rather than the audiogram alone. 

At an international level, diagnostic capacity is unevenly distributed. Specialized electrophysiological testing and 

advanced speech-in-noise assessment are more frequently available in academic and tertiary-care centers, while many 

health systems continue to depend principally on conventional audiometry. This disparity is particularly relevant in 

Latin America, where hearing services vary considerably between countries, regions, urban centers, and rural 

communities. Limited access to audiologists, otolaryngologists, calibrated equipment, standardized speech materials, 

and culturally adapted tests may restrict the recognition of suprathreshold hearing disorders. Moreover, speech-in-

noise tools developed in English cannot always be transferred directly to Spanish- or Portuguese-speaking populations 

without linguistic validation. 

Latin American participation is therefore essential for developing representative evidence. Research conducted in 

Mexico, Brazil, Colombia, Chile, Argentina, Ecuador, and other countries should evaluate locally relevant 

occupational exposures, recreational listening habits, environmental noise, linguistic variables, healthcare 

accessibility, and culturally appropriate diagnostic instruments. Multicenter collaboration would allow the 

establishment of regional normative values and facilitate comparisons across different populations. Such initiatives 

could help prevent the direct adoption of diagnostic cutoffs derived from small and demographically restricted samples 

that may not reflect the biological, social, and linguistic diversity of the region. 

The available evidence supports the clinical importance of auditory complaints that remain hidden behind a normal 

audiogram, but it also demands caution. Cochlear synaptopathy is a plausible and experimentally supported 

mechanism; however, it does not explain every case, and a definitive clinical test for human hidden hearing loss has 

not yet been established. The most defensible current approach is to combine patient-reported symptoms, exposure 

history, speech-in-noise performance, extended audiometric assessment, measures of cochlear function, and 

electrophysiological findings. This integrated perspective recognizes hidden hearing loss as a heterogeneous auditory 

problem and avoids reducing a complex clinical presentation to a single mechanism or laboratory measurement. 

Continued investigation should prioritize standardized protocols, longitudinal studies, validated exposure measures, 

age-adjusted normative data, and diagnostic models capable of integrating several complementary indicators. 

International collaboration, including stronger participation from Latin America, will be necessary to determine which 

test combinations are sufficiently sensitive, reproducible, accessible, and clinically meaningful. Establishing such 

evidence would support earlier identification of auditory dysfunction, improve patient counseling, and expand hearing 

care beyond the restricted information provided by conventional pure-tone audiometry. 

 

OBJETIVO GENERAL Y OBJETIVOS ESPECÍFICOS 

General Objective 

To comprehensively analyze the current scientific evidence regarding Hidden Hearing Loss, emphasizing its 

neurobiological mechanisms, epidemiology, clinical manifestations, diagnostic challenges beyond conventional 

audiometry, emerging diagnostic technologies, and current therapeutic perspectives, in order to provide an updated 

framework that supports clinical decision-making, research development, and hearing healthcare education from an 

international perspective with consideration of Latin American realities. 
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Specific Objectives  

 

Cognitive Domain  

1. Identify the anatomical and physiological structures involved in normal auditory processing and explain their 

relationship with Hidden Hearing Loss. 

2. Describe the principal pathophysiological mechanisms associated with cochlear synaptopathy and other 

potential contributors to Hidden Hearing Loss based on current scientific evidence. 

3. Analyze the epidemiological characteristics, risk factors, and clinical manifestations reported in different 

populations worldwide. 

4. Differentiate the diagnostic performance, strengths, and limitations of conventional pure-tone audiometry 

and emerging complementary diagnostic techniques used in the evaluation of Hidden Hearing Loss. 

5. Evaluate the available evidence regarding electrophysiological biomarkers, speech-in-noise testing, 

advanced audiological assessments, neuroimaging, and artificial intelligence applications for the diagnosis of 

Hidden Hearing Loss. 

6. Integrate current knowledge concerning preventive measures, hearing rehabilitation, and emerging 

therapeutic strategies that may contribute to improving patient outcomes 

 

Psychomotor Domain  

1. Apply a structured approach for the interpretation of audiological findings in individuals presenting hearing 

complaints despite normal conventional audiometric thresholds. 

2. Demonstrate the appropriate selection of complementary audiological and electrophysiological assessments 

according to the patient’s clinical presentation and suspected auditory dysfunction. 

3. Develop the ability to compare diagnostic findings obtained from different auditory evaluation techniques in 

order to facilitate comprehensive clinical assessment. 

4. Implement evidence-based decision-making principles when considering multidisciplinary evaluation 

involving otolaryngology, audiology, and neurology. 

 

 

Affective Domain 

1. Recognize the clinical importance of listening to patients who report hearing difficulties despite apparently 

normal hearing examinations. 

2. Value the relevance of early recognition and comprehensive assessment of subtle auditory dysfunctions in 

improving communication and quality of life. 

3. Promote interdisciplinary collaboration among otolaryngologists, audiologists, neurologists, and hearing 

healthcare professionals for the management of Hidden Hearing Loss. 

4. Appreciate the importance of hearing conservation strategies, occupational noise prevention, public 

education, and continuous scientific updating to reduce the burden of preventable auditory disorders 

worldwide. 

5. Encourage critical appraisal of emerging scientific evidence to support evidence-based clinical practice and 

future research in auditory neuroscience. 

 

OBJETO DE ESTUDIO 

The object of study of this review is Hidden Hearing Loss (HHL), an auditory disorder characterized by functional 

hearing difficulties that occur despite normal hearing thresholds measured by conventional pure-tone audiometry. This 

condition has emerged as an important topic in contemporary auditory neuroscience because it demonstrates that 

normal audiometric findings do not necessarily reflect normal cochlear or neural function. Individuals affected by 

Hidden Hearing Loss commonly experience reduced speech perception in noisy environments, increased listening 

effort, auditory fatigue, tinnitus, impaired sound localization, and communication difficulties that significantly affect 

daily activities and quality of life. 
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From a biological perspective, the review focuses on the structural and functional alterations occurring throughout the 

auditory pathway, with particular emphasis on cochlear synaptopathy, auditory nerve dysfunction, neural coding 

abnormalities, and central auditory plasticity. Current evidence indicates that damage to the synaptic connections 

between inner hair cells and auditory nerve fibers may reduce the efficiency of auditory signal transmission without 

producing measurable changes in conventional hearing thresholds. Nevertheless, Hidden Hearing Loss is recognized 

as a heterogeneous condition in which multiple peripheral and central mechanisms may coexist, including age-related 

neural degeneration, excessive noise exposure, metabolic disorders, vascular alterations, ototoxic agents, genetic 

susceptibility, and central auditory processing abnormalities. 

The population considered in this review includes children, adolescents, adults, and older adults who present 

subjective hearing complaints despite normal conventional audiometric findings. Particular attention is given to 

populations with increased risk of auditory neural injury, including individuals exposed to occupational or recreational 

noise, military personnel, musicians, industrial workers, healthcare professionals working in high-noise environments, 

and older adults experiencing age-related auditory decline. The review also considers patients with tinnitus, 

hyperacusis, or persistent speech-in-noise difficulties in whom conventional hearing assessments fail to explain the 

reported symptoms. 

This review further examines the healthcare systems, diagnostic strategies, and technological advances involved in the 

evaluation of Hidden Hearing Loss. Special emphasis is placed on the limitations of pure-tone audiometry and the 

complementary role of speech-in-noise testing, extended high-frequency audiometry, otoacoustic emissions, auditory 

brainstem responses, envelope-following responses, electrocochleography, cortical auditory evoked potentials, 

middle-ear muscle reflexes, and emerging electrophysiological biomarkers. In addition, recent developments in 

neuroimaging, machine learning, and artificial intelligence are considered as promising tools for improving diagnostic 

accuracy and supporting individualized hearing assessment. 

From an international perspective, the object of study encompasses scientific evidence generated across different 

geographical regions while recognizing the disparities that exist in access to hearing healthcare services and advanced 

diagnostic technologies. Particular consideration is given to Latin America, where hearing disorders represent an 

increasing public health concern but where access to specialized audiological evaluation remains heterogeneous. 

Countries including Mexico, Brazil, Colombia, Argentina, Chile, Peru, and Ecuador have progressively strengthened 

hearing healthcare services; however, important differences persist regarding the availability of advanced 

electrophysiological testing, standardized speech-in-noise assessments, specialized clinical training, and early 

detection programs. 

Consequently, the object of study extends beyond the biological mechanisms of Hidden Hearing Loss to include its 

clinical recognition, diagnostic challenges, healthcare implications, and future directions for research and clinical 

practice. By integrating evidence from otolaryngology, audiology, neurology, auditory neuroscience, and translational 

medicine, this review seeks to provide a comprehensive understanding of Hidden Hearing Loss as a multidimensional 

auditory disorder whose identification requires approaches that extend beyond conventional hearing threshold 

evaluation. 

 

 

METODOLOGÍA 

This study was conducted as a narrative literature review using the Scientific Method as the methodological 

framework to systematically identify, analyze, synthesize, and interpret the current scientific evidence regarding 

Hidden Hearing Loss (HHL). The methodological approach was selected because it allows the integration of findings 

from experimental research, clinical investigations, systematic reviews, consensus documents, and observational 

studies, providing a comprehensive understanding of this emerging auditory disorder from the perspectives of 

otolaryngology, audiology, neurology, and auditory neuroscience. 
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The Scientific Method was applied through sequential stages that ensured a structured and reproducible review process. 

Initially, the research problem was identified based on the growing discrepancy between patients reporting hearing 

difficulties and the absence of abnormalities detected through conventional pure-tone audiometry. This clinical 

observation has become increasingly relevant due to the recognition of cochlear synaptopathy and other neural 

mechanisms capable of producing auditory dysfunction despite normal hearing thresholds. 

Following problem identification, the research question was established: What is the current scientific evidence 

regarding the biological mechanisms, clinical manifestations, diagnostic approaches beyond conventional 

audiometry, and emerging therapeutic perspectives for Hidden Hearing Loss? This question guided the entire 

review process and defined the scope of the literature search. 

A comprehensive literature search was subsequently performed using internationally recognized biomedical databases, 

including PubMed/MEDLINE, Scopus, Web of Science, ScienceDirect, and Google Scholar. Additional 

information was obtained from peer-reviewed journals specializing in otolaryngology, audiology, neurology, hearing 

research, and auditory neuroscience. The search strategy combined Medical Subject Headings (MeSH) and free-text 

keywords using Boolean operators. The principal search terms included Hidden Hearing Loss, Cochlear Synaptopathy, 

Noise-Induced Hearing Loss, Speech-in-Noise Perception, Auditory Brainstem Response, Envelope Following 

Response, Electrocochleography, Auditory Neuroscience, Hearing Disorders, and Audiology. 

The selection of scientific evidence was based on predefined eligibility criteria. Studies published in English or 

Spanish, involving human participants or well-established experimental animal models relevant to cochlear 

synaptopathy, were considered eligible. Priority was given to systematic reviews, meta-analyses, randomized or 

observational clinical studies, translational research, experimental investigations, and consensus statements published 

in peer-reviewed journals. Seminal publications that established the current understanding of cochlear synaptopathy 

were also included because of their historical and scientific significance. Editorials, opinion articles without scientific 

support, conference abstracts lacking complete methodological information, duplicate publications, and studies 

unrelated to the objectives of the review were excluded. 

The selected literature was critically analyzed according to its methodological quality, scientific relevance, clinical 

applicability, and contribution to the understanding of Hidden Hearing Loss. Particular attention was given to evidence 

describing epidemiology, risk factors, pathophysiological mechanisms, diagnostic methods, electrophysiological 

biomarkers, neuroimaging findings, therapeutic strategies, and future directions for clinical research. Whenever 

differences between studies were identified, the available evidence was comparatively evaluated to provide a balanced 

interpretation of current scientific knowledge. 

Data extraction was performed through a structured review of each selected publication. Information regarding study 

design, sample characteristics, diagnostic methods, principal outcomes, strengths, limitations, and clinical implications 

was organized into thematic categories to facilitate evidence synthesis. The information was subsequently integrated 

according to the objectives of the review, emphasizing areas of scientific agreement, current controversies, and existing 

knowledge gaps. 

To enhance the international perspective of the review, evidence from different geographical regions was incorporated 

whenever available. Scientific publications originating from North America, Europe, Asia, Oceania, and Latin America 

were considered to illustrate similarities and regional differences in epidemiology, diagnostic resources, clinical 

practice, and research development. Particular attention was given to the challenges faced by Latin American 

healthcare systems concerning access to specialized audiological services, advanced electrophysiological testing, and 

hearing conservation programs. 

The synthesis of evidence followed a qualitative analytical approach rather than statistical meta-analysis because of 

the considerable heterogeneity among published studies regarding patient populations, electrophysiological protocols, 

diagnostic criteria, outcome measures, and methodological designs. This approach allowed the integration of 

complementary findings from basic science, clinical audiology, otolaryngology, neurology, and translational medicine 

while preserving the methodological characteristics of each individual investigation. 
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Finally, the findings were organized into thematic sections addressing auditory neurobiology, cochlear synaptopathy, 

epidemiology, clinical manifestations, diagnostic challenges, emerging technologies, current management strategies, 

regenerative medicine, and future research priorities. This methodological framework enables transparency, facilitates 

reproducibility by other investigators using the same search strategy and eligibility criteria, and provides an updated 

synthesis of the available scientific evidence concerning Hidden Hearing Loss. 

 

FASES DEL DESARROLLO 

Phase 1. Identification of the Research Problem 

The first phase consisted of identifying the clinical and scientific problem that motivated this review. Increasing 

numbers of individuals report persistent hearing difficulties despite presenting normal hearing thresholds during 

conventional pure-tone audiometry. This discrepancy has generated growing interest within otolaryngology, 

audiology, and neurology because conventional hearing evaluation may fail to detect subtle neural dysfunction 

affecting everyday communication. The recognition of Hidden Hearing Loss and cochlear synaptopathy has therefore 

challenged traditional concepts of hearing assessment and highlighted the need for more comprehensive diagnostic 

approaches. 

Phase 2. Formulation of the Research Question 

After defining the problem, the central research question was established to guide the review: 

What is the current scientific evidence regarding the biological mechanisms, epidemiology, clinical 

manifestations, diagnostic strategies beyond conventional audiometry, and emerging therapeutic perspectives 

for Hidden Hearing Loss? 

This question provided the conceptual framework for selecting the literature, organizing the evidence, and defining the 

scope of the review. 

Phase 3. Literature Search and Scientific Evidence Collection 

A comprehensive literature search was conducted using internationally recognized biomedical databases, including 

PubMed/MEDLINE, Scopus, Web of Science, ScienceDirect, and Google Scholar. Additional peer-reviewed 

publications were identified through specialized journals in audiology, otolaryngology, hearing research, neuroscience, 

and clinical medicine. 

The search strategy combined Medical Subject Headings (MeSH), controlled vocabulary, and free-text keywords 

linked through Boolean operators to maximize sensitivity and specificity. Priority was given to recent publications 

while also including landmark studies that established the current understanding of cochlear synaptopathy and Hidden 

Hearing Loss. 

Phase 4. Selection and Critical Appraisal of the Literature 

Following the literature search, all retrieved publications were evaluated according to predefined eligibility criteria. 

Studies were screened based on scientific relevance, methodological quality, study design, population characteristics, 

diagnostic approaches, and applicability to the objectives of the review. 

Systematic reviews, meta-analyses, randomized clinical studies, observational investigations, translational research, 

experimental studies, and international consensus documents were prioritized. Publications lacking sufficient 

methodological information or not directly related to Hidden Hearing Loss were excluded from the final evidence 

synthesis. 

Phase 5. Organization and Classification of the Evidence 

The selected publications were systematically organized into thematic categories according to the principal topics 

addressed. These categories included auditory neuroanatomy, cochlear synaptopathy, epidemiology, environmental 
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and biological risk factors, clinical manifestations, diagnostic techniques, electrophysiological biomarkers, 

neuroimaging, artificial intelligence, current treatment strategies, regenerative medicine, and future research directions. 

This classification facilitated comparison among studies and allowed the identification of areas with strong scientific 

agreement as well as topics that remain controversial. 

Phase 6. Comparative Analysis and Interpretation 

The scientific evidence was subsequently analyzed through a qualitative comparative approach. Similarities and 

differences among investigations were examined, considering methodological characteristics, sample populations, 

diagnostic protocols, and reported clinical outcomes. 

Particular attention was given to evaluating the consistency of evidence regarding cochlear synaptopathy, speech-in-

noise perception, auditory electrophysiology, and the diagnostic value of complementary hearing assessments beyond 

conventional audiometry. Areas where conflicting evidence exists were discussed objectively to provide a balanced 

interpretation of current knowledge. 

Phase 7. Integration of International and Latin American Perspectives 

To provide a comprehensive overview, findings from multiple geographical regions were integrated throughout the 

review. Evidence generated in North America, Europe, Asia, Oceania, and Latin America was analyzed to identify 

common trends, regional differences, and healthcare challenges. 

Special consideration was given to Latin American countries, where advances in hearing healthcare have been 

accompanied by persistent disparities in access to specialized diagnostic technologies, professional training, hearing 

conservation programs, and multidisciplinary auditory rehabilitation. Incorporating these perspectives strengthens the 

global applicability of the review while acknowledging regional healthcare realities. 

Phase 8. Synthesis of Current Evidence and Future Perspectives 

The final phase consisted of integrating all analyzed evidence into a coherent scientific narrative. The information was 

synthesized to summarize current understanding of Hidden Hearing Loss, identify existing knowledge gaps, discuss 

limitations of available diagnostic methods, and highlight promising developments in electrophysiological assessment, 

artificial intelligence, precision audiology, regenerative medicine, and translational neuroscience. 

 

RESULTADOS Y DISCUSIÓN 

Figure 1.  

Distribution and methodological characteristics of the publications included in the review. 
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Figure 1 summarizes the methodological distribution of the scientific publications included in this review. 

Experimental investigations represented the largest proportion of the selected literature (n = 6), followed by narrative 

or scoping reviews (n = 5), observational studies (n = 5), and systematic reviews (n = 4). This distribution illustrates 

that current knowledge regarding Hidden Hearing Loss has been built through complementary methodological 

approaches rather than relying on a single type of scientific evidence. 

The predominance of experimental studies reflects the central role that laboratory research has played in elucidating 

the biological mechanisms underlying cochlear synaptopathy. Animal models have provided the first direct evidence 

demonstrating that acoustic overexposure may produce permanent degeneration of synaptic connections between inner 

hair cells and auditory nerve fibers despite complete recovery of conventional hearing thresholds. These investigations 

established the biological basis for Hidden Hearing Loss and stimulated the development of translational research 

aimed at identifying equivalent findings in human populations (Kujawa & Liberman, 2009; Furman et al., 2013; 

Liberman & Kujawa, 2017). 

Observational studies constituted an important component of the reviewed evidence because they evaluated individuals 

presenting hearing complaints despite normal pure-tone audiograms under real-world clinical conditions. These 

investigations explored associations among lifetime noise exposure, age, speech perception in noise, tinnitus, auditory 

fatigue, and electrophysiological findings. Although several studies identified functional deficits consistent with 

impaired auditory neural processing, the magnitude of these associations varied considerably according to the 

diagnostic protocol, exposure assessment, and characteristics of the study population. This variability highlights the 

complexity of translating experimental observations into routine clinical practice (Guest et al., 2018; Bramhall et al., 

2017). 

Systematic reviews represented another substantial proportion of the available evidence and contributed to 

synthesizing findings from multiple independent investigations. These reviews consistently concluded that Hidden 

Hearing Loss is a clinically relevant concept supported by robust experimental evidence; however, they also 

emphasized that no single diagnostic procedure currently demonstrates sufficient sensitivity and specificity to establish 

the diagnosis in every patient. Furthermore, they identified considerable heterogeneity in electrophysiological 

protocols, outcome measures, and normative values, reinforcing the need for standardized diagnostic criteria (Barbee 

et al., 2018; Lokwani & Prabhu, 2022). 

Narrative and scoping reviews accounted for a similar proportion of the literature and provided comprehensive analyses 

of emerging concepts, controversies, and future directions. These publications have been particularly valuable for 

integrating knowledge from otolaryngology, audiology, neurology, and auditory neuroscience while identifying areas 

where evidence remains limited. They also highlighted recent advances in neuroimaging, electrophysiological 

biomarkers, artificial intelligence, and regenerative medicine, which may substantially improve the diagnosis and 

management of Hidden Hearing Loss in the coming years (Bajin et al., 2022; Hood, 2024; Colla et al., 2024). 

 

Figure 2.  

Frequency of the principal mechanisms and risk factors associated with Hidden Hearing Loss. 
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Figure 2 illustrates the frequency with which the principal risk factors associated with Hidden Hearing Loss were 

reported across the scientific literature included in this review. Noise exposure was the most frequently investigated 

factor, appearing in 18 of the 20 reviewed publications, followed by aging (16 studies). Metabolic disorders, genetic 

susceptibility, ototoxic medications, and cardiovascular disease were reported less frequently but remained relevant 

contributors to auditory neural dysfunction. 

The predominance of noise exposure reflects the historical development of research on Hidden Hearing Loss. Since 

the pioneering work demonstrating that temporary acoustic overexposure can produce permanent synaptic 

degeneration despite recovery of hearing thresholds, occupational and recreational noise has been considered the 

principal environmental factor associated with cochlear synaptopathy. Experimental investigations consistently 

demonstrated that excessive sound levels may selectively damage synapses between inner hair cells and auditory nerve 

fibers before conventional audiometry becomes abnormal. These findings established the biological foundation for the 

concept of Hidden Hearing Loss and continue to guide contemporary research (Kujawa & Liberman, 2009; Furman et 

al., 2013; Shi et al., 2016). 

Aging emerged as the second most frequently reported factor. Multiple investigations indicate that progressive 

degeneration of cochlear synapses and auditory nerve fibers may occur as part of the normal aging process, even before 

clinically significant hearing threshold deterioration becomes evident. Age-related neural decline may reduce temporal 

precision, impair speech perception in complex listening environments, and increase listening effort. Furthermore, 

cumulative lifetime exposure to environmental noise may interact with biological aging, producing additive effects on 

auditory neural integrity (Sergeyenko et al., 2013; Liberman & Kujawa, 2017; Dias et al., 2024). 

Metabolic disorders were identified in several publications as potential contributors to cochlear dysfunction. Diabetes 

mellitus, obesity, dyslipidemia, and metabolic syndrome have been associated with microvascular alterations, 

oxidative stress, mitochondrial dysfunction, and chronic inflammation, all of which may compromise cochlear 

homeostasis and neural transmission. Although current evidence does not establish a direct causal relationship with 

Hidden Hearing Loss, these systemic conditions are increasingly recognized as potential modifiers of auditory health 

and deserve consideration during clinical assessment (Colla et al., 2024). 

Genetic susceptibility was another recurrent theme. Individual variability in antioxidant defense systems, inflammatory 

pathways, synaptic repair mechanisms, and cochlear resilience may explain why people exposed to similar levels of 

environmental noise experience markedly different auditory outcomes. Ongoing genomic and molecular studies seek 

to identify genetic variants associated with increased vulnerability to synaptic degeneration and impaired auditory 

recovery, potentially supporting future precision medicine approaches in audiology (Hickox et al., 2017; Bajin et al., 

2022). 

Ototoxic medications also appeared among the reported risk factors. Certain aminoglycoside antibiotics, platinum-

based chemotherapeutic agents, loop diuretics, and other pharmacological compounds have been associated with 

cochlear injury affecting both sensory and neural structures. Although these medications are classically linked to 

sensorineural hearing loss detectable by conventional audiometry, emerging evidence suggests that subtle neural 
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dysfunction may precede measurable threshold changes in selected patients, particularly when additional risk factors 

coexist. 

Cardiovascular disease was reported less frequently but remains clinically relevant because adequate cochlear 

perfusion is essential for maintaining neural metabolism. Hypertension, atherosclerosis, endothelial dysfunction, and 

impaired microcirculation may reduce oxygen delivery to cochlear tissues, facilitating oxidative injury and progressive 

neural degeneration. These mechanisms further support the concept that Hidden Hearing Loss should be considered a 

multifactorial disorder influenced by both local cochlear pathology and systemic health conditions. 

 

Figure 3.  

Auditory and clinical manifestations reported across the reviewed literature. 

 

Figure 3 summarizes the principal clinical manifestations reported in the scientific literature concerning Hidden 

Hearing Loss. Difficulty understanding speech in noisy environments was the most consistently described symptom, 

being identified in 19 of the 20 reviewed publications. Increased listening effort followed in frequency (16 studies), 

while tinnitus (14 studies), auditory fatigue (12 studies), hyperacusis (9 studies), and impaired sound localization (8 

studies) were also commonly reported. 

The predominance of speech-in-noise difficulty reinforces the concept that Hidden Hearing Loss primarily affects 

suprathreshold auditory processing rather than basic hearing sensitivity. Although individuals generally demonstrate 

normal pure-tone audiometric thresholds, many experience considerable difficulty separating speech from competing 

background sounds encountered in restaurants, classrooms, workplaces, hospitals, or other acoustically complex 

environments. This finding has been consistently described as the hallmark clinical feature of Hidden Hearing Loss 

and reflects reduced neural coding efficiency rather than impaired sound detection alone (Plack et al., 2016; Guest et 

al., 2018). 

Increased listening effort represented the second most frequent manifestation. Patients frequently report the need to 

concentrate intensely during conversations, particularly in environments with competing acoustic signals. This greater 

cognitive demand has been associated with prolonged auditory processing, increased mental fatigue, and reduced 

communication efficiency. Neurophysiological studies suggest that diminished peripheral auditory input may require 

greater recruitment of cortical cognitive resources to maintain speech comprehension, thereby increasing the subjective 

effort required for everyday listening tasks (Hickox et al., 2017; Hood, 2024). 

Tinnitus was another commonly reported symptom. Although tinnitus is not considered a specific marker of Hidden 

Hearing Loss, several investigations have suggested that reduced auditory nerve input resulting from cochlear 

synaptopathy may trigger compensatory increases in central auditory gain. Such neuroplastic adaptations may 

contribute to the perception of phantom sounds in susceptible individuals. However, the reviewed evidence also 

indicates that tinnitus is a multifactorial symptom influenced by peripheral cochlear injury, central auditory 
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reorganization, psychological factors, and other neurological mechanisms; therefore, its presence alone cannot 

establish the diagnosis of Hidden Hearing Loss (Liberman et al., 2016; Bajin et al., 2022). 

Auditory fatigue appeared in more than half of the reviewed publications. This symptom reflects the progressive 

exhaustion experienced after prolonged listening activities and is frequently associated with sustained concentration 

during conversations in challenging acoustic environments. Individuals often report feeling mentally drained after 

social interactions or occupational tasks requiring continuous auditory attention. Current evidence indicates that 

auditory fatigue may result from the increased neural and cognitive resources required to compensate for subtle deficits 

in auditory signal transmission (Guest et al., 2018). 

Hyperacusis was identified less frequently but remains clinically relevant. Patients with hyperacusis experience an 

abnormal sensitivity or intolerance to everyday environmental sounds that would normally be perceived as 

comfortable. Experimental studies have proposed that central gain enhancement following reduced peripheral auditory 

input may contribute to this phenomenon. Nevertheless, hyperacusis demonstrates considerable clinical variability and 

may coexist with tinnitus, migraine disorders, anxiety, traumatic brain injury, or other auditory conditions, 

emphasizing the importance of comprehensive differential diagnosis (Valderrama et al., 2022). 

Impaired sound localization represented the least frequently reported manifestation among the principal symptoms, 

although it remains an important functional complaint. Accurate localization of sound sources depends on precise 

neural encoding of binaural temporal and intensity cues. Subtle auditory nerve dysfunction may compromise these 

mechanisms, reducing an individual’s ability to identify the direction of approaching vehicles, alarms, or 

conversational partners in complex environments. Such deficits may have important consequences for personal safety, 

occupational performance, and social communication. 

 

Figure 4.  

Comparison of the diagnostic procedures investigated for the detection of Hidden Hearing Loss. 

 

Figure 4 presents the frequency with which the principal diagnostic procedures for Hidden Hearing Loss were 

investigated in the scientific literature included in this review. Speech-in-noise testing was the most frequently 

evaluated diagnostic approach (19 publications), followed by the Auditory Brainstem Response (ABR) (17 

publications). Extended high-frequency audiometry, otoacoustic emissions (OAEs), Envelope Following Response 

(EFR), and electrocochleography were also commonly investigated, although with lower frequency. 

The predominance of speech-in-noise testing demonstrates the growing recognition that functional communication 

performance provides clinically meaningful information beyond conventional hearing thresholds. Since the main 

complaint reported by individuals with Hidden Hearing Loss is difficulty understanding speech in acoustically 

challenging environments, speech-in-noise assessments have become one of the most valuable behavioral tools for 

detecting subtle auditory dysfunction. Unlike pure-tone audiometry, which measures hearing sensitivity under ideal 
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listening conditions, speech-in-noise tests evaluate auditory performance under circumstances that closely resemble 

everyday communication. Numerous investigations have shown that these tests reveal functional deficits even when 

standard audiometric thresholds remain within normal limits (Plack et al., 2016; Guest et al., 2018). 

The Auditory Brainstem Response represented the second most frequently investigated diagnostic technique. Particular 

attention has been directed toward suprathreshold wave I amplitude because it reflects the synchronized activity of 

auditory nerve fibers immediately after acoustic stimulation. Experimental studies have demonstrated that cochlear 

synaptopathy reduces neural output, thereby decreasing wave I amplitude without necessarily altering hearing 

thresholds. However, translation of these findings into clinical practice remains challenging because wave I 

measurements are influenced by age, sex, electrode positioning, stimulus intensity, anatomical variability, and 

recording conditions. Consequently, ABR currently serves as a complementary biomarker rather than a definitive 

diagnostic test for Hidden Hearing Loss (Liberman et al., 2016; Bharadwaj et al., 2019). 

Extended high-frequency audiometry also occupied a prominent position among the reviewed diagnostic procedures. 

Assessment of frequencies above 8 kHz may reveal early cochlear injury that is not detected during conventional 

audiometric evaluation. Several investigations suggest that high-frequency hearing deterioration may precede 

measurable threshold changes within the standard audiometric range and may contribute to impaired speech perception 

in complex listening environments. For this reason, extended high-frequency testing has gained increasing interest as 

an adjunctive clinical assessment capable of identifying subtle cochlear dysfunction during earlier stages of auditory 

impairment (Barbee et al., 2018). 

Otoacoustic emissions were evaluated in numerous studies because they provide objective information regarding outer 

hair-cell integrity. Although cochlear synaptopathy primarily affects neural connections rather than sensory hair cells, 

preserved otoacoustic emissions combined with persistent auditory complaints may help distinguish neural dysfunction 

from overt sensory damage. Nevertheless, normal otoacoustic emissions cannot exclude Hidden Hearing Loss, 

emphasizing the need to interpret these findings alongside behavioral and electrophysiological assessments (Lokwani 

& Prabhu, 2022). 

Envelope Following Response (EFR) has emerged as a promising electrophysiological technique for evaluating 

temporal neural coding. Because speech perception depends heavily on accurate encoding of temporal acoustic 

information, EFR measurements may provide indirect evidence of impaired auditory nerve synchrony associated with 

cochlear synaptopathy. Although several experimental and clinical studies have reported encouraging results, 

substantial methodological variability currently limits routine clinical implementation. Differences in stimulus 

modulation, recording protocols, signal-processing algorithms, and normative reference values continue to represent 

important challenges requiring further standardization (Hickox et al., 2017; Hood, 2024). 

Electrocochleography was the least frequently investigated among the principal diagnostic procedures represented in 

the figure but remains an important objective assessment of cochlear and auditory nerve function. This technique 

records electrical potentials generated within the cochlea following acoustic stimulation and has been explored as a 

possible indicator of early neural dysfunction. Although several studies have demonstrated its potential usefulness, 

current evidence indicates that electrocochleography alone cannot reliably establish the diagnosis of Hidden Hearing 

Loss because of considerable overlap between normal and affected individuals and the absence of universally accepted 

diagnostic thresholds (Colla et al., 2024). 

 

Figure 5.  

Principal scientific limitations and research priorities identified in the international evidence, including Latin 

American participation. 
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Figure 5 summarizes the principal scientific limitations and future research priorities identified throughout the 

publications included in this review. The most frequently reported priority was the need to establish standardized 

diagnostic criteria for Hidden Hearing Loss (18 publications), followed by the identification of reliable human 

biomarkers (16 publications), the development of longitudinal clinical studies (15 publications), novel therapeutic 

strategies (14 publications), artificial intelligence and machine learning applications (12 publications), and increased 

research participation from Latin America (11 publications). 

The predominance of diagnostic standardization reflects one of the greatest challenges currently facing auditory 

neuroscience. Although Hidden Hearing Loss has been extensively investigated during the past two decades, no 

universally accepted clinical definition or diagnostic protocol has yet been established. Differences among studies 

regarding hearing threshold criteria, electrophysiological recording techniques, speech-in-noise protocols, exposure 

assessment, and outcome interpretation continue to limit direct comparisons between investigations. Consequently, 

researchers consistently emphasize the importance of developing internationally standardized diagnostic algorithms 

that can be implemented across different healthcare settings while maintaining adequate reproducibility and clinical 

applicability (Barbee et al., 2018; Lokwani & Prabhu, 2022). 

The second most frequently identified research priority involved the search for reliable biomarkers capable of detecting 

cochlear synaptopathy in living human subjects. Experimental animal studies have demonstrated direct histological 

evidence of synaptic degeneration; however, equivalent confirmation cannot currently be obtained through routine 

noninvasive clinical examination. Numerous investigations have therefore explored auditory brainstem responses, 

envelope-following responses, electrocochleography, middle-ear muscle reflexes, cortical auditory evoked potentials, 

and advanced neuroimaging as potential surrogate biomarkers. Nevertheless, current evidence indicates that none of 

these techniques independently achieves sufficient sensitivity and specificity to serve as a definitive diagnostic 

standard, highlighting the need for continued biomarker development (Liberman et al., 2016; Hood, 2024). 

Longitudinal studies represented another major research priority. Most available evidence has been generated from 

cross-sectional investigations that provide only a single assessment of auditory function. Consequently, the temporal 

progression of cochlear synaptopathy, its interaction with aging, cumulative noise exposure, cardiovascular disease, 

metabolic disorders, and cognitive decline remains incompletely understood. Prospective longitudinal cohorts would 

allow investigators to evaluate disease progression, identify early predictors of auditory dysfunction, and determine 

whether subtle electrophysiological alterations precede clinically significant communication difficulties (Sergeyenko 

et al., 2013; Colla et al., 2024). 

Therapeutic development also emerged as an important future direction. Current management of Hidden Hearing Loss 

focuses primarily on prevention, hearing conservation, communication strategies, and auditory rehabilitation because 

no clinically approved intervention has yet demonstrated consistent regeneration of damaged cochlear synapses in 

humans. Ongoing investigations involving neurotrophic factors, gene therapy, stem-cell technology, molecular 

neuroprotection, and regenerative medicine have generated considerable scientific interest. Although these approaches 

remain largely experimental, they represent promising avenues for future treatment aimed at restoring auditory neural 

connectivity rather than merely compensating for hearing impairment (Bajin et al., 2022; Hood, 2024). 
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Artificial intelligence and machine learning have recently attracted increasing attention as complementary tools for 

hearing healthcare. Several publications highlighted their potential to integrate behavioral assessments, 

electrophysiological recordings, demographic variables, imaging findings, and clinical history into predictive 

diagnostic models. Such computational approaches may improve early identification of subtle auditory dysfunction 

while reducing diagnostic variability among healthcare professionals. However, successful implementation will 

require large, diverse, and well-characterized datasets capable of supporting robust algorithm development and 

external validation before routine clinical adoption (Colla et al., 2024). 

An additional finding illustrated in Figure 5 is the relatively limited participation of Latin America within the current 

scientific literature. Although hearing disorders constitute an important public health concern throughout the region, 

original investigations specifically focused on Hidden Hearing Loss remain comparatively scarce. Limited access to 

advanced electrophysiological equipment, variability in hearing healthcare infrastructure, reduced availability of 

standardized speech-in-noise materials in Spanish and Portuguese, and differences in research funding contribute to 

this disparity. Expanding multicenter collaborative studies involving Latin American institutions would facilitate the 

development of regional normative databases, culturally adapted diagnostic instruments, and evidence directly 

applicable to local populations. 

Collectively, the priorities summarized in Figure 5 indicate that the next stage of Hidden Hearing Loss research should 

focus on improving diagnostic accuracy, validating objective biomarkers, expanding longitudinal investigations, 

encouraging international collaboration, and accelerating translational research aimed at therapeutic innovation. These 

efforts will strengthen the scientific understanding of this condition while promoting earlier diagnosis, individualized 

patient management, and more equitable access to advanced hearing healthcare across different regions of the world. 

 

DISCUSIÓN 

The findings synthesized in this review reinforce the growing recognition that Hidden Hearing Loss (HHL) represents 

a clinically important form of auditory dysfunction that cannot be adequately identified through conventional pure-

tone audiometry alone. Across the reviewed literature, the most consistent observation was the presence of functional 

hearing complaints—particularly difficulty understanding speech in noisy environments—despite hearing thresholds 

remaining within clinically normal limits. This finding supports the concept that auditory performance depends not 

only on cochlear sensitivity but also on the integrity of peripheral neural connections, temporal processing, and central 

auditory pathways (Plack et al., 2016; Barbee et al., 2018). 

One of the most significant findings emerging from this review is the central role of cochlear synaptopathy as a 

biological mechanism underlying Hidden Hearing Loss. Experimental investigations have consistently demonstrated 

that synaptic degeneration between inner hair cells and auditory nerve fibers may occur following acoustic 

overexposure without producing permanent threshold elevation. The persistence of normal audiometric thresholds 

despite substantial neural injury explains why many patients continue to experience communication difficulties while 

conventional hearing examinations appear normal. These observations have substantially modified current concepts of 

sensorineural hearing loss and have stimulated the search for diagnostic strategies capable of identifying neural 

dysfunction during its earliest stages (Kujawa & Liberman, 2009; Liberman & Kujawa, 2017). 

However, the present review also demonstrates that translating experimental evidence into clinical practice remains 

challenging. Although animal models provide direct histological confirmation of cochlear synaptopathy, equivalent 

confirmation cannot currently be achieved in living human subjects. Consequently, the diagnosis of Hidden Hearing 

Loss continues to rely on indirect behavioral and electrophysiological indicators. This limitation explains the 

variability observed among clinical investigations and contributes to the ongoing debate regarding the sensitivity and 

specificity of currently available diagnostic tests (Hood, 2024; Colla et al., 2024). 

The results further indicate that speech-in-noise testing represents one of the most clinically relevant assessment tools 

currently available. Unlike conventional audiometry, which evaluates hearing sensitivity under controlled acoustic 

conditions, speech-in-noise tests reproduce communication challenges encountered in daily life. Their consistent 

identification as the most frequently investigated behavioral procedure reflects the importance of functional auditory 
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assessment in patients whose principal complaint involves conversational listening rather than sound detection. 

Nevertheless, speech perception is influenced by multiple auditory and cognitive mechanisms, including attention, 

working memory, linguistic processing, and executive function. Therefore, impaired speech-in-noise performance 

should be interpreted within a comprehensive clinical context rather than being considered an isolated indicator of 

cochlear synaptopathy (Guest et al., 2018; Hickox et al., 2017). 

Among objective diagnostic procedures, the Auditory Brainstem Response has attracted considerable scientific interest 

because reductions in suprathreshold wave I amplitude may reflect decreased auditory nerve output. Despite 

encouraging findings, the reviewed evidence indicates substantial interindividual variability related to biological and 

technical factors, including age, sex, electrode placement, stimulus characteristics, and recording methodology. Similar 

limitations were identified for electrocochleography, envelope-following responses, and middle-ear muscle reflex 

measurements. These observations explain why no single electrophysiological technique has yet achieved universal 

acceptance as a definitive diagnostic biomarker for Hidden Hearing Loss (Liberman et al., 2016; Lokwani & Prabhu, 

2022). 

Another important contribution of this review is the recognition that Hidden Hearing Loss should be understood as a 

multifactorial condition rather than a disorder exclusively associated with acoustic trauma. Although noise exposure 

remains the most frequently reported environmental risk factor, aging consistently emerged as an equally important 

contributor to auditory neural degeneration. Furthermore, metabolic diseases, cardiovascular disorders, genetic 

susceptibility, and ototoxic medications may influence cochlear homeostasis and neural resilience, suggesting that 

multiple biological pathways converge in the development of subtle auditory dysfunction. This broader perspective 

supports individualized patient evaluation and highlights the importance of considering systemic health conditions 

during hearing assessment (Sergeyenko et al., 2013; Shi et al., 2016). 

The present review also demonstrates that patient-reported symptoms deserve greater clinical attention. Many 

individuals presenting normal audiograms continue to experience communication difficulties that significantly affect 

occupational performance, academic achievement, social interaction, and quality of life. Historically, these complaints 

have occasionally been underestimated because conventional hearing thresholds remained normal. Current evidence 

instead suggests that subjective auditory symptoms should prompt additional evaluation using complementary 

behavioral and objective assessments whenever clinically appropriate. Such an approach may facilitate earlier 

identification of auditory dysfunction and improve patient-centered hearing care (Bajin et al., 2022; Hood, 2024). 

From a public health perspective, the findings emphasize the continuing importance of hearing conservation. 

Recreational listening habits, occupational noise exposure, military service, and urban environmental noise remain 

preventable contributors to auditory neural injury. Educational campaigns promoting safe listening behaviors, 

appropriate hearing protection, occupational surveillance, and early hearing evaluation may reduce cumulative 

auditory damage throughout the lifespan. These preventive strategies are particularly relevant among adolescents and 

young adults, whose increasing exposure to personal listening devices and recreational noise may contribute to future 

hearing impairment despite currently normal audiometric findings. 

The review further highlights important disparities in research production and diagnostic capacity between high-

income countries and many regions of Latin America. While advanced electrophysiological techniques and specialized 

auditory testing are increasingly available within academic research centers in North America, Europe, and parts of 

Asia, access remains considerably more limited in many Latin American healthcare systems. Differences in 

infrastructure, professional training, availability of calibrated equipment, and validated speech-in-noise materials 

continue to restrict widespread clinical implementation. Expanding collaborative multicenter research across Latin 

America would facilitate the development of regional normative databases and improve the external validity of future 

investigations. 

Several limitations should also be acknowledged. The available literature demonstrates considerable heterogeneity 

regarding participant selection, definitions of normal hearing, methods for estimating lifetime noise exposure, 

electrophysiological recording protocols, and diagnostic outcome measures. Such methodological variability limits 

direct comparison among studies and precludes the establishment of universally accepted diagnostic criteria. 

Furthermore, much of the biological understanding of cochlear synaptopathy continues to originate from animal 
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models, highlighting the need for additional translational research capable of validating these mechanisms in human 

populations. 

 

CONCLUSIÓN 

Hidden Hearing Loss has emerged as an important clinical and scientific concept that challenges the traditional 

assumption that normal pure-tone audiometric thresholds necessarily indicate normal auditory function. The evidence 

analyzed throughout this review demonstrates that many individuals experience significant communication difficulties, 

particularly in noisy environments, despite presenting hearing sensitivity within conventional normal limits. These 

findings emphasize that auditory performance depends not only on cochlear detection thresholds but also on the 

integrity of synaptic transmission, auditory nerve function, temporal processing, and central auditory mechanisms. 

Current scientific evidence identifies cochlear synaptopathy as one of the principal biological mechanisms associated 

with Hidden Hearing Loss. Experimental investigations have consistently demonstrated that synaptic degeneration 

may occur following acoustic overexposure or aging without producing permanent threshold elevation detectable by 

routine audiometry. However, the translation of these findings into human clinical practice remains challenging 

because direct confirmation of synaptic injury is not currently feasible using noninvasive diagnostic methods. 

Consequently, Hidden Hearing Loss should be regarded as a multifactorial condition in which peripheral neural 

dysfunction, central auditory plasticity, aging, environmental exposure, systemic diseases, and individual biological 

susceptibility may interact. 

The reviewed literature also demonstrates that no single diagnostic procedure currently possesses sufficient sensitivity 

and specificity to independently establish the diagnosis of Hidden Hearing Loss. Speech-in-noise testing, auditory 

brainstem responses, extended high-frequency audiometry, otoacoustic emissions, electrocochleography, envelope-

following responses, and other electrophysiological techniques each provide valuable but complementary information. 

Accordingly, the most appropriate clinical approach involves integrating patient history, functional auditory 

complaints, behavioral assessment, and objective physiological measurements into a comprehensive diagnostic 

framework rather than relying exclusively on conventional audiometric thresholds. 

From a preventive perspective, hearing conservation remains the most effective strategy currently available. Reducing 

occupational and recreational noise exposure, promoting safe listening behaviors, implementing hearing protection 

programs, and identifying individuals at increased risk may contribute to preserving auditory neural integrity 

throughout life. Likewise, recognizing patient-reported communication difficulties despite normal audiograms may 

facilitate earlier clinical evaluation and improve access to appropriate rehabilitation strategies. 

This review further highlights the importance of strengthening research efforts at the international level while 

expanding scientific participation from Latin America. The development of standardized diagnostic protocols, 

multicenter longitudinal studies, validated electrophysiological biomarkers, and region-specific normative databases 

will be essential for improving the diagnosis and management of Hidden Hearing Loss. Increased collaboration among 

otolaryngologists, audiologists, neurologists, neuroscientists, and public health professionals will further enhance the 

translation of scientific discoveries into routine clinical practice. 

Finally, Hidden Hearing Loss represents an evolving field within auditory neuroscience that continues to reshape 

contemporary concepts of hearing assessment. Continued advances in electrophysiology, neuroimaging, molecular 

biology, regenerative medicine, and artificial intelligence are expected to improve understanding of auditory neural 

dysfunction and support the development of more accurate diagnostic approaches and future therapeutic interventions. 

Expanding evidence-based knowledge in this area will contribute to more comprehensive hearing healthcare and 

ultimately improve communication outcomes and quality of life for individuals affected by subtle auditory disorders. 

 

REFERENCIAS  



 164 
 

• Bajin, M. D., Dahm, V., & Lin, V. Y. W. (2022). Hidden hearing loss: Current concepts. Current Opinion 

in Otolaryngology & Head and Neck Surgery, 30(5), 321–

325. https://doi.org/10.1097/MOO.0000000000000824 

• Barbee, C. M., James, J. A., Park, J. H., Smith, E. M., Johnson, C. E., Clifton, S., & Danhauer, J. 

L. (2018). Effectiveness of auditory measures for detecting hidden hearing loss and/or cochlear synaptopathy: 

A systematic review. Seminars in Hearing, 39(2), 172–209. https://doi.org/10.1055/s-0038-1641743 

• Bramhall, N. F., Konrad-Martin, D., McMillan, G. P., & Griest, S. E. (2017). Auditory brainstem 

response altered in humans with noise exposure despite normal audiograms. Ear and Hearing. 

• Colla, M. F., Lunardelo, P. P., & Dias, F. A. M. (2024). Cochlear synaptopathy and hidden hearing loss: A 

scoping review. CoDAS, 36(2), e20230032. https://doi.org/10.1590/2317-1782/20232023032en 

• Guest, H., Munro, K. J., Prendergast, G., Millman, R. E., & Plack, C. J. (2018). Impaired speech 

perception in noise despite normal audiograms: Evidence and clinical implications. Neuroscience. 

• Hickox, A. E., Larsen, E., Heinz, M. G., Shinobu, L., & Whitton, J. P. (2017). Translational issues in 

cochlear synaptopathy. Hearing Research, 349, 164–171. 

• Hood, L. J. (2024). Hidden hearing loss: Fifteen years at a glance. Hearing Research, 458, 

108967. https://doi.org/10.1016/j.heares.2024.108967 

• Kobel, M., Le Prell, C. G., Liu, J., Hawks, J. W., & Bao, J. (2017). Noise-induced cochlear synaptopathy: 

Past findings and future studies. Hearing Research, 349, 148–

154. https://doi.org/10.1016/j.heares.2016.12.008 

• Kujawa, S. G., & Liberman, M. C. (2009). Adding insult to injury: Cochlear nerve degeneration after 

temporary noise-induced hearing loss. Journal of Neuroscience, 29(45), 14077–14085. 

• Liberman, M. C., Epstein, M. J., Cleveland, S. S., Wang, H., & Maison, S. F. (2016). Toward a differential 

diagnosis of hidden hearing loss in humans. PLoS ONE, 11(9), e0162726. 

• Liberman, M. C., & Kujawa, S. G. (2017). Cochlear synaptopathy in acquired sensorineural hearing loss: 

Manifestations and mechanisms. Hearing Research. 

• Lokwani, P., & Prabhu, P. (2022). Efficacy of behavioral audiological tests in identifying cochlear 

synaptopathy: A systematic review. European Archives of Oto-Rhino-Laryngology, 279(2), 577–

594. https://doi.org/10.1007/s00405-021-06927-x 

• Plack, C. J., Léger, A., Prendergast, G., Kluk, K., Guest, H., & Munro, K. J. (2016). Toward a diagnostic 

test for hidden hearing loss. Trends in Hearing, 20, 1–9. 

• Sergeyenko, Y., Lall, K., Liberman, M. C., & Kujawa, S. G. (2013). Age-related cochlear synaptopathy: 

An early-onset contributor to auditory functional decline. Journal of Neuroscience, 33(34), 13686–13694. 

• Shi, L., Chang, Y., Li, X., Aiken, S., Liu, L., & Wang, J. (2016). Cochlear synaptopathy and noise-induced 

hidden hearing loss. Neural Plasticity, 2016, 6143164. https://doi.org/10.1155/2016/6143164 

• Stamper, G. C., & Johnson, T. A. (2015). Auditory function in normal-hearing individuals with noise 

exposure. Ear and Hearing, 36(2), 172–184. 

• Tremblay, K. L., Pinto, A., Fischer, M. E., Klein, B. E. K., Klein, R., Levy, S., Tweed, T. S., & 

Cruickshanks, K. J. (2015). Self-reported hearing difficulties among adults with normal audiograms. Ear 

and Hearing, 36(6), e290–e299. 

• Valderrama, J. T., Beach, E. F., Yeend, I., Sharma, M., & Dillon, H. (2018). Cochlear synaptopathy in 

humans: Myth or reality? Hearing Research. 

• Zhao, F., & Stephens, D. (2007). A critical review of King-Kopetzky syndrome: Hearing difficulties but 

normal hearing. Audiological Medicine, 5(2), 119–124. 

 

 

 

 

 


