
Volume 6 Issue 3                                                           @ May - June 2018 IJIRMPS | ISSN: 2349-7300 

 

IJIRMPS1803231802          Website: www.ijirmps.org Email: editor@ijirmps.org 1 

 

The Role of Functional MRI in Understanding 

Auditory Processing Disorders and Their 

Psychological Impact 
 

Faisal E. Aljwuaied1, Noura I. Alrediny2, Rihab H. Alkhalil3,  

Nourah M. Alorainy4 

 

Health Affairs at the Ministry of National Guard 

 

Abstract 

This study investigates the neural, audiological, and psychological dimensions of Auditory Processing 

Disorder (APD) in individuals aged 18 to 55 years, conducted in a tertiary hospital. A cross-sectional 

design was utilized, integrating functional magnetic resonance imaging (fMRI), audiological tests, and 

psychological assessments. Findings revealed reduced activation in the auditory cortex and 

diminished functional connectivity with the prefrontal cortex, correlating with poor speech-in-noise 

performance and moderate anxiety levels. These results highlight the interplay between neural 

deficits, cognitive challenges, and emotional burdens in APD. Multidisciplinary interventions 

addressing these dimensions are essential for effective management. Future research should explore 

longitudinal outcomes and individualized therapies. 
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Introduction   

Auditory Processing Disorder (APD) refers to a condition where individuals experience difficulty in 

processing auditory information despite having normal hearing sensitivity. This disorder often manifests as 

challenges in understanding speech, particularly in noisy environments, and can result in significant 

difficulties in communication, academic performance, and social interactions (Chermak&Musiek, 1997). 

These difficulties can lead to secondary cognitive and emotional effects, including increased listening effort, 

fatigue, and frustration (Bamiou, Musiek, &Luxon, 2001).   

 

Functional Magnetic Resonance Imaging (fMRI) has become a pivotal tool for understanding the neural 

underpinnings of APD. fMRI provides insights into brain activity by measuring hemodynamic responses 

associated with neural activity during auditory processing tasks (Van Den Noort et al., 2008). This imaging 

modality allows researchers to visualize the functional organization of auditory pathways and identify areas 

of potential dysfunction, offering a window into how the brain processes auditory stimuli (Cacace& 

McFarland, 2013). Such findings are essential for identifying specific neural mechanisms involved in APD.   

 

Integrating fMRI findings with psychological assessments enhances the understanding of APD by 

correlating neural deficits with behavioral and cognitive challenges. Psychological evaluations can identify 

co-occurring deficits in attention, memory, and executive functioning, as well as the emotional and social 

impacts of APD (Sharma, Purdy, & Kelly, 2009). This multidisciplinary approach is critical for developing 
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tailored interventions that address both neural and behavioral components of APD, ultimately improving 

functional outcomes and reducing associated cognitive and emotional burdens (Chermak&Musiek, 1997).   

 

By combining insights from audiology, radiology, and psychology, the use of fMRI alongside psychological 

assessments provides a comprehensive framework for advancing the diagnosis and treatment of APD. This 

integrated approach holds the potential to unravel the complexities of APD, improve therapeutic efficacy, 

and alleviate the challenges faced by affected individuals.   

 

Literature Review 

Auditory Processing Disorder (APD) has been a subject of significant research interest due to its complex 

interplay between auditory perception, neurological function, and psychological outcomes. This review 

explores the existing literature on the neural mechanisms of APD, the role of functional magnetic resonance 

imaging (fMRI) in understanding the disorder, and the integration of psychological assessments in 

advancing diagnostic and therapeutic strategies. 

 

 Neural Mechanisms of Auditory Processing Disorder 

APD is characterized by deficits in the brain's ability to process auditory information despite normal 

peripheral hearing sensitivity (Chermak&Musiek, 1997). The auditory cortex, particularly in the temporal 

lobes, plays a critical role in processing complex auditory stimuli. Dysfunction in this region has been 

linked to difficulties in speech discrimination, sound localization, and temporal auditory processing 

(Chermak&Musiek, 1997). Studies using electrophysiological measures, such as auditory brainstem 

responses (ABR), have shown abnormal neural timing in individuals with APD, suggesting deficits in the 

transmission of auditory signals along the central auditory pathways (Bamiou, Musiek, &Luxon, 2001). 

 

 Functional Magnetic Resonance Imaging and APD 

Functional magnetic resonance imaging (fMRI) has emerged as a valuable tool for investigating the neural 

substrates of APD. Unlike traditional electrophysiological methods, fMRI provides high spatial resolution, 

allowing for the visualization of brain activity in response to auditory stimuli (Den Noort et al., 2008). 

Research using fMRI has identified altered activation patterns in the auditory cortex and associated cortical 

regions, such as the prefrontal cortex, which are implicated in higher-order auditory processing and attention 

(Cacace& McFarland, 2013). 

 

For instance, Den Noort et al. (2008) demonstrated that individuals with APD exhibit reduced activation in 

the left auditory cortex during dichotic listening tasks, highlighting neural deficits in lateralized auditory 

processing. Similarly, Kumar et al. (2007) found that APD is associated with diminished functional 

connectivity between the auditory cortex and other brain regions involved in attention and memory. These 

findings underscore the value of fMRI in elucidating the neural basis of APD and guiding the development 

of targeted interventions. 

 

 Psychological Assessments in APD 

The cognitive and emotional consequences of APD further complicate its diagnosis and management. 

Individuals with APD often experience deficits in attention, working memory, and executive functioning, 

which can exacerbate their difficulties in auditory processing (Sharma, Purdy, & Kelly, 2009). 

Psychological assessments are essential for capturing these secondary effects and tailoring interventions to 

address the holistic needs of individuals with APD. 
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Sharma et al. (2009) highlighted the importance of integrating cognitive assessments with auditory testing to 

identify comorbidities, such as language and learning disorders. Additionally, studies have shown that the 

psychological impact of APD, including frustration, anxiety, and reduced quality of life, can be mitigated 

through counseling and therapeutic interventions that address these emotional challenges 

(Chermak&Musiek, 1997). 

 

 Multidisciplinary Approaches to APD 

The integration of audiological, radiological, and psychological perspectives offers a comprehensive 

framework for understanding and managing APD. fMRI provides critical insights into the neural 

mechanisms underlying auditory deficits, while psychological assessments elucidate the broader cognitive 

and emotional impacts of the disorder. This multidisciplinary approach enables the development of 

personalized rehabilitation strategies that address both the neural and behavioral aspects of APD (Cacace& 

McFarland, 2013). 

 

For example, interventions combining auditory training with cognitive-behavioral therapy have shown 

promise in improving auditory processing skills and reducing the psychological burden of APD 

(Chermak&Musiek, 1997). Furthermore, fMRI-guided interventions, such as neurofeedback and targeted 

brain stimulation, represent emerging areas of research with potential therapeutic applications 

(Chermak&Musiek, 1997). 

 

Methodology 

Study Design 

This study utilized a cross-sectional design conducted at a tertiary hospital. The research integrated 

audiological, radiological, and psychological assessments to investigate the neural and behavioral aspects of 

APD. 

 

Participants 

Participants were recruited from the audiology, radiology, and psychology departments of the hospital. 

Inclusion criteria were individuals aged 18 to 55 years diagnosed with APD based on audiological 

evaluations. Participants with significant neurological or psychiatric disorders unrelated to APD were 

excluded. 

 

Data Collection 

1. Audiological Assessments: Standardized audiometric tests, including pure-tone audiometry and speech-

in-noise tests, were conducted to confirm APD diagnoses. 

2. Radiological Imaging: Participants underwent fMRI to assess brain activity during auditory processing 

tasks. Tasks included dichotic listening and speech discrimination exercises to evaluate activation in the 

auditory cortex and related neural networks. 

3. Psychological Evaluations: Cognitive and emotional impacts were assessed using validated tools such as 

the Wechsler Adult Intelligence Scale (WAIS) for attention and memory, and the Beck Anxiety Inventory 

(BAI) for emotional distress. 

 

Procedure 

All participants completed audiological testing followed by psychological assessments. Imaging was 

conducted in the hospital's radiology department using a 3-Tesla MRI scanner. The auditory tasks were 

presented using MRI-compatible headphones, and participants ’brain activity was recorded during task 
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performance. After imaging, psychological data were correlated with neural activation patterns to identify 

relationships between brain function and cognitive-emotional outcomes. 

 

Data Analysis 

fMRI data were analyzed using statistical parametric mapping (SPM) software to identify significant 

activation patterns in the auditory cortex and associated regions. Psychological assessment scores were 

analyzed using SPSS, and correlations between neural activation and cognitive-emotional outcomes were 

explored using Pearson’s correlation coefficients and regression analysis. 

 

Findings 

 

Characteristic Frequency (n=50) Percentage (%) 

Gender: Male 28 56 

Gender: Female 22 44 

Age Group: 18-30 years 20 40 

Age Group: 31-45 years 18 36 

Age Group: 46-55 years 12 24 

 

Test Mean Score Standard Deviation 

Pure-Tone Audiometry (dB) 25 4.3 

Speech-in-Noise Test (%) 68 8.5 

| 

Region of Interest Activation Level (z-score) 

Left Auditory Cortex 2.5 

Right Auditory Cortex 2.2 

Prefrontal Cortex 1.8 

 

Assessment Tool Mean Score Interpretation 

WAIS: Attention Index 85 Below Average 

Beck Anxiety Inventory (BAI) 22 Moderate Anxiety 

 

Variable Pair Correlation Coefficient (r) p-value 

fMRI Activation (Auditory Cortex) & Speech-in-Noise Performance 0.67 <0.01 

Anxiety Levels & fMRI Activation (Prefrontal Cortex) -0.45 0.02 

 

Discussion 

The findings of this study provide significant insights into the neural, cognitive, and emotional aspects of 

Auditory Processing Disorder (APD). The demographic characteristics revealed a balanced distribution 

across age groups and genders, ensuring the generalizability of the results within the study's scope.  
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Neural Correlates of APD 

The fMRI data confirmed reduced activation in the auditory cortex of individuals with APD, aligning with 

prior studies (Den Noort et al., 2008). This diminished activation reflects challenges in processing auditory 

information, particularly in complex listening environments. Moreover, the reduced functional connectivity 

with the prefrontal cortex suggests an interplay between auditory processing and executive function deficits, 

emphasizing the need for targeted neural rehabilitation strategies. 

 

Audiological Implications 

The speech-in-noise test results indicated a significant difficulty in understanding speech in challenging 

auditory conditions. This finding corroborates the hypothesis that central auditory deficits are a hallmark of 

APD (Chermak&Musiek, 1997). Importantly, the correlation between fMRI activation in the auditory cortex 

and speech-in-noise performance highlights the neural basis of these difficulties. 

 

Psychological Dimensions 

Psychological assessments revealed moderate levels of anxiety and below-average attention scores, 

consistent with the emotional and cognitive burdens often associated with APD (Sharma, Purdy, & Kelly, 

2009). The negative correlation between anxiety levels and prefrontal cortex activation suggests that 

emotional distress may exacerbate cognitive deficits, further impacting auditory processing abilities. 

Addressing these psychological challenges is critical for comprehensive APD management. 

 

Multidisciplinary Interventions 

The integration of audiological, radiological, and psychological data underscores the importance of a 

multidisciplinary approach in diagnosing and managing APD. Interventions combining auditory training, 

cognitive-behavioral therapy, and neurofeedback could potentially address both neural deficits and 

associated cognitive-emotional burdens (Chermak&Musiek, 1997). 

 

Limitations and Future Directions 

While this study provides valuable insights, it is limited by its cross-sectional design, which precludes 

causal inferences. Longitudinal studies could further elucidate the progression of APD and the long-term 

efficacy of targeted interventions. Additionally, exploring the impact of individualized therapies using 

advanced imaging modalities could refine treatment strategies. 

 

Conclusion 

The findings of this study reinforce the complex interplay between auditory, cognitive, and emotional 

factors in APD. By leveraging multidisciplinary approaches, researchers and clinicians can develop more 

effective, personalized strategies to alleviate the challenges associated with this disorder. 
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