
Benha Journal of Applied Sciences (BJAS)                                                          print: ISSN 2356–9751 

Vol. (9) Issue (9) (2024), (53- 59)                                                                            online: ISSN 2356–976x 

http://bjas.bu.edu.eg 

Benha Journal of Applied Sciences, Vol. (9) Issue (9) (2024( 

Reviewing Imaging Modalities for Chronic Middle Ear Inflammatory 

Disorders: A Comparative Analysis of Non-Echoplanar Diffusion MRI and CT 
Doaa. A.Abouelfadl, Mohamed.M.H.Fahim and Ikram.H.Mahmoud 

Radiology Dept., Faculty of Medicine, Benha University 

E-mail: doaafadl10@gmail.com 

 

Abstract 

Background: Chronic middle ear inflammatory disorders (CMED), including chronic otitis media (COM) and 

cholesteatoma, pose significant clinical challenges due to their persistent nature and potential to cause 

substantial morbidity. Accurate imaging is essential for diagnosing these conditions, guiding treatment 

decisions, and correlating with operative outcomes. While computed tomography (CT) has traditionally been 

used to evaluate bony structures, non-echoplanar diffusion MRI offers advanced soft tissue contrast that may 

enhance disease assessment. 

Objective: This narrative review aims to compare the efficacy of non-echoplanar diffusion MRI versus CT in 

the evaluation of CMED, focusing on their diagnostic capabilities and correlation with surgical outcomes. The 

review seeks to delineate how these imaging modalities differ in their effectiveness for assessing disease extent 

and predicting operative results. 

Conclusion: CT imaging excels in visualizing bony structures and is effective for initial diagnosis and surgical 

planning of CMED. However, it is limited in assessing soft tissue details. Non-echoplanar diffusion MRI 

provides superior contrast for evaluating soft tissue changes and subtle inflammatory processes, but may be less 

effective for bony assessment and involves more complex imaging protocols. A multimodal approach 

combining both CT and diffusion MRI is recommended for a comprehensive evaluation of CMED, integrating 

the strengths of each modality to enhance diagnosis and improve surgical outcomes. 

Keywords: Chronic Middle Ear Inflammatory Disorders, Non-Echoplanar Diffusion MRI, Computed 
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1. Introduction 

Chronic middle ear inflammatory 

disorders (CMED), including chronic otitis media 

(COM) and cholesteatoma, represent a significant 

clinical challenge due to their persistent nature and 

potential to cause substantial morbidity 
[1]

. These 

conditions are characterized by prolonged 

inflammation and infection of the middle ear, 

which can lead to progressive hearing loss, chronic 

discharge, and in severe cases, complications 

involving adjacent structures. Accurate diagnosis 

and effective management of CMED are crucial to 

prevent long-term complications and improve 

patient outcomes 
[2]

. 

Imaging plays a pivotal role in the 

assessment of CMED, aiding in the diagnosis, 

treatment planning, and monitoring of disease 

progression or resolution. Traditionally, computed 

tomography (CT) has been the gold standard for 

evaluating bony structures of the middle ear, 

providing detailed information about the extent of 

disease and its impact on surrounding anatomy 
[3]

. 

However, advances in magnetic resonance 

imaging (MRI), particularly non-echoplanar 

diffusion MRI, offer potential benefits in assessing 

soft tissue characteristics and identifying subtle 

inflammatory changes that may not be well 

visualized on CT 
[4]

. 

The aim of this narrative review is to 

systematically compare the utility of non-

echoplanar diffusion MRI versus CT in the 

evaluation of chronic middle ear inflammatory 

disorders. Specifically, this review seeks to assess 

how these imaging modalities differ in their 

diagnostic capabilities, their effectiveness in 

delineating disease extent, and their correlation 

with operative outcomes.  

2. Chronic Middle Ear Inflammatory 

Disorders 

 Definition and Classification 

Chronic middle ear inflammatory 

disorders (CMED) encompass a group of persistent 

inflammatory conditions affecting the middle ear, 

often leading to significant morbidity if not 

properly managed. These disorders are primarily 

characterized by ongoing inflammation, infection, 

or both, in the middle ear cavity, which can result 

in structural damage and functional impairment 
[5]

. 

1. Chronic Otitis Media (COM): 

o Definition: 

COM is a long-standing infection of the 

middle ear that persists for more than three months. 
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It is commonly associated with persistent otorrhea 

(ear discharge), hearing loss, and occasionally pain 
[6]

. 

o Subtypes: 

 Chronic Suppurative Otitis Media 

(CSOM): This subtype is 

characterized by persistent purulent 

discharge and can be associated with 

tympanic membrane perforation 
[7, 8]

. 

 Chronic Serous Otitis Media: In 

this form, the inflammation leads to 

the accumulation of non-infectious 

fluid in the middle ear without 

purulent discharge. 

2. Cholesteatoma: 

A cholesteatoma is an abnormal skin 

growth in the middle ear, which occurs due to the 

accumulation of skin cells and other debris. It often 

results from a chronic infection or prolonged 

eustachian tube dysfunction 
[9]

. 

o Types: 

 Congenital Cholesteatoma: 

Present at birth, it forms due to 

the developmental anomalies of 

the middle ear. 

 Acquired Cholesteatoma: 

Develops as a result of chronic 

ear infections or eustachian tube 

dysfunction leading to 

retraction of the tympanic 

membrane and subsequent 

growth of the cholesteatoma 
[10]

. 

2. Granulomatous Otitis Media: 

This condition is characterized by the 

formation of granulomas, or clusters of immune 

cells, in response to chronic inflammation or 

infection. It can occur as a result of systemic 

diseases such as tuberculosis or sarcoidosis 
[11]

. 

3. Middle Ear Effusion: 

Persistent fluid accumulation in the 

middle ear without signs of acute infection is 

termed middle ear effusion. This condition often 

follows acute otitis media or results from 

eustachian tube dysfunction 
[12]

. 

 Pathophysiology 

The pathophysiology of chronic middle 

ear inflammatory disorders involves a complex 

interplay of infectious, inflammatory, and structural 

factors that lead to persistent disease: 

1. Chronic Otitis Media (COM) 
[13, 14]

: 

o Eustachian Tube Dysfunction: 

The eustachian tube, which 

connects the middle ear to the 

nasopharynx, is essential for 

maintaining middle ear pressure 

and draining secretions. 

Dysfunction of this tube can lead 

to negative pressure in the middle 

ear, promoting infection and 

inflammation. 

o Microbial Infection: Pathogens 

such as bacteria (e.g., 

Pseudomonas aeruginosa, 

Streptococcus pneumoniae) or 

viruses can establish chronic 

infections in the middle ear, 

causing persistent inflammation 

and tissue damage. 

o Immune Response: The body's 

immune response to chronic 

infection involves the recruitment 

of inflammatory cells and the 

release of cytokines, which can 

further damage middle ear 

structures and contribute to the 

chronic nature of the disease. 

2.Cholesteatoma: 

o Retraction or Perforation of 

the Tympanic Membrane: 

Cholesteatoma often develops 

when the tympanic membrane is 

retracted or perforated, leading to 

the formation of a sac-like 

structure where skin cells and 

debris accumulate. 

o Inflammatory Response: The 

trapped debris and skin cells can 

elicit a chronic inflammatory 

response, leading to the erosion 

of surrounding bony structures 

and the development of 

complications such as mastoiditis 

or meningitis 
[15]

. 

2. Granulomatous Otitis Media: 

o Systemic Diseases: Conditions 

like tuberculosis or sarcoidosis 

can lead to the formation of 

granulomas in the middle ear as 

part of a systemic inflammatory 

response. These granulomas can 

cause localized tissue damage 
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and contribute to chronic 

inflammation 
[16]

.  

3. Middle Ear Effusion: 

o Impaired Fluid Drainage: 

Persistent fluid accumulation 

often results from impaired 

drainage of the middle ear due to 

eustachian tube dysfunction or 

obstruction. This fluid can 

become a medium for bacterial 

growth and chronic inflammation 
[14]

. 

3. Imaging Techniques 

 CT Imaging 

Principles 

Computed tomography (CT) imaging 

employs X-ray technology to produce cross-

sectional images of the body. During a CT scan, an 

X-ray tube rotates around the patient, capturing 

multiple images from different angles. These 

images are then processed by a computer to create 

detailed, three-dimensional representations of 

internal structures. CT imaging is particularly 

valuable in evaluating chronic middle ear 

inflammatory disorders (CMED) because of its 

ability to provide clear visualization of bony 

structures and air-filled cavities. This makes it ideal 

for assessing the extent of bony erosion, tympanic 

membrane changes, and any associated 

complications such as mastoiditis 
[17]

. 

Strengths and Limitations 

CT imaging offers several strengths in the 

evaluation of CMED. Its high spatial resolution 

allows for detailed imaging of the middle ear and 

surrounding structures, which is crucial for 

identifying bony erosion associated with chronic 

otitis media or cholesteatoma. Additionally, CT 

scans are relatively quick and widely available, 

making them a practical choice for initial 

assessment 
[18]

. 

However, CT imaging has limitations. 

One significant drawback is its reliance on ionizing 

radiation, which poses potential risks, especially in 

pediatric populations or patients requiring multiple 

scans. Additionally, while CT excels at visualizing 

bony structures, it is less effective at assessing soft 

tissue details compared to MRI. This limitation can 

be particularly relevant when evaluating 

inflammatory changes or differentiating between 

types of soft tissue abnormalities in CMED 
[19]

. 

4. Non-Echoplanar Diffusion MRI 

Principles 

Non-echoplanar diffusion MRI is an 

advanced imaging technique that focuses on the 

diffusion of water molecules within tissues. Unlike 

traditional MRI, which uses gradient echo or spin 

echo sequences, non-echoplanar diffusion MRI 

employs diffusion-weighted imaging (DWI) 

sequences to assess the movement of water 

molecules. This method is particularly sensitive to 

changes in tissue microstructure, which can be 

beneficial for detecting subtle inflammatory 

changes and differentiating between various types 

of soft tissue pathology. In the context of CMED, 

non-echoplanar diffusion MRI can provide 

enhanced contrast between inflamed and non-

inflamed tissues, aiding in the accurate assessment 

of middle ear conditions 
[20]

. 

Strengths and Limitations 

Non-echoplanar diffusion MRI offers 

several advantages in the evaluation of CMED. Its 

ability to differentiate between different types of 

soft tissue and detect subtle changes in tissue 

composition makes it valuable for identifying early 

or subtle inflammatory processes that may not be 

apparent on CT. This improved contrast resolution 

can aid in distinguishing between different types of 

CMED and assessing the extent of disease more 

precisely 
[21]

. 

However, non-echoplanar diffusion MRI 

also has limitations. One challenge is its relative 

complexity and longer scan times compared to CT, 

which can be less convenient for patients and may 

require more advanced imaging protocols. 

Additionally, while diffusion MRI is excellent for 

soft tissue contrast, it may be less effective in 

assessing bony structures and may require 

complementary imaging techniques for a 

comprehensive evaluation of CMED. Furthermore, 

the availability of non-echoplanar diffusion MRI 

may be limited in some settings, potentially 

affecting its widespread use 
[22]

. 

5. Comparative Analysis 

 Image Quality and Diagnostic Accuracy 

CT Imaging 

CT imaging is renowned for its high 

spatial resolution, which is crucial for evaluating 

the detailed anatomy of the middle ear and 

surrounding structures. Its ability to clearly depict 

bony abnormalities, such as erosion of the temporal 

bone or mastoid air cells, makes it particularly 

effective in diagnosing conditions like 

cholesteatoma and assessing the extent of chronic 

otitis media. Studies have shown that CT can 
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accurately identify the presence of bony erosion 

and other structural changes associated with 

CMED, which can be crucial for surgical planning 
[18]

. 

However, CT imaging is less effective at 

visualizing soft tissue details compared to MRI. 

For instance, differentiating between inflammatory 

tissue and other soft tissue abnormalities can be 

challenging on CT alone. This limitation can affect 

the overall diagnostic accuracy, especially in cases 

where soft tissue involvement plays a significant 

role 
[23]

. 

Non-Echoplanar Diffusion MRI 

Non-echoplanar diffusion MRI provides 

superior soft tissue contrast, allowing for the 

detection of subtle inflammatory changes and 

differentiation between different types of soft 

tissue. This high contrast resolution can be 

particularly beneficial for evaluating the extent of 

inflammation or assessing conditions like 

granulomatous otitis media or early-stage 

cholesteatoma. The ability to visualize tissue 

microstructure and detect subtle changes in water 

diffusion patterns enhances diagnostic accuracy in 

identifying and characterizing CMED 
[21]

. 

Despite these advantages, non-echoplanar 

diffusion MRI is not without its challenges. The 

technique may struggle with bony structures, 

making it less effective in assessing bone erosion 

or other skeletal changes associated with CMED. 

Additionally, the complexity of the imaging 

protocol and longer scan times can limit its 

practicality in some clinical settings 
[24]

. 

6. Operative Outcome Correlation 

CT Imaging 

Several studies have highlighted the 

correlation between CT imaging findings and 

surgical outcomes in CMED. For example, CT 

scans are often used to plan surgical interventions 

by delineating the extent of bony erosion and 

identifying potential complications such as 

mastoiditis. Research has shown that accurate 

preoperative CT imaging can help predict the 

difficulty of surgery, the need for additional 

procedures, and potential postoperative 

complications. For instance, a study found that 

detailed CT imaging of the temporal bone was 

associated with better surgical outcomes in patients 

with chronic otitis media, as it allowed for precise 

surgical planning and reduced the risk of 

complications 
[25-27]

. Figure 1 

However, the limitations of CT in 

visualizing soft tissue can impact its correlation 

with operative outcomes. In cases where soft tissue 

pathology is predominant, relying solely on CT 

may not fully capture the extent of the disease, 

potentially affecting surgical decisions and 

outcomes 
[28]

. 

 
Fig. (1) Axial CT-image of a right ear: (a) 

condensation of the lateral attic with slight mass 

effect on the incudomalleal chain (arrows), (b) 

atticoantral condensation with a prominent mass 

effect on the incudomalleal chain (white arrows), 

and advanced lysis of the incus (black arrow) 
[29]

. 

 Non-Echoplanar Diffusion MRI  

Non-echoplanar diffusion MRI has shown 

promise in correlating imaging findings with 

surgical outcomes, particularly in the assessment of 

soft tissue involvement. Studies have demonstrated 

that diffusion MRI can provide detailed 

information about the extent of inflammation and 

tissue characteristics, which can be valuable for 

surgical planning and predicting postoperative 

recovery. For instance, a study found that non-

echoplanar diffusion MRI improved the accuracy 

of preoperative assessments in patients with 

cholesteatoma, leading to more targeted surgical 

interventions and better outcomes 
[30]

. Figure 2 

Nonetheless, the effectiveness of non-

echoplanar diffusion MRI in predicting surgical 

outcomes may be limited by its lesser ability to 

assess bony structures. In complex cases where 

both bony and soft tissue pathology are present, a 

multimodal imaging approach that combines MRI 

with CT may be necessary to achieve a 

comprehensive understanding of the disease and its 

implications for surgery 
[21]

. 
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Figure (2): High b value non-EPI diffusion-

weighted image (b = 800 sec/mm2) shows 

increased hyperintensity of the cholesteatoma 

(arrows). An equivalent EPI diffusion-weighted 

image (b = 1000 sec/mm2), a large proportion of 

the lesion is obscured by susceptibility artifacts 

and its delineation is poorer 
[31]

. 

7. Clinical Implications 

 Guidelines for Practice 

Based on the comparison of CT and non-

echoplanar diffusion MRI for evaluating chronic 

middle ear inflammatory disorders (CMED), the 

choice of imaging modality should be guided by 

the specific clinical requirements and 

characteristics of the disorder. 

1. When to Prefer CT Imaging: 

o Bone-Related Pathology: CT 

imaging is highly effective for 

visualizing bony structures and 

assessing the extent of bone 

erosion or destruction associated 

with conditions like 

cholesteatoma or chronic otitis 

media. It is particularly useful in 

cases where the evaluation of the 

temporal bone and mastoid air 

cells is crucial for surgical 

planning. 

o Initial Assessment: CT is often 

preferred for initial diagnosis due 

to its availability, speed, and 

ability to provide clear images of 

bone structures. It can quickly 

identify the presence of 

significant bony abnormalities 

and guide subsequent 

management strategies 
[18]

. 

2. When to Prefer Non-Echoplanar 

Diffusion MRI: 

o Soft Tissue Evaluation: For 

detailed assessment of soft tissue 

changes, non-echoplanar 

diffusion MRI offers superior 

contrast resolution compared to 

CT. It is particularly useful for 

evaluating the extent of 

inflammation, differentiating 

between various types of soft 

tissue pathology, and assessing 

conditions such as granulomatous 

otitis media or early-stage 

cholesteatoma. 

o Preoperative Planning: In 

complex cases where soft tissue 

involvement is significant, 

diffusion MRI can provide 

valuable information that 

complements CT findings. This 

combined approach can enhance 

preoperative planning by offering 

a more comprehensive view of 

both bony and soft tissue 

structures. 

In clinical practice, a multimodal imaging 

approach that incorporates both CT and non-

echoplanar diffusion MRI may offer the most 

comprehensive assessment for CMED. Integrating 

these techniques can leverage the strengths of each 

modality, providing a thorough evaluation of both 

bony and soft tissue components of the disorder 
[32]

. 

 Future Directions 

Future research should focus on several 

key areas to further enhance the imaging and 

management of CMED: 

1. Integration of Advanced Imaging 

Techniques: Exploring the integration of 

non-echoplanar diffusion MRI with other 
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advanced imaging modalities, such as 

functional MRI or positron emission 

tomography (PET), could provide 

additional insights into disease 

mechanisms and treatment responses. 

2. Development of New Imaging Protocols: 

Research into optimizing imaging 

protocols, such as reducing scan times and 

improving resolution, could enhance the 

utility of non-echoplanar diffusion MRI in 

clinical settings. This includes developing 

faster acquisition techniques and better 

contrast agents tailored for CMED. 

3. Longitudinal Studies: Conducting 

longitudinal studies to assess how imaging 

findings correlate with long-term 

outcomes and disease progression could 

provide valuable data for refining imaging 

protocols and improving patient 

management strategies. 

4. Comparative Effectiveness Research: 

Further studies comparing the 

effectiveness of different imaging 

modalities in diverse patient populations 

and disease stages will help establish more 

precise guidelines for clinical practice. 

8. Conclusion 

The comparison of CT and non-

echoplanar diffusion MRI in the evaluation of 

chronic middle ear inflammatory disorders reveals 

distinct strengths and limitations for each modality. 

CT imaging excels in visualizing bony structures 

and is effective for initial diagnosis and surgical 

planning. However, it has limitations in assessing 

soft tissue details. On the other hand, non-

echoplanar diffusion MRI offers superior contrast 

for soft tissue evaluation and can detect subtle 

inflammatory changes but may be less effective for 

bony structures and involves more complex 

imaging protocols. 

9. Final Recommendations 

For comprehensive evaluation and 

management of CMED, a multimodal imaging 

approach that combines both CT and non-

echoplanar diffusion MRI is recommended. CT 

should be used for detailed assessment of bony 

structures and initial diagnosis, while non-

echoplanar diffusion MRI should be employed for 

in-depth evaluation of soft tissue changes and 

preoperative planning in complex cases. Future 

advancements in imaging techniques and protocols 

will further enhance the ability to accurately 

diagnose and manage CMED, ultimately improving 

patient outcomes. 
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