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Social and economic boom in modern times have changed people’s lifestyle and population 
mobility. As a result, human subsistence and socio-economic development are increasingly 
affected by infectious and inflammatory diseases. The document issued by the National Health 
Commission stresses that all the hospitals at level II and above need to set up an infectious 
diseases department and an infection control office, to attach the greatest importance to the 
hazards of infectious diseases on human health. During the past 30 years, the development of 
medical imaging diagnosis and treatment technologies has greatly boosted the improvement 
on diagnosis and treatment modes in modern times. Since the modern medicine is highly 
dependent on medical imaging technologies, the medical imaging is granted an important mis-
sion in diagnosis and differential diagnosis of infection and inflammatory diseases.

During long-term clinical practices and scientific researches, my team and I realized that 
due to the neglect and lack of construction for key discipline system of infection and inflam-
matory diseases as well as researches on related theory system and specification guidance, the 
quality and effectiveness of the diagnosis and treatment provided for patients have been seri-
ously affected, resulting in the abuse of clinical antibiotics, thus compromising patients’ health 
and quality of life and increasing the economic burden on family and society. Based on the 
above considerations, the Book gathers a number of experts and scholars from the Infectious 
Diseases Group of the Chinese Society of Radiology, Infection Imaging Professional 
Committee of the Chinese Medical Doctor Association Radiological Branch, Professional 
Committee on Radiology of Infection and Inflammation of the Chinese Research Hospital 
Association, Working Committee on Infection (Infectious Disease) Imaging of Chinese 
Association of STD & AIDS Prevention and Control; Infectious Disease Imaging Group of 
Avocation of Infections Disease Hospital and Beijing Imaging Diagnosis and Treatment 
Technology Innovation Alliance. Clinical resources associated with infection and inflamma-
tory diseases across the nation are integrated and the imaging characteristics and evolution 
rules of infection and inflammatory disease are summarized herein. Meanwhile, this book has 
revealed the pathological basis of infections and inflammatory diseases and put forward the 
essential points of imaging diagnosis and differential diagnosis of infectious and inflammatory 
diseases. I believe that the series of books will boost the academic development on prevention 
and control, rational drug use, and radiological diagnosis for infections and inflammatory dis-
eases, thereby helping deliver accurate diagnosis and treatment in clinic.

This series of books systematically introduces the theory of the radiology of infection and 
inflammation for the first time. The books are divided into six volumes (Brain and Spinal cord, 
Head and Neck, Heart and Chest, Abdomen and Pelvis, Skeletal Muscle, and Children). It cov-
ers four types of pathogens related to infectious diseases (bacteria, fungi, viruses, parasites) 
and inflammatory diseases such as autoimmune diseases.

The set of books is characterized in that: (1) it provides clinically-relevant data for a wide 
array of diseases ranging from clinically common and frequently occurring diseases to rare 
infectious and inflammatory diseases; (2) it provides complete data and objective basis of 
diagnosis, with a focus on the integrity, representativeness, consistency, and authenticity of 
cases, images and graphics therein; (3) the editors, by virtue of their accumulated clinical 
experience and practice, contribute most of the data, and some materials adopted herein have 
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been authorized by international peers. By absorbing and quoting the latest research results at 
home and abroad, this series of books bring readers a refreshing feel both in compilation form 
and contents.

To ensure the smooth publication of the books, we established an advisory committee and 
an expert committee, spending over 1 year to accomplish the compilation from outline design-
ing to draft finalizing, while seeking for scientific design and systematic demonstration. The 
English version will be published simultaneously with the Chinese version by the publisher 
Springer. The editorial board put a high premium on the compilation of this series and trained 
members of the editorial board on standardized writing, professional review, and finalization 
of drafts for several times. In the meantime, the editorial board also assigned specific personnel 
to engage in the review, revision, and supplement. As the editor-in-chief, I would like to express 
my cordial thanks for their unremitting efforts. Unfeigned gratitude is also extended to the 
members of the National Infectious Disease Imaging Group who devoted themselves to the 
compilation of this book.

Facing the severe situation of prevention and treatment of infections and inflammatory dis-
eases, this series of monographs will serve as another powerful tool fighting against infections 
and inflammatory diseases and play an essential role in raising the physicians’ level of diagno-
sis and treatment, improving patients’ quality of life and prolonging their lives.

Amidst scientific development, we have gained deeper insight gradually. For this reason, 
errors are also inevitable, so we sincerely welcome your criticisms and suggestions that can 
refine the book step by step.

Beijing, China Hongjun Li   
November 2019
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Over the past several decades, the challenge posed by infectious and inflammatory diseases has 
been alleviated, the incidence and mortality thereof, however, cannot be overstated. Head and 
neck, where the anatomical structures are complicated with essential physiological functions, 
must be diagnosed and treated as early as possible in case of any disease involved, otherwise 
grave consequence ensues. As medical imaging techniques flourish, they have become increas-
ingly crucial to the early diagnosis of many infectious and inflammatory diseases. In line with 
requirements of Healthy China 2030 Strategy, we compiled the Radiology of Infection and 
Inflammation: Head and Neck, which provides references on disease diagnosis and treatment 
for clinicians and radiologists as well as theoretical supports for teaching activities, with a 
view to helping medical workers meet their development goals in the new era.

The book was co-edited by experts who have long engaged in clinical forefront and excel in 
diagnosis and treatment of head and neck infectious and inflammatory diseases with contribu-
tions to scientific research and rich teaching experience. Besides, some outstanding young 
physicians also participated in the compilation, infusing new blood into the book. The editors 
seek to provide a valuable reference book on head and neck infectious and inflammatory dis-
eases for our readers by reviewing a large number of the latest domestic and foreign literature 
and aligning theory with experience.

The book consists of a basic theory and monographs. The basic theory makes an outline of 
the book, systematically introducing the overview, classification, and laboratory diagnostic 
techniques and methods of head and neck infectious and inflammatory diseases. It enables 
readers to gain a preliminary insight into the status quo of these diseases and latest laboratory 
test techniques thereof, so that they can combine imaging findings with clinical practices. The 
monographs introduce the imaging techniques and imaging anatomy for various sites of the 
head and neck, making readers fully understand normal findings of imaging examination. 
Following the monographs, the book introduces relevant diseases corresponding to each site. 
To make readers thoroughly understand the cause of abnormal imaging findings, each chapter 
covers clinical, pathological, and imaging findings, key points of diagnosis and differential 
diagnosis, thus enabling readers to gain systemic and overall understanding of the diseases, 
with proper diagnostic thought and sufficient capability to differential diagnosis. On top of 
that, status quo and research progress of each disease are included, providing guidance on 
scientific research, treatment, and prognosis evaluation. The book illustrates head and neck 
inflammatory diseases with abundant pictures, and it is characterized by being clearly struc-
tured with a combination of textual and graphical data in a concise, easy-to-understand lan-
guage for convenient reference. We are committed to building the book into a novel and 
practical guideline on infection and inflammation for readers based on prudent attitude, strict 
requirements, and rigorous methods.
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Finally, we would like to express our heartfelt thanks to the editors and sincere respect to 
predecessors in the field. Restricted by the time and editors’ expertise, there may be impropri-
eties and errors in the book. We sincerely welcome any suggestion or correction that can refine 
the book.

Tianjin, China Shuang Xia   
February 2020
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The book consists of a basic theory and monographs. The basic theory provides overview, clas-
sification and laboratory diagnostic techniques and methods for infectious and inflammatory 
diseases of neck and head, while monographs detail imaging techniques, imaging anatomy and 
relevant diseases of various parts of neck and head. Clinical, pathological, and imaging find-
ings, key points of diagnosis, differential diagnosis, and status quo and research progress of 
each disease are included, thus enabling readers to gain systemic and overall insight into the 
diseases, with proper diagnostic thought and sufficient capability to differential diagnosis. The 
book stands out among other similar books for being clearly structured with a mix of textual 
and graphical data in a concise, easy-to-understand language for convenient reference.

It aims to provide guidance and reference for imaging physicians, medical students, otolar-
yngology and head and neck surgeons, and related professionals.

Introduction
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Conventional Imaging Techniques

Yu Wang, Huanlei Zhang, and Shuang Xia

Imaging techniques for infectious and inflammatory diseases 
of neck and head mainly involve X-ray, computed tomogra-
phy (CT), magnetic resonance imaging (MRI) and digital 
subtraction angiography (DSA).

1.1  X-Ray Imaging Techniques

Orbit: To understand the changes in orbital morphology and 
orbital bone, as well as calcification and radiopaque foreign 
bodies.

Temporal bone: To observe implanted artificial cochlea.
Paranasal sinus: To understand paranasal sinus morphol-

ogy and changes in nasal bone and maxilla.
Oral and maxillofacial region: To observe dental and peri-

odontal lesions, and lesions in jaw bone and temporal- 
mandibular joint.

Throat: X-ray examination relies only on changes in the 
contour of air in throat cavity and morphology of the cavity 
surface to observe abnormity in nasopharynx roof wall, pos-
terior pharyngeal wall, soft palate, epiglottic cartilage, laryn-
geal vestibule, vocal area, subglottic portion, and lower 
posterior pharyngeal wall.

Neck: Rarely use X-ray examination.

1.2  CT Scan Techniques

1.2.1  Orbit

The size, location and structure of eyeball and intraorbital 
lesions, especially subtle bone changes, can accurately 
reflect direct or indirect signs of orbital fracture. Besides, 
relationship between mass and adjacent blood vessels and 
the extent of inflammation can be evaluated by location of 
foreign body.

1.2.1.1  Basic Acquisition Technique
Scanning baseline: Reid’s base line (RBL) is taken as the 
baseline of transverse plane, spanning from supraorbital bor-
der to infraorbital border, covering the entire orbit. Coronal 
plane can better show the orbital roof, orbital floor, orbital 
apex and superior and inferior rectus muscles than transverse 
plane and clearly indicates the relations between optic nerve 
and extraocular muscle.

Field of view (FOV) is between 14  cm  ×  14  cm and 
16  cm  ×  16  cm. Matrix is not smaller than 512  ×  512. 
Reconstruction of bone algorithm and soft tissue algorithm. 
Bone window: window width: 3000–4000  HU, window 
level: 500–700  HU; Soft tissue window: Window width: 
300–400 HU, window level: 40–50 HU. Voltage ≥ 120 kV, 
current ≥ 200 mA (adjust according to body weight, age, and 
other factors). Acquisition slice thickness ≤ 1.25 mm, and 
pitch ≤ 1.

1.2.1.2  Image Reconstruction 
and Post-Processing

Non-enhanced CT scan is a conventional method for eye 
CT examination. When the lesions need to be observed 
from different angles, post-processing techniques such as 
multiple planar reformation (MPR) and 3D reconstruction 
are needed [1, 2].
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When performing reconstruction of conventional bone 
algorithm and soft tissue algorithm, the reconstruction 
slice thickness of the source image is equal to the acqui-
sition slice thickness, and the slice increment is less than 
50% of the acquisition slice thickness. Reconstruction 
parameters are selected as required (images with a 
smaller slice thickness can be reconstructed in case of 
any suspicion). MPR imaging is recommended in most 
cases. Coronal plane and sagittal plane are commonly 
used for reconstruction. Besides, oblique sagittal plane is 
also an option as required. Bone changes are mainly 
observed by bone algorithm images, while other lesions 
by soft tissue algorithm images. Post- processing meth-
ods, including maximal intensity projection (MIP) and 
shaded surface display (SSD) imaging, can be selected as 
demanded.

1.2.1.3  Enhanced Scan
It is mainly used for soft tissue lesions through soft tissue 
algorithm reconstruction, and can raise the density differ-
ence between normal tissue and lesion tissue, thus provid-
ing better qualitative diagnosis for the lesion and showing 
extraocular involvement. Refer to Guidelines for the Use 
of Iodine Contrast Agents (Edition 2) [3] for the applica-
tion of contrast agents. The injection rate of contrast agent 
is 2.0–3.0 ml/s, and the dose for adults is 60.0–100.0 ml 
(the dose for children is 1.0–1.5  ml/kg). The injection 
dose must not exceed what is allowed in the product man-
ual, with delay time depending on the lesion and the 
equipment.

1.2.1.4  Privileged Sites: Optic Canal
For optic canal fracture or optic nerve tumor.

 1. Transverse Plane: Connecting line between apex of nasal 
bone and superior border of posterior clinoid process is 
taken as the baseline, spanning from superior wall and 
inferior wall of optic canal. Bone window is used.

 2. Coronal Plane: The baseline is taken as perpendicular to 
the RBL, spanning from orbital apex to anterior clinoid 
process.

 3. Double Oblique Sagittal Plane: The baseline is taken as 
being parallel to the long axis of optic canal, including 
medial and lateral wall of optic canal. Bone window is 
used.

1.2.2  Temporal Bone

Show the changes in bony structures, such as external audi-
tory canal, middle ear and inner ear, as well as the extent of 
lesions and involved bony structures.

The temporal bone is mainly composed of complex, sub-
tle bony structures and gases, which is suitable for high- 
resolution CT imaging [4, 5].

1.2.2.1  Basic Acquisition Technique
Supraorbitomeatal line (SML) is taken as the baseline for 
transverse plane scanning.

FOV is between 14 cm × 14 cm and 18 cm × 18 cm. 
Matrix is not smaller than 512 × 512. Reconstruction of 
bone algorithm and soft tissue algorithm. Bone window: 
window width: 3000–4000  HU, window level: 500–
700 HU; As for soft tissues such as ligament, tendon, and 
tympanic membrane and stapes, window width is 3000–
4000  HU, and window level is not greater than 
200 HU. Soft tissue window: Window width: 300–400 HU, 
window level: 40–50  HU.  Voltage  ≥  140  kV, cur-
rent ≥  300  mA.  The minimum slice thickness of multi-
row CT is selected as the slice thickness, which is not 
greater than 0.75 mm, with pitch less than 1 (The smaller 
the pitch, the higher the image quality. Pitch of 0.5 is rec-
ommended). The scanning baseline should keep away 
from crystalline lens.

1.2.2.2  Image Reconstruction 
and Post-Processing

 1. MPR: the most common technique for clinical image 
post-processing. It can be used to obtain coronal plane 
and sagittal plane images in the imaging diagnosis of the 
aural region. If a transverse plane image is bilaterally 
asymmetric, it can be adjusted to bilaterally symmetric 
via MPR (Fig. 1.1a).

 2. Curved Planar Reformation (CPR): The curved surface of 
curves drawn through the region of interest can be 
expanded into a plane. In the aural region, it can show 
labyrinthine segment, tympanic cavity segment and mas-
toid process segment of facial nerve canal in one plane. It 
is worthy of mention that CPR may occasionally fail to 
truly reflect the spatial relationships of anatomical 
structures.

 3. MIP: It can display the morphology of the ossicle. When 
compared with MPR, thin slice MIP delivers a higher 
definition in the display of incudomalleolar joint level 
(Fig. 1.1b).

 4. Volume Rendering (VR): To show the general shape of 
temporal bone. VR is similar to SSD in the display of 
ossicular chain, which can clearly show the morphology 
of malleus and incus. It is, however, not as good as MPR 
in terms of displaying the stapes. As for labyrinth of inner 
ear, the voxel displayed by VR includes endolymph and 
perilymph. For this reason, VR shows the morphology of 
bony labyrinth rather than membranous labyrinth 
(Fig. 1.2).

Y. Wang et al.
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 5. CT Virtual Endoscopy (CTVE): It can be used to observe 
from the external auditory canal, middle ear cavity, ossi-
cle, and fundus meatus acustici interni (Fig. 1.3).

1.2.3  Paranasal Sinus

CT is commonly used to show the subtle bony structures of 
paranasal sinus, manifestations of various diseases and rela-
tionships with adjacent anatomical structures.

1.2.3.1  Basic Acquisition Technique
RBL is taken as the baseline for transverse plane scanning, 
spanning from hard palate to frontal sinus superior border 
(Fig. 1.4a); Coronal plane reconstruction: Perpendicular to 
RBL, spanning from frontal sinus anterior border to cervical 
vertebra anterior border or sphenoid sinus posterior border 
(Fig.  1.4b). Scanning can be properly expanded in range 
based on specific situation [6].

a b

Fig. 1.1 Temporal bone image reconstruction and post-processing. (a) MPR showing stapes; (b) MIP showing ossicle

a b

Fig. 1.2 Temporal bone VR technique. (a) VR showing ossicle; (b) VR showing labyrinth of the inner ear; 1. Incus; 2. Malleus; 3. Semicircular 
canal; 4. Cochlea

Fig. 1.3 CTVE showing ossicle. 1. Manubrium mallei; 2. Collum mal-
lei; 3. Long crus of incus

1 Conventional Imaging Techniques
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FOV is between 14  cm  ×  14  cm and 16  cm  ×  16  cm. 
Matrix is not smaller than 512 × 512. Reconstruction of bone 
algorithm and/or soft tissue algorithm-bone window: win-
dow width: 2000–4000  HU, window level: 500–700  HU; 
Soft tissue window: Window width: 300–400 HU, window 
level: 40–50 HU. Voltage ≥ 120 kV, current ≥ 200 mA. Slice 
thickness ≤ 1.25 mm, and pitch ≤ 1.5 (such as 0.7–1.0) [2].

1.2.3.2  Image Reconstruction 
and Post-Processing

Standard algorithm or bone algorithm reconstruction. 
Reconstruction of bone algorithm and soft tissue algorithm 
can be employed while observing soft tissue, so as to observe 
whether the paranasal sinus bone is damaged. CT imaging 
for paranasal sinus mainly uses bone algorithm and may 
need sagittal plane reconstruction occasionally. 3D image 
reconstruction and post-processing are carried out based on 
clinical demands, including maximal intensity projection, 
shaded surface display reconstruction and virtual reality [7].

1.2.3.3  Enhanced Scan
Generally, enhanced scan is necessary for differential diag-
nosis of soft tissue lesions. Besides, enhanced scan can be 
used to figure out the extent of intracranial tumor involve-
ment or blood supply of lesion in case of any bone destruc-
tion at skull base. Automatic syringe and nonionic iodinated 
contrast agent, with a total volume of 50.0–70.0  ml at an 
injection speed of 2.0–3.0  ml/s, are recommended. The 
delayed scanning time is a function of the lesion condition. 

As for regular vascular lesions, scanning starts 20  s later 
since the injection of contrast agent; as for infectious and 
inflammatory lesions, scanning starts 40  s later since the 
injection of contrast agent [8].

1.2.4  Pharynx

Pharynx CT examination is essential for determining the 
position and extent of the lesion, its relationship with impor-
tant peripheral anatomical structures, and any lymph node 
metastasis that occurred [4, 9–11].

1.2.4.1  Basic Acquisition Technique
RBL is taken as the baseline for transverse plane scanning, 
during which the patient needs to perform eupnea or breath- 
holding without swallowing.

FOV is between 14  cm  ×  14  cm and 16  cm  ×  16  cm. 
Matrix is not smaller than 512 × 512. Soft tissue window: 
Window width: 300–400 HU, window level: 40–50 HU. Bone 
window: Window width:2000–4000  HU, Window level: 
200–700  HU.  Voltage  ≥  120  kV, current  ≥  200  mA; 
Acquisition slice thickness and pitch are not greater than 
0.75 mm and 1.0 mm respectively.

1.2.4.2  Image Reconstruction 
and Post-Processing

Reconstruction slice thickness of source image is equal to 
acquisition slice thickness. Slice increment is less than 50% 

a b

Fig. 1.4 Paranasal sinus scanning image. (a) Scanning for paranasal sinus at transverse plane; (b) Reconstruction of paranasal sinus at coronal 
plane

Y. Wang et al.
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of acquisition slice thickness. 3D image reconstruction and 
post-processing, including MIP, SSD, and virtual endoscopy, 
are employed based on clinical needs.

1.2.4.3  Enhanced Scan
The contrast agent is injected at a flow rate of 2.0 ~ 3.0 ml/s, 
with a total volume of 80.0 ~ 100.0 ml. The delayed scanning 
time depends on actual conditions of the disease and equip-
ment; Soft tissue algorithm reconstruction.

1.2.5  Larynx

1.2.5.1  Basic Acquisition Technique
RBL is taken as the baseline for transverse plane scanning, 
during which swallowing and coughing should be avoided. 
The scanning ranges from superior portion of hyoid bone to 
inferior portion of cricoid cartilage. The scanning direction 
should be parallel to the true vocal cord or false vocal cord. 
Continuous phonation of “Yi” can better display larynx 
structures such as posterior pharyngeal wall, aryepiglottic 
fold, piriform recess, and vocal cord.

FOV is between 14  cm  ×  14  cm and 16  cm  ×  16  cm. 
Matrix is not smaller than 512 × 512. Soft tissue window: 
Window width: 300–400 HU, window level: 40–50 HU. Bone 
window: Window width:2000–4000  HU, Window level: 
200–700  HU.  Voltage  ≥  120  kV, current  ≥  200  mA; 
Acquisition slice thickness and pitch are not greater than 
0.75 mm and 1.0 mm, respectively. Soft tissue algorithm is 
employed with the minimum slice thickness without recon-
struction increment [9].

1.2.5.2  Image Reconstruction 
and Post-Processing

Coronal plane reconstruction baseline is parallel to the longi-
tudinal diameter of cervical vertebra at sagittal plane, while 

sagittal plane reconstruction is parallel to larynx cavity air-
way at coronal plane.

1.2.5.3  Enhanced Scan
In regular enhanced scan, iodinated contrast agent (dosage 
for adult: 60.0–80.0 ml; dosage for children: 2.0 ml/kg) is 
injected intravenously via a high-pressure injector. Injection 
rate is 2.5–3.0 ml/s [10], and the delayed scanning time is 
35–40 s.

Spiral computed tomography (SCT) can obtain 2D and 
3D reconstructed images with volume data without increas-
ing the patient’s exposure. Currently, MPR (Fig. 1.5), CTVE 
and virtual reality (Fig. 1.6) are commonly used in the clinic 
for image post-processing, which can obtain high-quality, 
high-resolution, multi-directional, and multi-angle stereo 
images. This facilitates the display and diagnosis of lesions.

1.2.6  Oral and Maxillofacial Region

Oral and maxillofacial region, characterized by diverse ana-
tomical structures and complicated positional relationship, 
mainly employs CT to detect the lesions therein at transverse 
plane, sagittal plane and coronal plane. The diseases of infra-
temporal fossa, pterygopalatine fossa, parotid gland, sub-
mandibular gland, nasopharynx, oropharynx, floor of mouth, 
and temporal-mandibular joint can be evaluated with CT in 
different directions. Position and extent of the lesion and the 
relationship with peripheral structures are evaluated.

1.2.6.1  Basic Acquisition Technique
RBL is taken as the baseline for transverse plane scanning.

FOV is between 14  cm  ×  14  cm and 16  cm  ×  16  cm. 
Matrix is not smaller than 512 × 512. Reconstruction of bone 
algorithm and/or soft tissue algorithm-bone window: win-
dow width: 2000–4000  HU, window level: 500–700  HU; 

a b c

Fig. 1.5 CT and reconstruction image of larynx at transverse plane. A 
58-year-old male patient, who was admitted to hospital due to larynx 
discomfort. Volume data larynx non-enhanced scan image (a) is 
acquired through larynx helical scan, and is subject to reconstruction 
and post-processing to obtain images at coronal plane (b) and sagittal 

plane (c), displaying accurately, clearly the position, morphology, and 
density of the vocal cord polyp, as well as its relationship with periph-
eral tissues in all directions. This delivers more effective images to 
clinical treatment

1 Conventional Imaging Techniques
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Soft tissue window: Window width: 300–400 HU, window 
level: 40–50  HU.  Voltage  ≥  120  kV, cur-
rent ≥ 200 mA. Acquisition slice thickness ≤ 1.25 mm, and 
pitch ≤ 1.0 (The smaller the pitch, the higher the image qual-
ity. Pitch of 0.5 is recommended).

1.2.6.2  Image Peconstruction 
and Post-Processing

Frankfort plane is taken as the baseline for transverse plane 
reconstruction. The reconstructed slice thickness is equal to 
the scan slice thickness, with slice increment less than 50% 
of the scan slice thickness. Bone algorithm reconstruction 
is used (If the patient needs to be observed for soft tissues 
in case of any tumor or tumor-like lesion, both bone algo-
rithm and soft tissue algorithm should be used for recon-
struction.). Let us take the temporal-mandibular joint as an 
example.

Image of required sections is acquired with MPR tech-
nique, or other section or curved planar reformation can be 
acquired as needed. The temporal-mandibular joint disc 
(window width: 1000  HU/200  HU) can be displayed by a 
reconstructed sagittal plane that passes through the middle 
point of medial-lateral diameter of condyloid process and is 
perpendicular to the long axis of the medial-lateral 
diameter.

 1. SSD: It can be used to obtain the 3D anatomical image of 
the entire temporal-mandibular joint, and the image can 
be rotated freely to obtain the overall impression of 
temporal- mandibular joint (Fig. 1.7).

 2. MPR: The method is to draw a line on a transverse plane 
CT image as required, and then reconstruct a series of 
transverse planes along the line to obtain a 2D recon-
structed image of the line plane, including coronal plane, 
sagittal plane and oblique plane images at any angle 
(Fig. 1.8).

 3. MIP: In the post-processing for images of certain struc-
ture with MIP, thin maximal intensity projection (MIP) is 
often employed to avoid excessive overlap of the struc-
ture (Fig. 1.9).

1.2.6.3  Enhanced Scan
It is recommended to perform MR enhanced scan, rather 
than CT enhanced scan, for lesions in soft tissue and articular 
disc. If MRI is not available or an enhanced CT scan is pre-
ferred, an automatic syringe and nonionic iodinated contrast 
agents, with a total volume of 80.0–100.0 ml at an injection 
rate of 2.0–3.0 ml/s, are recommended. The delayed scan-
ning time depends on actual conditions of the disease and 
equipment. Soft tissue algorithm is employed for 
reconstruction.

a b

Fig. 1.6 Enhanced CT and CT virtual endoscopy (CTVE) images of 
larynx at transverse plane. A 46-year-old male patient, who suffered 
with chronic onset and had previous history of malignant laryngeal neo-
plasm resection, was admitted to hospital 4 month later since relapse. 
(a) Enhanced CT scan of larynx arterial phase shows a nodule-like mass 

located to the right of cricothyroid membrane midline, with smooth 
margin; (b) CTVE indicates that the nodule is located to the right of 
cricothyroid membrane at infraglottic portion, with smooth surface. 
The display of the lesion is extremely clear. The postoperative pathol-
ogy shows inflammatory granuloma

Y. Wang et al.
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1.2.7  Neck

CT evaluates anatomical structures of the neck, as well as 
location and extent of cervical lesions, whereas CTA 
observes the vasculopathy or lesion-blood vessel 
relationship.

1.2.7.1  Basic Acquisition Technique
Scan spanning from thoracic inlet to angle of mandible [11].

FOV is between 10 cm × 10 cm and 14 cm × 14 cm. Matrix 
is not smaller than 512 × 512. Reconstructed slice thickness 

and increment are not greater than 5 mm. Regular soft tissue 
algorithm is employed. Window width: 250–350  HU, win-
dow level: 30–50 HU. If the lesion invades bone tissues, the 
bone algorithm needs to be added, with a window width of 
1000–1500 HU and a window level of 500–700 HU.

1.2.7.2  Image Reconstruction 
and Post-Processing

MPR, MIP, SSD, and VR are used for post-processing and 
multi-directional observation. As for lesions in cervical 
space, it is necessary to observe the tumor–blood vessel rela-
tionship and the extent to which inflammatory lesions involve 
peripheral structures. The reconstructed line of coronal plane 
is parallel to the longitudinal diameter of carotid artery at 
sagittal plane, and the reconstructed line of sagittal plane is 
parallel to the longitudinal diameter of carotid artery at coro-
nal plane. Maximal intensity projection can be used as nec-
essary to show the carotid artery images more directly. As for 
paravertebral tumors, despite tumor––carotid artery relation-
ship, it is also necessary to observe the tumor––cervical ver-
tebra relationship, in particular the relationships between the 
tumor and intervertebral foramen or vertebral canal. To show 
the relationships between the tumor and the above- mentioned 
structures, angle of the recombination line should be changed 
repeatedly. Besides, soft tissue and bone window should be 
selected under normal circumstances to achieve the optimum 
efficiency.

Fig. 1.7 SSD imaging of temporal-mandibular joint

Fig. 1.8 MPR image of temporal-mandibular joint (at sagittal plane)

Fig. 1.9 MIR image of temporal-mandibular joint (at sagittal plane)

1 Conventional Imaging Techniques
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1.2.7.3  Enhanced Scan
Enhanced scan is often needed for neck, to understand the 
extent of involvement, distinguish blood vessels from lymph 
nodes and identify location and nature of the mass. Dosage 
of contrast agent for adult is 60.0–80.0 ml; dosage for chil-
dren is 2.0  ml/kg. Injection rate is 2.5–3.0  ml/s, and the 
delayed scanning time is 30 s. If it is necessary to observe the 
tumor-artery relationship, the delayed scanning time is 
between 15 and 17 s.

1.2.8  Salivary Gland

CT has a high spatial resolution, thus can accurately display 
the relationship between salivary gland and peripheral tis-
sues. For this reason, it is the first choice for salivary gland 
diseases, especially calculus or inflammatory lesions.

1.2.8.1  Basic Acquisition Technique
RBL is taken as the baseline for transverse plane scanning, 
with scan range based on clinic demands. Three pairs of 
major salivary glands can be scanned from infraorbital bor-
der to hyoid bone. Slice thickness is 2.0 mm.

FOV is between 14  cm  ×  14  cm and 16  cm  ×  16  cm. 
Matrix is not smaller than 512 × 512. Soft tissue algorithm, 
soft tissue window: Window width: 200–450 HU, window 
level: 300–600 HU. If it is necessary to observe bone condi-
tions, the bone algorithm needs to be added. Bone window–
window width: 1500–2000  HU, window level: 300–600 
HU. Voltage ≥ 120 kV, current ≥ 200 mA. Acquisition slice 
thickness ≤ 1.25 mm, and pitch ≤ 1.0.

1.2.8.2  Image Reconstruction 
and Post-Processing

Line perpendicular to RBL is taken as the reconstructed 
baseline for coronal plane. Reconstructed baseline at sagittal 
plane is parallel to median sagittal plane, or other section or 
curved surfaces are reconstructed as necessary. Slice thick-
ness is not greater than 2 mm or adjusted according to clini-
cal conditions, and slice increment is not greater than the 
slice thickness.

1.2.8.3  Enhanced Scan
Enhanced CT examination can be used for most salivary 
gland lesions, such as calculus, inflammation, or infection. 
Dosage for adult is 80.0–100.0 ml (dosage for children is 
2.0  ml/kg). Injection rate is 2.0–3.0  ml/s. The delayed 
scanning time may depend on the lesion and equipment 
conditions. Having said that, 60 s delayed time is sufficient 
for the optimal tissue and vascular enhancement in most 
cases. Some institutes use separate bolus injection to fur-
ther refine the scanning parameters, with a delayed time of 
120 s. In venous phase, the image acquisition should span 

from Circle of Willis to aortic arch, while the residual 
parameters and image reconstruction are consistent with 
non-enhanced scan [12].

1.2.9  Skull Base

Different from conventional brain scan, scan of skull base 
requires two kinds of window images: soft tissue window 
that observes the normal structures of soft tissue and blood 
vessel and pathologic change therein, and bone window that 
observes anatomical structure and pathological changes of 
bones [13].

1.2.9.1  Basic Technique
Supraorbitomeatal line (SML) is taken as the baseline for 
transverse plane scanning. FOV is between 14 cm × 14 cm 
and 18 cm × 18 cm. Matrix is not smaller than 512 × 512. 
Reconstruction of bone algorithm and soft tissue algorithm. 
Bone window: window width: 3000–4000  HU, window 
level: 500–700  HU; Soft tissue window: Window width: 
300–400 HU, window level: 40–50 HU. Voltage ≥ 140 kV, 
current ≥ 300 mA. The minimum slice thickness of multi- 
row CT is selected as the slice thickness, which is not greater 
than 0.75 mm, with pitch less than 1 mm (The smaller the 
pitch, the higher the image quality. Pitch of 0.5 is recom-
mended). The scanning baseline should keep away from 
crystalline lens.

Reconstruction of images with different slice thicknesses. 
Soft tissue window prefers the slice thickness of 1.5  mm, 
which enhances, rather than reduces, the quality of post- 
processed images (such as coronal MPR), thus better helping 
identify soft tissue structures and analyze soft tissue lesions. 
Bone window prefers the slice thickness of 1 mm or submil-
limeter (such as 0.5 mm or 0.6 mm). This is because the thin-
ner slice thickness enables spatial resolution to better help 
analyze the osseous tissue structures and identify pathologic 
changes.

1.2.9.2  Image Reconstruction 
and Post-Processing

 1. MPR: the most common technique for clinical image 
post-processing. It can be used to obtain coronal plane 
and sagittal plane images in the imaging diagnosis of 
aural region. If a transverse plane image is bilaterally 
asymmetric, it can be adjusted to bilaterally symmetric 
via MPR.

 2. As for 3D display of skull base bone with VR, it is neces-
sary to use soft tissue algorithm to reconstruct a group of 
images, of which the VR images are smooth with a higher 
quality. This mainly aims to observe changes in overall 
morphology rather than changes in internal structures of 
bones.

Y. Wang et al.
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1.2.9.3  Enhanced Scan
CT scan for skull base diseases (except trauma) often require 
enhanced scan. This is crucial to confirm the size and loca-
tion of lesions and the extent of involvement. To observe 
whether the lesion is enhanced or not, and whether the 
enhancement is homogeneous or heterogeneous, as well as 
the enhancement degree is vital to determine the disease 
nature. Proper injection rate & total dosage of contrast agent 
and delayed time hold the key to observe vascular changes. 
Low-dosage test and threshold activation are recommended 
to ensure sufficient plasma concentration in blood vessels.

1.3  MRI Scanning Technique

MRI, which is free of radiation and provides high resolution 
for soft tissue, scans from axial, coronal, sagittal and oblique 
views to deliver multi-directional, multi-sequencing images. 
Magnetic resonance angiography (MRA) can also be per-
formed to understand lesion–blood vessel relationship, and 
MR perfusion weighted imaging (PWI) to understand blood 
supply of tumor. Diffusion-weighted imaging (DWI) can 
also be used.

Qualitative diagnosis, including changes in morphology, 
size, density/signal, border, bone and peripheral structures, is 
determined according to image findings. Infectious diseases 
can be accurately diagnosed by combination of various 
imaging examination techniques.

1.3.1  Orbit

1.3.1.1  MRI Scanning Method

Coil
Head coil is commonly used, and surface coil can be used for 
scanning eyeball or preseptal structures.

Range and Position
RBL is taken as the baseline for transverse plane scanning. 
Line perpendicular to RBL is taken as the baseline for coro-
nal plane scanning. The baseline for oblique sagittal plane 
scanning should be parallel to the optic nerve [14].

Scanning Parameters
Slice thickness: 3.0–5.0 mm. slice increment: 0–1.0 mm.

Scanning Sequence
 1. Regular non-enhanced scan: Transverse plane T1 

weighted image (T1WI) and T2 weighted image (T2WI) 
on conventional sequence, and coronal plane fat sup-
pression T2WI.  If mass sees hyperintense in T1WI, 
transverse plane fat suppression T1WI should be 

increased. Oblique sagittal plane sequence and DWI 
sequence can be added properly.

 2. Enhanced Scan: When tumor nature needed to be further 
identified, dynamic enhanced scan at transverse plane can 
be performed to draw dynamic enhancement curves. 
Enhanced sequence is T1WI at transverse plane. T1WI at 
coronal plane or oblique sagittal plane is optional, among 
which the better plane is subject to fat suppression.

 3. If a patient with suspected varicosity has proptosis when 
lowering head, pressurized scanning should be per-
formed. It is necessary to perform transverse plane T2WI 
sequence scanning first, then strap cuff at patient’s neck 
for pressurization, and re-scan according to regular 
sequence after neck pressurization [1]. If the patent can-
not control eye movement, propeller sequence (Blade and 
Windmill techniques) can be used for scanning.

1.3.1.2  Effect and Limit
MRI, with a desirable resolution for soft tissue, is the first 
choice for evaluating complex orbit diseases. It can clearly 
show extent of complex lesions, including extraocular 
tumors, vascular malformation, and complicated inflamma-
tion. Besides, MRI is also excellent for displaying the extent 
of malignant orbital diseases, including peripheral nerve 
tumor invasion, optic nerve invasion, hematogenous or cere-
brospinal fluid spreading and metastasis, and intracranial 
invasion. Although ultrasound is the first choice for eye 
imaging, MRI can display retrobulbar conditions more pre-
cisely. Besides, MRI examination can clearly display eye-
ball. Having said that, it displays bone cortex and calcification 
poorly, with in-vivo metal as a contraindication.

New MRI techniques are widely used for optic nerve, 
mainly including MRI high-resolution imaging and 
diffusion- weighted imaging (DWI).

In theory, the signal-to-noise ratio (SNR) of 3 T MRI is 
twice that of 1.5 T MRI, but problems emerge because T2 
relaxation time is shortened, thus reducing the T2WI image 
contrast and presenting more chemical artifacts and mag-
netic susceptibility artifacts. Image quality can be improved 
with radial gradient-echo volume interpolated breath-hold 
examination (VIBE) and half-Fourier acquisition single-shot 
turbo spin-echo imaging [15].

Both acute optic nerve ischemia and acute optic neuri-
tis show limited diffusion. DWI helps to differentiate 
acute optic neuritis relevant to multiple sclerosis and neu-
romyelitis optica [15]. Diffusion tensor imaging (DTI) 
and fiber tractography imaging can further observe integ-
rity of axonal optic nerve and nerve sheath. DTI parame-
ters is closely related to optic neuritis in patients with 
multiple sclerosis, but the scan time is longer. Future 
development of new coils and faster high-resolution tech-
niques are promising to remarkably improve the orbital 
and optic nerve images.

1 Conventional Imaging Techniques
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1.3.2  Temporal Bone

1.3.2.1  MRI Scanning Method

Coil
Head quadrature coil or multi-channel coil can be used. 
When only scanning the outer, middle and inner ear struc-
tures, surface coil can be used.

Scanning Position
SML is taken as the baseline for transverse plane scanning. 
Line perpendicular to RBL is taken as the baseline for coro-
nal plane scanning. Oblique sagittal position should be added 
for facial nerve scanning (The scanning baseline is parallel 
to the horizontal facial nerve).

Scanning Parameters
Unless otherwise marked in the specific sequence, slice 
thickness is generally 2.0  ~  3.0  mm, slice increment is 
0  ~  0.3  mm, FOV is between 16  cm  ×  16  cm and 
20 cm × 20 cm, and matrix is not smaller than 256 × 256. As 
for high-resolution T2WI imaging, slice thickness can be 
2.0 mm without increment, and matrix is not smaller than 
320 × 256.

Scanning Sequence
 1. Regular Non-enhanced Scan: Two-dimensional spin- 

echo is the basic sequence most commonly used in MRI 
for detecting internal auditory canal small acoustic 
tumors and whenever enhanced T1WI is needed [4].

When using three-dimensional gradient recalled echo 
(3D GRE) and three dimensional-spoiled gradient 
recalled (3D-SPGR), flip angle is 20°–30° and slice thick-
ness is 1.0–1.3 mm. Head coils can be used for simultane-
ously scanning both sides.

When using three-dimensional constructive interference 
in steady-state (3D-CISS), TR is 12.5 ms, TE is 5.9 ms, flip 
angle is 30°, with heavily T2 weighted image obtained, to 
display membranous labyrinth, facial nerve in internal audi-
tory canal and vestibulocochlear nerve (Fig. 1.10a).

Three-dimensional fast spin-echo (3D FSE) T2 
weighted image: TR is 3000–4000 ms, TE is 102–250 ms, 
and slice thickness is 1.0–1.5  mm, without increment. 
Maximal intensity projection post-processing can clearly 
display images of inner eardrum labyrinth (Fig. 1.10b).

 2. Enhanced Scan: Gd-DTPA, which is used as a contrast 
agent, with a concentration of 469 mg/ml and a dosage of 
0.1  ml/kg, can be injected intravenously via a high- 
pressure injector at an injection rate of 2.5 ml/s. Enhanced 
scan aims to show facial nerves and lesion in temporal 
bone lateral to internal auditory canal.

1.3.3  Nose and Paranasal Sinus

1.3.3.1  MRI Scanning Method

Coil
Head quadrature coil, head phase array coil or head and neck 
joint coil.

a b

Fig. 1.10 Temporal bone MRI examination technique. (a) MRI showing course of nerves in internal auditory canal; (b) MRI showing 3D image 
of membranous labyrinth

Y. Wang et al.
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Scan Range and Position
RBL is taken as the baseline for transverse plane. Line per-
pendicular to RBL is taken as the baseline for coronal plane. 
Baseline for sagittal plane is parallel to median sagittal plane. 
In principle, the whole lesion is included [6].

 1. Transverse Plane: Parallel to hard palate, ranging from 
superior border of anterior cranial fossa base, at dia-
phragma sellae level, to inferior border of soft palate 
(around inferior border of the second cervical vertebra) 
(Fig. 1.11a).

 2. Coronal Plane: Parallel to coronal line of maxillofacial 
region, or parallel to coronal line of connecting line 
between nasal tip and nasal root, ranging from anterior 
border of frontal sinus to posterior border of sphenoid 
sinus (Fig. 1.11b).

 3. Sagittal Plane: Parallel to the median sagittal line of max-
illofacial region, including lateral wall of the maxillary 
sinus on both sides (Fig. 1.11c).

Scanning Parameters
2D sequence typically uses a slice thickness of 3.0–5.0 mm, 
a slice increment of 0.5 mm, a FOV between 18 cm × 18 cm 
and 24 cm × 24 cm and a matrix not smaller than 288 × 224; 
See Tables 1.1 and 1.2 for specific parameters.

Scanning Sequence
 1. Regular Non-enhanced Scan: Spin-echo (SE) pulse 

sequence is commonly used in MRI examination for nose 
and paranasal sinus.

Thanks to echo train, fast spin-echo (FSE) sequence 
has a much shorter acquisition time, thus can acquire 
T1WI and T2WI images quickly.

The three-dimensional fast spoiled gradient recalled 
(3D-FSPGR) has a much higher imaging speed, which 
can be used in dynamic enhanced scan.

 2. Enhanced Scan: Gd-DTPA is injected intravenously. 
Combination of enhanced scan and fat suppression can 
help the differential diagnosis of lesion and improve the 
contrast between tumor and peripheral tissues, thereby 
clearly displaying the extent of the lesion and its involve-
ment of peripheral structures. Dynamic enhancement can 
display intensity-time variation of tumor blood supply 
dynamically, which is conducive to the qualitative and 
differential diagnosis of tumor.

 3. MR Hydrography: Hydrography greatly helps diagnose 
cerebrospinal fluid rhinorrhea and display fistulas. In par-
ticular, 3D acquisition can deliver original images with 
thin slice thickness without increment, thus reducing 
missed diagnosis. What is more, the images can be sub-
ject to various post-processing [8, 16, 17].

a b c

Fig. 1.11 Paranasal sinus scanning image. (a) Scanning for paranasal sinus at transverse plane; (b) Scanning for paranasal sinus at coronal plane; 
(c) Scanning for paranasal sinus from sagittal plane

Table 1.1 Non-enhanced MRI scan sequences and parameters of paranasal sinus

Sequence 
description Position

Repetition time 
(ms)

Echo time 
(ms)

Slice thickness/
increment (mm)

Scanning 
FOV Matrix

Fat suppression 
or not

Average 
time

T1WI Transverse 
view

400 ~ 450 12 ~ 15 4/0.5 180 ~ 240 288 × 224 No 2

T2WI Transverse 
view

4000 ~ 4500 85 ~ 120 4/0.5 180 ~ 240 288 × 224 No 2

T2WI Transverse 
view

4000 ~ 4500 85 ~ 120 4/0.5 180 ~ 240 288 × 224 Yes 2

T2WI Coronal 4000 ~ 4500 42 ~ 105 4/0.5 180 ~ 240 288 × 224 Yes 3 ~ 4

1 Conventional Imaging Techniques



14

1.3.4  Pharynx

When displaying pharynx and peripheral tissues and struc-
tures, MRI has a higher resolution than CT, thus it can clearly 
display the lesion’s nature and peripheral tissues involve-
ment. MRI is mainly used for evaluating the lesions in naso-
pharynx, oropharynx, and cervical lymph node [4, 9].

1.3.4.1  MRI Scanning Method

Coil
Head quadrature coil (or multi-channel coil).

Scan Range and Position
RBL is taken as the baseline for transverse plane. Line per-
pendicular to RBL is taken as the baseline for coronal plane. 
Sagittal plane reconstructed baseline is parallel to median 
sagittal plane.

Scanning Parameters
2D sequence typically uses a slice thickness of 3.0–5.0 mm, 
a slice increment of 0.5 mm, a FOV between 18 cm × 18 cm 
and 24 cm × 24 cm and a matrix not smaller than 288 × 224.

Scanning Sequence
 1. Regular Non-enhanced Scan: Transverse plane T1WI and 

T2WI and coronal plane (sagittal plane if necessary) T1WI 
are applied. T2WI should be performed on the optimal 
section showing the lesion. In case of T1WI showing 
hyperintense, fat suppression T1WI should be performed 
on the optimal section showing the lesion. Equipment 
with low field intensity or poor chemical shift fat suppres-
sion can perform short-time inversion recovery (STIR) 
sequence.

 2. Enhanced Scan: Dynamic enhancement and transverse 
plane, coronal plane and/or sagittal plane T1WI are 
applied. While fat suppression is added at one of these 
sections.

1.3.5  Larynx

MRI coronal plane imaging can clearly display vocal cord, 
ventricular fold and laryngeal ventricle, thus helping observe 

paraglottic space, deep layer of neck and presence of lymph-
adenectasis. Sagittal plane can display preepiglottic space, 
epiglottis, and arytenoid cartilage. Transverse plane can 
clearly show cricoid cartilage, thyroid cartilage and periph-
eral tissues. Coronal plane and sagittal plane can reflect the 
relationship between larynx and peripheral structures, while 
transverse plane is good for left-right contrast.

When compared with CT examination, MRI can show 
larynx lesions in an earlier and more accurately way. Besides, 
fat suppression T1WI and enhanced scan can better display 
the extent of lesion involvement. CT can directly show bone 
destruction, whereas MRI is more sensitive to bone marrow 
infiltration of the lesion in early stage, thus can identify the 
involvement and metastasis of bone lesion earlier.

1.3.5.1  MRI Scanning Method

Coil
Neck surface coil, head & neck joint coil, and spine phase 
array coil [10].

Scan Range and Position
RBL is taken as the baseline for transverse plane scan-
ning. Transverse plane is perpendicular to the long axis of 
larynx cavity, ranging from superior border of epiglottis 
to inferior border of the six cervical vertebral body; 
Sagittal plane is parallel to median sagittal line of larynx 
cavity, covering the lateral soft tissue on both sides of the 
larynx [15]; Coronal plane is parallel to the long axis of 
hypopharynx cavity, ranging from thyroid cartilage to 
posterior mastoid process. Bilateral display is symmetric, 
showing fine structure of larynx and lymph nodes in neck, 
without artifacts such as swallowing movement and vas-
cular pulsation [10].

Scanning Parameters
Slice thickness is smaller than 3 mm and greater than slice 
increment. FOV is between 20 cm × 20 cm and 24 cm × 24 cm 
or less. Acquisition matrix is 256 × 512.

Scanning Sequence
 1. Regular Non-enhanced Scan: T1WI, T2WI, and fat 

suppression (FS) T2WI sequence or STIR sequence 
are scanned mainly at transverse plane, and sagittal 

Table 1.2 Enhanced sequence and parameters of paranasal sinus MRI

Sequence 
description Position

Repetition 
time (ms)

Echo time 
(ms)

Slice thickness/
increment (mm) Scanning FOV Matrix

Fat suppression 
or not

Average 
time

T1WI Transverse 
view

600 15 5/1 180 ~ 240 288 × 224 Yes 2

T1WI Coronal 600 15 5/1 180 ~ 240 288 × 224 Yes 2
T1WI Sagittal 600 15 5/1 180 ~ 240 288 × 224 Yes 2

Y. Wang et al.



15

plane T2WI, T1WI, and coronal plane FS-T2WI 
sequences are added.

 2. Enhanced Scan: Gadolinium-based contrast agent is 
injected at regular dosage and rate [10], and transverse 
plane, sagittal plane and coronal plane FS-T1WI shall be 
scanned.

1.3.5.2  Status Quo and Progress of Research
As CT hardware and software techniques continue to 
develop, CT has become a preferred method for imaging 
examination of larynx. Among them, CT spectral imaging is 
a research hotspot in imaging research [18], which can dif-
ferentiate absorption of different x-ray energy spectra by tis-
sues and lesions, thus displaying anatomical structures in a 
more precise way. It is of revolutionary significance to real-
ize substance separation and quantitative analysis. As one of 
the four tools of energy spectrum CT, single energy CT can 
better detect lesions in subtle larynx anatomical structures 
with small density difference, thus clearly showing normal 
structures and contour and extent of lesions [18].

MRI, which is time-consuming and expensive with high 
imaging requirements, is not the first choice for larynx 
imaging examination. However, thanks to its high resolu-
tion for soft tissue, MRI can assist CT in examination to 
achieve a higher accuracy rate of diagnosis. It is mainly 
used for evaluating invasion of cartilage by laryngeal can-
cer and its postoperative relapse. Dynamic contrast-
enhanced MRI (DCE-MRI) uses intravenously injected 
gadolinium-based contrast agents to evaluate perfusion and 
permeability of local micro-circulation in lesions. Rapid 
accumulation of contrast agents in the local vascular sys-
tem of lesion provides some quantitative information. 
These techniques are not widely applied in clinic due to 
lack of quantitative criteria and long post-processing time. 
Besides, the application experience of MRI perfusion, dif-
fusion, spectrum, and other functional imaging techniques 
in larynx is yet to be further evaluated [19]. There are few 
reports on MRI virtual endoscopy, and its clinical value 
requires further research.

1.3.6  Oral and Maxillofacial Region

It is mainly used for detecting tumors in oral and maxillofa-
cial region and temporomandibular disorders [20, 21], 
wherein T1WI and T2WI are normally applied.

In the routine examination for oral and maxillofacial 
region, examination for head and face can be performed at 
transverse plane, coronal plane and sagittal plane, and 
oblique position can also be employed to observe the lesion 
extent from different angles.

In temporal-mandibular joint examination, the patient’s 
oral cavity should be scanned at median jaw position and 

wide-open mouth position from each level. Coronal plane 
shall be scanned at median jaw position, with a slice thick-
ness of 3.0 mm. Oblique sagittal FSE sequence T1WI, GRE 
sequence T2WI, fat suppression proton density-weighted 
imaging (PDWI) and oblique coronal PDWI and GRE 
sequence T2WI are employed at closed-mouth position. 
Oblique sagittal fat suppression PDWI and oblique coronal 
GRE sequence T2WI are employed at open mouth position. 
PDWI sequence helps show articular disc. Oblique sagittal 
FSE T2WI scanning is performed in case of any exudative 
lesion suspected.

Enhanced scan is needed for patients with mass, sus-
pected tumors, or suspected articular disc inflammation. 
Gd-DTPA, which is used as a contrast agent, with a concen-
tration of 469 mg/ml and a dosage of 0.1 mmol/kg, can be 
injected intravenously via a high-pressure injector at an 
injection rate of 2.5 ml/s.

1.3.7  Neck

1.3.7.1  MRI Scanning Method

Coil
Neck coil, head and neck joint coil or spine coil can be 
employed for neck and cervical vertebra scanning.

Scan Range and Position
RBL is taken as the baseline for transverse plane. At coronal 
plane and sagittal plane, supine position is determined based 
on organs, parts or structures to be scanned or displayed.

Scanning Parameters
Slice thickness is 3.0–5.0 mm, slice increment is 0.5 mm, 
FOV is between 18 cm × 18 cm and 24 cm × 24 cm, and 
matrix is not smaller than 288 × 224;

Scanning Sequence
 1. Regular non-enhanced scan: Cervical vertebra MRI 

mainly involves sagittal plane and transverse plane. 
Generally, T1WI employs fast spin echo and T2WI 
employs fast spin echo or fast recovery fast spin-echo 
sequences. To show nerve roots, a dual excitation bal-
anced steady- state free precession sequence can be used.

 2. Enhanced Scan: Dynamic enhancement and transverse 
plane, coronal plane and/or sagittal plane T1WI are 
applied, while fat suppression is added at one of these 
sections.

1.3.7.2  Status Quo and Progress of Research
With a high contrast for soft tissue, MRI can be used to 
examine pharynx, larynx, thyroid gland, parathyroid gland, 
neck muscles, soft tissues and lymph nodes. MRI has a 
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higher resolution for tissues and structures of neck than CT, 
thus can clearly display lesion’s site, extent, nature, and its 
relationship with peripheral structures. Due to its sensitive to 
calcification, CT is often used for diagnosing lymph node 
tuberculosis [22]. What is more, MRI can identify the cystic 
features of cystic lesions. CT is most commonly used for 
detecting neck infection and differentiating reactive hyper-
plasia and suppurative lymph node. Having said that, given 
the ionization radiation of CT, it is recommended to use MRI 
in initial examination for children. In the differentiation of 
infectious and metastasizing lesions of lymph nodes, DWI, 
and dynamic contrast-enhanced MRI can be used as supple-
mentary to improve the sensitivity and specificity of diagno-
sis. CT and MRI have their own comparative strength in 
diagnosing inflammatory and infectious diseases of spinal 
peripheral soft tissues. For example, when diagnosing cal-
cific tendinitis of longus colli, CT is more sensitive than MRI 
because of hydroxyapatite and other calcium salts deposited 
in tendon. In the examination for soft tissue infection periph-
eral to spine, both CT and MRI can determine the extent of 
infection, wherein CT is more sensitive to bone destruction 
of the spine arising from infection, while MRI can better 
observe the extent of spinal dura mater and spinal cord com-
pression caused by infection [23]. In addition, although CT 
is the most commonly used technique for evaluating necro-
tizing fasciitis, it is not effective in differentiating necrotiz-
ing fasciitis from non-necrotizing fasciitis due to its poor 
specificity. By contrast, MRI is a golden standard for diag-
nosing necrotizing fasciitis, with a whopping 93% of sensi-
tivity [24]. Both CT and MRI are employed, and complement 
each other, in the observation of neck tissue injury caused by 
radiotherapy. CT excels in observing soft tissue injury caused 
by radiotherapy and osteoradionecrosis, while MRI can bet-
ter observe injury of central nervous system and spinal cord 
injury caused by radiotherapy. Ultrasound is the preferred in 
examination of thyroid gland diseases, such as thyroiditis 
and nodules, but CT and MRI can better observe the extent 
of the lesion and its relationship with important peripheral 
tissue structures.

1.3.8  Salivary Gland

MRI examination, boasting good soft tissue contrast and 
multi-plane data acquisition, has great advantage in salivary 
gland imaging, thus making it a commonly used method for 
evaluating salivary gland tumor lesions.

1.3.8.1  MRI Scanning Method

Coil
Head and neck joint coil or head coil is employed.

Scan Range and Position
The scan range is adjusted according to the lesion. As for 
parotid gland, scanning ranges from OML to mental region 
of mandible. Patients should be instructed to close their 
mouth during scanning.

Scanning Parameters
As for regular acquisition, FOV ≤ 25.0 cm × 25.0 cm, slice 
thickness ≤  5.0  mm, and slice increment ≤  1.0  mm. The 
FOV, slice thickness and increment are adjusted according to 
the region of interest.

Scanning Sequence
 1. Regular Non-enhanced Scan: Axial position plus coronal 

position are applied, with sequences including SE or FSE 
sequence T1WI, STIR T1WI, STIR T2WI.

 2. Enhanced Scan: Anterior axial position, sagittal, and cor-
onal T1WI, as well as posterior axial position and coronal 
fat suppression T1WI are enhanced. Enhanced scan uses 
Gd-DTPA as a contrast agent with a concentration of 
469 mg/ml and a dosage of 0.2 mmol/kg. The contrast 
agent is given from elbow veins by bolus injection with a 
high-pressure injector at an injection rate of 2.0 ml/s.

Magnetic Resonance Sialography (MRS)
Heavily T2 weighted techniques are used to evaluate sialo-
dochium lesions via spittle development.

The patient wearing head coil enters in supine position, 
head first. FOV should cover the whole region of interest, 
and scanning ranges from mastoid process tip to vocal cord. 
Acquisition sequence should include axial non-enhanced 
T1WI SE sequence, axial non-enhanced T2 half-Fourier 
acquisition single-shot turbo spin-echo (HASTE) sequence 
and coronal STIR sequence. The patient should hold siala-
gogue (citric acid or vitamin C) in oral cavity for 30s and 
then swallow it. After that, the patient should be instructed to 
avoid swallowing during acquisition.

After applying the sialagogue, high-resolution image 
acquisition can be performed for gland of interest. Parotid 
gland uses oblique sagittal thick-layer positioning, with axial 
surface parallel to zygomatic arch, and coronal plane parallel 
to zygomatic arch/mental protuberance. The optimum imag-
ing position for submandibular gland: axial plane is parallel 
to mandible body and coronal plane is parallel to zygomatic 
arch/mental protuberance. T2 HASTE sequence and inver-
sion recovery turbo spin-echo sequence are acquired at axial 
and oblique coronal positions, with a slice thickness of 
20 mm. At last, FOV is acquired, positioned, and determined 
with the above-mentioned T2WI. 3D-CISS sequence or sam-
pling perfection with application optimized contrasts using 
different flip angle evolution (SPACE) sequence acquisition 
is performed at oblique axial position.
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MR Imaging Sequence of Facial Nerve Parotid 
Segment
Facial nerve extracranial segments leave skull from stylo-
mastoid foramen and pass through parotid gland in a curved 
shape. In conventional MRI images, facial nerves show 
slightly hypointense T1WI, wherein parotid segment does 
not present a striking contrast with peripheral tissues, thus 
making it difficult to differentiate. For this reason, other new 
imaging techniques are normally applied.

The patient, wearing head coil or small coil, enters in 
supine position, head first. 3D double-echo steady-state with 
water excitation (3D-DESSwe) is performed [25], with FOV 
of 14 cm × 14 cm and slice thickness of 0.5 mm, without 
increment. After scanning, MPR, CPR, or MIP is performed 
according to course of facial nerve. 3D-DESSwe sequence is 
commonly used. On top of that, 3D reversed fast imaging 
with steady-state precession and diffusion-weighted imaging 
(3D-PSIF-DWI) [26] sequence can also clearly display facial 
nerves course in parotid gland.

1.3.9  Skull Base

The anatomical structure of the skull base is extremely com-
plex. Thanks to the new progress in imaging, MRI is capable 
of delivering multi-directional, multi-parameter imaging 
with special sequence design, thus can display detailed anat-
omy of the skull base and help better detect the lesion and 
determine its nature.

Conventional transverse SE sequences (T1WI and T2WI) are 
the most basic scanning procedures. It is also necessary to scan 
the target region at coronal plane. Coronal scanning, which can 
observe skull base from a perspective different from the trans-
verse plane, serves as a necessary supplement for transverse 
plane when observing cavernous sinus, oval foramen and inter-
nal auditory canal (acoustic-facial nerves). Sagittal plane scan-
ning can also supplement the above examination.

Fast SE sequence T2WI cannot effectively suppress fat sig-
nals, making it difficult to distinguish hyperintense of fat from 
that of lesions in many cases, thus badly hindering the detec-
tion of lesions and determination of lesion’s range and extent. 
At this point, T2WI with fat suppression becomes necessary.

As for lesions in bone marrow cavity of skull base, SE 
sequence T1WI, in which the destruction of bone marrow 
shows hypointense, is much more sensitive than fast T2WI, 
where lesion signals are often mixed with signals of periph-
eral normal bone marrow and are difficult to identify. 
Therefore, T2WI with fat suppression should be used for sus-
pected intra-osseous lesions.

TOF vascular imaging sequence is vital to the identifica-
tion of blood vessels. It is applied for observing not only 

vascular abnormalities, but also the presence of neurovascu-
lar compression in cistern.

3D acquisition techniques with heavily T2 weighted 
sequence capable of suppressing cerebrospinal fluid pulsa-
tion, such as 3D-CISS and FIESTA, are crucial to the obser-
vation of intracisternal cranial nerves. In such cases, pulsation 
artifact of hyperintense cerebrospinal fluid is removed, and 
the section is submillimeter thin layer, thereby can well dis-
play cistemal segment of cranial nerve, cochlea, vestibule, 
semicircular canal, and cochlear nerve, facial nerve, superior 
& inferior vestibular nerve in internal auditory canal and 
their sequences.

In addition, diffusion-weighted imaging (DWI) has made 
progress in differential diagnosis for skull base lesions. It has 
been reported in literature that measuring apparent diffusion 
coefficient (ADC) helps distinguish infection necrosis from 
tumor necrosis, and people remain divided over the differen-
tiation of tumor classifications, which needs to be further 
confirmed in future studies [13].

1.4  DSA Technique

Currently, digital subtraction angiography (DSA) is deemed 
as the golden standard for vascular disease diagnosis. It can 
precisely locate the vasculopathy and identify its nature and 
blood supply, providing a good tool for interventional ther-
apy. DSA is limited in the diagnosis of head & neck inflam-
mation, so it is not commonly used for such diseases. It can 
serve as an auxiliary diagnosis in case of any suspected cer-
vical vasculitis.

1.5  Radionuclide Imaging and PET/CT

The sensitivity of imaging techniques is ever-growing amidst 
technical development, such as positron emission tomogra-
phy (PET). PET/CT is essential for the diagnosis and evalu-
ation of solid tumor, lymphoma and other malignant diseases. 
Furthermore, as for inflammatory reactions arising from 
various causes, their metabolic activities against neutrophil, 
monocyte/macrophage, activated lymphocytes and other 
inflammatory cells are as high as that of tumor cells, with 
elevated uptake of 18F-fluorodeoxyglucose (18F-FDG). For 
this reason, lesions of infectious or non-infectious inflamma-
tory diseases show remarkably high uptake on PET/CT [27]. 
In cases where it is difficult to differentiate inflammatory 
lesions from neoplastic lesions, PET/CT can serve as an aux-
iliary examination for differential diagnosis. Besides, PET/
CT can evaluate the therapeutic effect of some vasculitis 
lesions [28].

1 Conventional Imaging Techniques
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Functional and Molecular Imaging 
Techniques

Chen Cao, Shuang Xia, and Wen Chen

Regular imaging can display anatomical structures of the 
human body in an omnidirectional way. That said, it is unable 
to show the physiological and pathological processes thereof. 
As imaging techniques flourish, functional and molecular 
imaging has moved from experimental research to clinical 
application, capable of reflecting conditions of human body 
and analyzing pathogenesis at cellular and molecular level.

2.1  Functional Imaging

Functional imaging has been upgrading amidst the develop-
ment of modern imaging technology, becoming a powerful 
tool for diagnosis and differential diagnosis. Moreover, 
emerging new techniques help display the functional status 
of organs and tissues in a more accurate way. Mature func-
tional imaging techniques in clinical include CT perfusion 
imaging (CTP), MR perfusion weighted image (PWI), diffu-
sion weighted imaging (DWI), diffusion tensor imaging 
(DTI), blood oxygenation level-dependent MRI (BOLD), 
susceptibility weighted imaging (SWI), and dynamic 
contrast- enhanced MRI (DCE-MRI).

DWI can reflect the voluntary motion of water molecules 
in tissues through quantitative measurement, wherein the 
molecular diffusion extent can be quantified by ADC. The 
higher the ADC value, the greater the diffusion rate, while 
the decreased ADC value represents limited diffusion. 
Diffusion that is direction-dependent is called anisotropy. 
DTI can reflect anisotropy in multiple directions. In case of 
ocular abscess or rhinogenic brain abscess, viscous fluid 
formed by bacteria, inflammatory cells, mucin, and cell frag-

ments in vomica will limit the diffusion of water molecules. 
In such a case, DWI shows a characteristic hyperintense, and 
ADC value decreases [1]. Acute optic nerve ischemia and 
acute optic neuritis can also be manifested as limited diffu-
sion, wherein DWI shows hyperintense, and ADC value 
decreases. DWI helps identify acute optic neuritis relevant to 
multiple sclerosis and neuromyelitis optica. DTI fiber trac-
togrpahy can further show the integrity of optic nerve axon 
and nerve sheath, and its related parameters have a close cor-
relation with optic neuritis [2]. Alongside that, in case of 
small lesion of middle ear cholesteatoma and postoperative 
residual or recurrence, MR enhanced scan can hardly differ-
entiate the lesion from peripheral inflammatory tissue and 
inflammatory swelling of the middle ear mucosa. At this 
point, the specific hyperintense on DWI is of value for deter-
mining the presence of cholesteatoma.

Magnetic resonance spectroscopy (MRS) performs 
in vivo biochemical analysis for human lesions, and it can 
realize quantitative analysis for metabolites in the human 
body at the molecular level in a non-invasive way. The most 
commonly used is 1H-MRS, whose resonant peaks mainly 
include N-aceytl aspartate (NAA), creatine (Cr), choline 
(Cho), lactate (Lac), lipid (Lip), and myo-inositol (MI). 
When inflammations in the head and neck result in abscesses, 
NAA, Cho, and Cr peaks are reduced, and the surrounding 
anaerobic glycolysis increases, with visible Lac peak [3]. 
Detecting malignant tumors of masticatory intermuscular 
space and choline levels in chronic infection with single 
voxel1H- MRS is of great significance for differentiating the 
above two diseases.

Perfusion imaging can reflect tissue’s micro hemodynam-
ics, which is built on the capacity of blood flow to transfuse 
nutrient to peripheral tissues via the capillary network. With 
this technique, blood vessel perfusion can be measured by 
exogenous intravenous injection of contrast agent, and tissue 
hemodynamics can be measured by endogenous blood flow 
labeling, such as arterial spin labeling (ASL). Perfusion 
imaging can quantitatively analyze cervical  lymphadenopathy 
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of different pathological types and is of certain clinical value 
in distinguishing benign and malignant cervical lymph 
nodes. The increased disordered, immature new vessels, 
incomplete basement membrane of blood vessels, raised 
pressure in new vessels, faster blood flow, and shortened 
blood circulation in malignant lymph node lesions result in 
hyperperfusion of hemodynamics, shortened mean transit 
time (MTT), and increased permeability surface (PS). By 
contrast, inflammatory enlarged lymph nodes are, on the 
contrary, showing desirable specificity [4, 5].

2.2  Molecular Imaging

When compared with regular imaging, molecular imaging 
focuses more on changes in an early stage caused by abnor-
mal genes, molecules, and proteins, than on morphological 
changes as regular imaging does. By using molecular probes 
and multiple imaging techniques, it delivers images for spe-
cific target sites in the human body, capable of showing 
pathophysiological process at cellular and molecular levels 
in a highly efficient way. Currently, molecular imaging 
methods that are commonly used include single-photon 
emission computed tomography (SPECT), positron emission 
tomography (PET), MR molecular imaging, optical imaging, 
ultrasound imaging, and CT molecular imaging, with gene 
expression and protein molecular imaging as the main 
contributions.

When studying molecular imaging of infection and 
inflammation, the first task is to identify pathophysiological 
response after inflammation, based on which the specific tar-
geted contrast agent is selected. Secondly, it is necessary to 
figure out whether the contrast agent has specificity. When 
inflammation occurs, local blood flow increases significantly, 
raising the vascular permeability. Under the action of chemo-
kines and adhesion molecules, leukocytes pass through the 
blood vessel wall to reach inflammatory lesion area. 
According to the above changes, which are essential for 
localization diagnosis of molecular imaging in an early stage 
of inflammation, a specific contrast agent can be selected. 
The agent is characterized in that it can deposit on and be 
rapidly removed from the inflammatory lesion, with high 
specificity and accuracy, easy labeling, and free of toxic and 
side effects. Despite high accuracy and specificity for acute 
and chronic inflammations, radionuclide labeled leukocyte 
imaging is complicated to operate, thus may induce cross- 
infection. Technetium-99 bone scan is a good choice when 
CT fails to fully display the bone destruction and extent 
caused by inflammation in the external auditory canal. CT is 
not good at displaying bone changes capable of evaluating 
the effect of antibiotic treatment, whereas the gallium-67 

bone scan can do better [6]. Technetium-99 methylene 
diphosphonate (99mTc-MDT) three-phase bone scan is 
highly sensitive and specific to diagnosis for maxillary sinus 
osteomyelitis.

PET/CT and PET/MRI provide molecular-level imaging 
targeted at inflammation characteristics with new develop-
ment direction. Levofloxacin, which can inhibit bacterial 
DNA racemase, is the third generation of broad-spectrum 
quinolone antibiotic that is widely used in clinical. The 
radionuclide marker 18F-levofloxacin of the antibiotic can 
also be used for targeted imaging of inflammation, with high 
sensitivity, accuracy, and ease of operation. As 
18F-levofloxacin only concentrates in bacterial infection, 
infectious inflammation can be differentiated from non- 
infectious ones, and efficacy of inflammatory drugs can be 
evaluated dynamically, thus providing guidance for clinic 
treatment. 18F-FDG is a commonly used positron radiophar-
maceutical. Inflammatory reaction makes inflammatory cells 
in lesion area active in glucose metabolism, thus quickly 
depositing at infected site. In addition, combined with the 
high resolution of PET, 18F-FDG-PET has its unique advan-
tage. 18F-FDG PET/CT can deliver complete morphological 
and functional images of sarcoidosis inflammatory activity 
location, and follow up the evaluation of treatment effect of 
patients with sarcoidosis. It is of great clinical value, espe-
cially for atypical, complicated and multi-system involved 
cases, which is manifested as increased local metabolism of 
the lesion. Besides, its sensitivity to sarcoidosis at throat can 
reach 80%. Many studies on interstitial magnetic resonance 
lymphography have been carried out in recent years. By 
using magnetic resonance contrast agents combined with 
macromolecules, which has a large molecular weight and 
molecular volume, the technique can make target lymph 
node maintain at a higher enhanced level within an extended 
period, thus effectively developing the morphology of lymph 
vessels and lymph nodes in drainage area for reactive hyper-
plasia of lymph node and lymph node tumor metastasis. In 
this sense, it is of value for differentiating cervical lymph 
node metastasis and reactive hyperplasia [7]. Based on the 
difference in FDG uptake, PET/CT can also distinguish ver-
tebral body tuberculosis of various pathological types. 
Caseous necrosis tuberculosis has a low intake of FDG, 
while proliferative vertebral body tuberculosis and mixed 
vertebral body tuberculosis have a high FDG uptake, owing 
to langerhans cells, epithelioid cells and lymphocytes con-
tained therein and the high level of glucose metabolism. 
Metabolism of FDG indicates the shape, range, and activity 
of lesions in vertebral body tuberculosis, thus can provide 
guidance for early diagnosis and differential diagnosis of the 
disease, while helping observe response of the lesion to 
drugs for further treatment [8].
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Application of Imaging Techniques 
in Head and Neck Infectious 
and Inflammatory Diseases

Yan Gong, Shuang Xia, and Wen Chen

Overview
Head and neck are composed of head and face and neck. The 
former mainly includes orbit, aural region, nasal cavity and 
paranasal sinus, salivary gland, oral, and maxillofacial 
region, while the latter mainly includes pharynx, larynx, tra-
chea, thyroid gland, submandibular gland and other struc-
tures. Head and neck infection and inflammatory diseases 
usually refer to inflammatory diseases caused by various 
pathogenic microorganisms (including viruses, bacteria, par-
asites, fungi, rickettsia, spirochetes, etc.) invading various 
organs and tissues of the head and neck and their spaces. 
Common diseases include pharyngitis, tonsillitis, laryngitis, 
epiglottitis, otitis media and rhinosinusitis, among which 
acute otitis media, acute pharyngitis, acute rhinosinusitis and 
acute tonsillitis are the most common infectious diseases in 
the head and neck. The causes of the disease are usually 
decreased resistance, fatigue, or other reasons, which are 
caused by the spread of adjacent infection focus. Descending 
mediastinitis, intracranial infection, orbital infection and 
respiratory tract obstruction are all severe complications that 
threaten patients’ lives, and the incidence rate accounts for 
about 12.02% of patients with head and neck multi-space 
infection.

According to the types of pathogen, it can be divided into 
bacterial infection (such as Staphylococcus aureus, 
Pseudomonas aeruginosa, Streptococcus haemolyticus), 
fungal infection (such as Candida albicans, Candida tropi-
calis, Candida glabrata), parasitic infection and special 
pathogen infection (rickettsia, spirochete, etc.). Compared 
with bacteria, fungi generally do not produce endotoxin and 
exotoxin, and the pathogenicity of fungi may be associated 

with the mechanical damage caused by its reproduction 
in vivo and the enzymes and acidic metabolites produced [1].

Imaging Examination
 1. X-ray Examination. It can only rely on the change of air 

show contour and cavity surface morphology in the lar-
ynx cavity to observe the abnormalities of the nasopha-
ryngeal roof, the posterior wall of pharynx, the soft 
palate and epiglottic cartilage, the laryngeal vestibule, 
glottic region, subglottic region and the posterior wall of 
pharynx, while X-ray examination is hardly needed for 
the neck lesions due to the lack of natural density 
contrast.

 2. CT Examination It has become a routine examination 
technique for head and neck diseases, which can show the 
location and scope of head and neck inflammation, 
whether it is complicated with abscess formation and the 
etiology of some inflammatory diseases. If neck inflam-
mation with abscess formation is suspected, enhanced CT 
examination can determine whether abscess formation 
exists and whether incision and drainage are needed 
clinically.

 3. MRI Examination. It has the advantages of high resolu-
tion of soft tissue and no radiation. It can be multi- 
directional and multi-sequence imaging and can be 
scanned by different methods such as axial, coronal, sag-
ittal, and oblique. In addition to conventional T1WI and 
T2WI imaging, DWI can also show the scope of inflam-
matory lesions, the existence of abscess, and so on.

3.1  Bacterial Infection

Overview
Bacterial infections of head and neck are mostly caused by 
trauma, postoperative, and radiotherapy. Common pathogens 
are Staphylococcus aureus, Pseudomonas aeruginosa, 
Streptococcus haemolyticus, etc.
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Imaging Findings
 1. X-ray Examination. It cannot reflect the direct signs of 

bacterial infection, but barium swallow X-ray (BSX) can 
clearly show the piriform recess of larynx and the duct in 
the course area of neck esophagus. if there is local filling 
defect, it can indicate local soft tissue swelling caused by 
inflammatory reaction.

 2. CT Examination. CT multiplanar and curved planar ref-
ormation and virtual endoscopy can better show the fine 
bone structure and sinus of head and neck. Bacterial 
infection often leads to simple inflammation and abscess 
formation. The value of CT mainly lies in evaluating the 
location, scope, and etiology of inflammation. Enhanced 
CT can also evaluate whether abscess formation exists in 
the lesions. When there is abscess in the lesion, incision, 
and drainage are needed clinically. In early stage of 
inflammation, it shows low-density lesions with blurred 
local margins, which suggestes that active anti- 
inflammatory treatment could be taken clinically and then 
reexamined. In case of abscess formation in the later 
stage of the lesion, it can manifest as central low-density 
liquefactive necrosis area, with pneumatosis and air–fluid 
level shadow in some lesions and adjacent soft tissues. By 
enhanced scan, the enhancement of low-density area in 
abscess is unremarkable, and the abscess wall shows ring 
or septa enhancement, with smooth and complete medial 
wall and fuzzy edge of lateral wall. At this time, it is sug-
gested that the clinical treatment measures such as inci-
sion and drainage should be taken to intervene, and the 
patients should be followed up.

 3. MRI Examination. It has high resolution in soft tissue 
examination. MRI can provide direct and indirect signs of 
inflammatory lesions in soft tissue of head and neck. 
Imaging characteristics of inflammatory changes caused 
by infection include swelling of soft tissue, the disappear-
ance of fat layer and skin discontinuity caused by deep 
ulcer. Blood vessels and soft tissues can be differentiated 
by conventional sequences. Because fat shows hyperin-
tense on T1WI and hyperintense on T2WI, and all tissue 
spaces in the head and neck are filled with adipose tissue, 
the anatomical changes of tissues can be clearly differen-
tiated. T2WI supports the localization and qualitative 
diagnosis of pathological tissues by reflecting the differ-
ence in signal intensity among tissues. MRI scan will 
show the imaging signs of infection, determine the swell-
ing degree of soft tissue, whether fascia and space are 
involved, and even judge whether it is bloody exudation 
by the difference of liquid exudation signal in space; If 
abscess is formed, the abscess wall may show isointense 

or slightly hyperintense on T1WI and slightly hypointense 
on T2WI. The pus in the vomica shows hypointense on 
T1WI and hyperintense on T2WI. Inflammatory exudation 
around abscess shows slightly hypointense on T1WI and 
slightly hyperintense on T2WI.  By enhanced scan, the 
abscess wall is markedly enhanced. DWI sequence shows 
significantly hyperintense, which is characteristic. MRI 
can show the evolution process of inflammation exuda-
tion, absorption, encapsulation and organization in and 
around abscess focus, which provides an important basis 
for the therapeutic effect [2].

3.2  Virus Infection

Overview
Viral infection can cause human nonspecific immunity and 
specific immunity, and the performance of human nonspe-
cific immunity is basically consistent with bacterial infec-
tion, and local inflammatory reaction can occur; Imaging can 
also show the relative characteristic changes of organs or 
local soft tissues for clinical reference.

Imaging Findings
 1. X-ray Examination. It cannot reflect the direct signs of 

viral infection, so it is not used as routine examination 
when viral infection occurs.

 2. CT Examination. In case of immune complex deposition 
in head and neck lesions, CT can show the density of soft 
tissue, the margin is not clear, and the inflammatory reac-
tion caused by peripheral exudation is less than that 
caused by common bacterial infection, and the inflamma-
tory involvement of adjacent organs and structures is also 
lighter. Because CT is sensitive to the change of tissue 
density, the aggregation and dissipation of immune com-
plexes can be quickly judged by measuring CT values.

 3. MRI Examination. T2WI sequence shows local heteroge-
neous signal of lesion, mild swelling of soft tissue, less 
inflammatory exudation, and limited scope. By enhanced 
scan, it shows mild homogeneous or heterogeneous 
enhancement. If the abscess is caused by bacterial infec-
tion locally, the manifestation is consistent with the for-
mation of bacterial infection abscess, but the inflammatory 
involvement of adjacent organs and structures is less than 
that of common bacterial infection. Therefore, through 
the observation of suspected lesions by MRI, we can find 
out whether secondary bacterial infection occurs in time, 
which provides an important reference for clinical combi-
nation medication scheme [3].
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3.3  Fungal Infection

Overview
Common Fungal Infections include Candida albicans, 
Candida tropicalis and Candida glabrata. Compared with 
bacteria, fungi generally do not produce endotoxin and exo-
toxin, and the pathogenicity of fungi may be associated with 
the mechanical damage caused by its reproduction in vivo 
and the enzymes and acidic metabolites produced. If the 
Fungal Infection of the head and neck is adjacent to the bony 
structure, such as fungal rhinosinusitis, the bone is easily 
eroded and destroyed, complicated with mild hyperostosis 
and osteosclerosis; Viral infection invading blood vessels 
can lead to fungal aneurysm and internal carotid artery ecta-
sia; Painless mass is found in neck and parapharyngeal 
space.

Imaging Findings
 1. X-ray Examination. If calcification is found in enlarged 

lymph nodes of head and neck, punctate high-density foci 
are found in the shadow of soft tissue anterior to neck. 
However, X-ray plain film shows poor soft tissue and fine 
structure of head and neck, so it is seldom used.

 2. CT Examination. Fungal infection invading bone struc-
ture shows bone erosion and destruction, complicated 
with slight hyperostosis and increased density. If fungi 
are suspected to invade blood vessels, CTA examina-
tion is needed, and local aneurysmal dilatation can be 
found. Soft tissue density masses in neck and larynx 
are indistinct and can have infiltration growth with low 
central density. Adjacent soft tissues, including mus-
cles, may be invaded. Multiple cervical spaces can be 
involved across fascia, and the enhancement is mild 
and relatively homogeneous. If there is central puru-
lent necrosis, granulation tissue and strong fibrosis 
around it, a marked ring enhancement can be found. 
Some cases may have mild regional reactive lymph 
node proliferation.

 3. MRI Examination. Heterogeneous signal in the affected 
area, mainly manifesting as slightly hypointense on T1WI 
and hypointense on T2WI, with irregular shape, and the 
lesion could extend along the intermuscular space and 
bony space. The involved bony structures and bones show 
heterogeneous signal intensity, with patchy slightly 
hypointense on T1WI and patchy slightly hyperintense on 
T2WI with unclear margin. In case of fungal brain abscess, 
irregular edema belts are found around the lesion, and 
MRI enhancement shows ring enhancement of the cap-
sule wall, homogeneous thickness of the enhancement 
ring, thickening, and enhancement of the adjacent menin-
ges [4].

3.4  Parasitic Infection

Overview
Parasitic diseases of head and neck are rare. Usually, the 
inflammation of lymph nodes in the head and neck increases 
after infection of blood, digestive tract, skin, and muscular 
tissue. Patients have significant systemic symptoms, which 
can be diagnosed by exposure history, clinical manifestations 
and laboratory test. Imaging can dynamically observe the 
number, shape, border, density, and signal of enlarged lymph 
nodes in head and neck, so as to monitor and re- examine the 
course of disease development and treatment effect.

Imaging Findings
 1. X-ray Examination. If calcification is found in enlarged 

lymph nodes of head and neck, punctate high-density foci 
are found in the shadow of soft tissue anterior to neck. 
However, X-ray plain film shows poor soft tissue and fine 
structure of head and neck, so it is seldom used.

 2. CT Examination. It shows solitary or multiple enlarged 
lymph nodes in the neck, with different sizes, homoge-
neous density and clear margin, which may be compli-
cated with gravel calcification, usually without 
low-density necrotic area, with mild to moderate enhance-
ment and less exudation around.

 3. MRI Examination. A series of enlarged lymph nodes and 
fused nodules (rarely complicated with liquefactive 
necrosis) were found in the head and neck. They show 
isointense on T1WI and heterogeneous hyperintense on 
T2WI, heterogeneous enhancement by enhanced exami-
nation, with less inflammatory exudation around the 
lesions and less swelling of adjacent soft tissues. MRI has 
high soft tissue resolution, so it can more sensitively 
show the characteristic manifestations of parasitic infec-
tions such as scolex and cyst [5].
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Application of Imaging Techniques 
in Autoimmune Diseases of Head 
and Neck

Shuangyan Sun, Shuang Xia, and Wen Chen

Overview
Autoimmune disease (AD) is a kind of chronic and heteroge-
neous disease caused by the production of a large number of 
autoimmune antibodies and immune complexes due to the 
absence of immune tolerance to autoantigen [1]. It can be 
divided into organ-specific and systemic autoimmune dis-
eases. Organ-specific autoimmune diseases mainly include 
chronic ulcerative colitis, myasthenia gravis, pulmonary 
hemorrhage-nephritis syndrome, and so on. Systemic auto-
immune diseases include systemic lupus erythematosus 
(SLE), rheumatoid arthritis (RA), scleroderma, and so on. Its 
specific pathogenesis is unknown. Some scholars believe 
that it is a complicated process affected by environmental 
and other factors on the basis of genetic susceptibility [2]. 
Each disease has specific target cells and target organs, often 
involving multiple organs and multiple parts. Autoimmune 
diseases are diagnosed mainly based on laboratory tests and 
clinical manifestations. Tissue biopsy and pathological diag-
nosis are the gold standards, and imaging examination is 
used to assist in judging the extent, depth, and other aspects 
of the lesion. When the autoimmune disease involves head 
and neck organs, corresponding clinical and imaging find-
ings will appear. Take the IgG4-related disease for example. 
It can affect many parts and organs such as orbital soft tissue, 
salivary gland, head and neck skin, nervous system, and thy-
roid gland. Imaging shows specific manifestations such as 
symmetrical enlargement of the lacrimal gland, submandibu-
lar gland or parotid gland, thickening of pituitary stalk or 
pituitary goiter, and thyroid change. For lesions of the atlan-
toaxial joint synovium of rheumatoid arthritis (RA), imaging 
can be used to determine the atlantoaxial involvement, 

whether it is combined with atlantoaxial joint dislocation, 
synovial lesions, spinal cord compression, and so on. The 
common imaging techniques clinically used at present 
include conventional X-ray, CT, MRI, and molecular imag-
ing. Different imaging techniques have their own advantages 
and limitations. As new imaging technologies develop rap-
idly, imaging examination techniques are more and more 
widely used in the diagnosis of autoimmune diseases. This 
chapter mainly summarizes various imaging examination 
techniques applicable to autoimmune diseases of the head 
and neck, including their characteristics and differences, as 
well as the advances of new imaging techniques. In this way, 
imaging examination techniques can be chosen for the parts 
to be examined in a targeted way so that they can play the 
best role in diagnosing different diseases.

Imaging Examination
 1. X-ray examination. Due to lacking natural contrast in the 

neck, the forms of nasopharynx, oropharynx and hypo-
pharynx can only be approximately observed depending 
on the air display contour in the hypopharynx cavity. In 
addition, soft tissues cannot be clearly displayed. 
Therefore, an X-ray examination is seldom used.

 2. CT examination. As a routine examination technique for 
the lesions in head and neck, it can show the bony changes 
and soft tissue changes of head and neck. When an auto-
immune disease is clinically suspected, CT examination 
is the first choice because the wide range involved by the 
lesions requires the CT examination to cover all head and 
neck organs. High-resolution CT (HRCT) can better 
show the fine structure of bone, such as joint bone changes 
and joint space changes caused by rheumatoid arthritis. 
3D images of the head and neck can be constructed by the 
CT volume reconstruction technology to visually reflect 
for example the appearance of skin lesions caused by der-
matomyositis (DM) digitally, while enhanced CT exami-
nation can help better show soft tissue lesions such as 
subcutaneous nodules caused by immune complex 
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deposits. CT spectral imaging can express the differential 
absorption of different X-ray energy spectra by tissues 
and lesions to display the anatomical structure more 
finely. Of the revolutionary significance of realizing 
material separation and quantitative analysis, it can 
improve the qualitative diagnosis accuracy of lesions. CT 
examination is non-invasive. It can be applied to the parts 
that are not suitable for biopsy and is repeatable, having 
certain advantages.

 3. MRI examination. Safe, nonradiative, and having a high 
soft-tissue resolution, MRI examination can be used for 
imaging of multiple positions such as axial, coronal, sag-
ittal, and oblique positions, and can clearly show the 
glands, joints, and endolymph nodes in interstitial spaces. 
In addition, it is also capable of functional magnetic reso-
nance imaging including PWI, DWI, and MRS based on 
the conventional sequence. PWI can comprehensively 
reflect the microvessel distribution and blood perfusion in 
tissues by quantitative analysis to provide hemodynamic 

information. DWI is the only way to non-invasively detect 
the diffusion of water molecules in in vivo tissues, while 
MRS, as the only method that can be used to non- 
invasively detect the chemical substances in in vivo tis-
sues, can provide the metabolism information of such 
tissues. The functional magnetic resonance imaging 
examination methods mentioned above can be used to 
diagnose autoimmune diseases of the head and neck and 
determine the involvement of organs etc.
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Imaging Anatomy of Eye

Zhao Lu, Shaowei Zheng, and Lijun Wang

5.1  Foundation of Imaging Anatomy

The visual organ of eye is located at a position most of which 
are in the orbit. It consists of the eyeball and the accessory 
organs of eye. The eyeball is mainly composed of the eyeball 
wall and contents. It is stimulated by the light wave, converts 
the light stimulation into nerve impulses and then transmits 
them to the brain’s visual center through the visual pathway 
to generate vision. The accessory organs of eye support, pro-
tect, and move the eyeball [1, 2].

5.1.1  Orbit

The orbit, as a square vertebral body-shaped deep bony cav-
ity, accommodates the eyeball and the accessory organs of 
eye. It consists of frontal bone, zygomatic bone, maxilla, pal-
ate bone, ethmoid bone and sphenoid bone, and has an orbital 
apex, an orbital aperture facing the front, and four orbital 
walls,

5.1.1.1  Orbital Apex
Facing the posteromedial direction, it is a part via which the 
optic canal is connected to the inside of skull.

5.1.1.2  Orbital Aperture
An opening in the front of orbit.

5.1.1.3  Orbital Wall
It include superior wall, inferior wall, medial wall, and lat-
eral wall.

 1. Superior Wall: the orbital roof, which is slightly triangu-
lar in shape and uneven in thickness. Its front is com-

posed of the horizontal plate of frontal bone (orbital plate 
of frontal bone), and its back is composed of the lesser 
wing of sphenoid bone. It separates the anterior cranial 
fossa from the orbit. Main anatomical structures of the 
superior wall include the following items from front to 
back: (1) supraorbital notch, which is at 1/3 of the junc-
tion of the anterior border of superior wall and by which 
supraorbital nerve and blood vessel pass; (2) fossa for 
lacrimal gland, which, behind the zygomatic process of 
frontal bone, is an external even depression in front of the 
orbit, and accommodates the lacrimal gland; (3) trochlear 
fossa, which, located in the upper corner of the orbit, is 
adjacent to the protruding trochlea spine, with trochlear 
cartilage or ligament as its common signs of ossification.

 2. Inferior Wall: the orbital floor, which mainly consists of 
orbital surface of maxilla, orbital surface of zygomatic 
bone, and orbital process of palate bone. The bone of the 
inferior wall is relatively thin, with the part at the infraor-
bital groove or infraorbital canal the thinnest. In the mid-
dle of the inferior wall, there is an infraorbital groove 
starting from the inferior orbital fissure and extending 
forward to the infraorbital canal, with an opening made in 
the infraorbital foramen for infraorbital vessels and infra-
orbital nerves to pass through.

 3. Medial Wall: Rectangular, wide in the front and narrow in 
the back, it consists of frontal process of maxilla, lacrimal 
bone, ethmoid bont and corpus sphenoidale (a small part) 
from front to back. The front part is the fossa for lacrimal 
sac formed by the frontal process of maxilla and the lac-
rimal bone. It is connected to the nasal cavity through the 
nasolacrimal duct downward, which can be clearly shown 
by CT.  Most of the medial wall consists of the orbital 
plate of ethmoid bone (ethmoid bont). It is the thinnest 
part of the orbital wall. In the front section at the junction 
between the ethmoid bont and the orbital part of frontal 
bone, there is an anterior ethmoidal foramen for the 
 anterior ethmoid artery and the nasal nerves to pass 
through, and in the rear section, there is a posterior 
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ethmoidal foramen for the posterior ethmoidal artery to 
pass through.

 4. Lateral Wall: Slightly triangular, and with the front 1/3 
consisting of the orbital surface of zygomatic bone and 
the rear 2/3 consisting the orbital surface of greater wing 
of sphenoid bone, it is the strongest orbital wall and not 
adjacent to any paranasal sinus. Following anatomical 
structures can be observed in the lateral wall: (1) Merkel 
spina recti lateralis, which, as a small blunt round bony 
protrusion of the greater wing of sphenoid bone and 
located at the inferior border of the junction between 
wide and narrow parts of the superior orbital fissure, is 
the starting point of a part of the lateral rectus; (2) Jugal 
groove, which extends from the front of the inferior 
orbital fissure to the large jugal foramen and then the 
jugal canals which includes the zygomaticofacial canal 
and the zygomaticotemporal canal for the zygomatic 
artery and zygomatic nerve of the same name to pass 
through [2], supplying and innerving the surrounding 
areas of orbit as well as the face.

5.1.1.4  Fissure and Canal between Orbital Walls
 1. Superior Orbital Fissure: Located between the lateral 

wall and the top wall of the orbit, it is a fissure between 
greater and lesser wings of sphenoid bone. The superior 
border is the lesser wing of sphenoid bone, and the infe-
rior border is the greater wing of sphenoid bone. With the 
ophthalmic branch (ophthalmic nerve) of trigeminal 
nerve, the oculomotor nerve, the trochlear nerve, the 
abducent nerve and the superior ophthalmic vein passing 
through, it is the largest passage between the orbit and the 
middle cranial fossa.

 2. Inferior Orbital Fissure: It is a narrow fissure between the 
inferior wall and the lateral wall, with the maxilla and the 
orbital process of palate bone at the anterior boundary, 
and the inferior border of orbital surface of greater wing 
of sphenoid bone at the posterior boundary. The inferior 
orbital fissure constitutes a passage between the orbit and 
the pterygopalatine fossa and between the orbit and the 
infratemporal fossa for the maxillary branch of trigeminal 
nerve (maxillary nerve) and the inferior ophthalmic vein 
branch to pass through.

 3. Optic Canal: Located at the apex of superior wall and 
consisting of two roots of the lesser wing of sphenoid 
bone as well as the superolateral part of corpus sphenoi-
dale, it connects the orbital apex and the middle cranial 
fossa. The optic nerve, the ophthalmic artery and the 
sympathetic nerve pass through it. The optic canal is adja-
cent to the sphenoid sinus and the posterior ethmoidal 
sinus, and its canal wall is thin. If the bone is partially 
absorbed, the optic nerve will be placed in the sinus cav-
ity. Therefore, patients with rhinosinusitis often have 
optic neuritis.

 4. Anterior Orbital Canal and Posterior Orbital Canal: 
Located in the frontoethmoidal suture between supe-
rior wall and medial wall or adjacent frontal bone, they 
consist of frontal bone and ethmoid bone. Since open-
ings for anterior ethmoidal foramen and posterior eth-
moidal foramen are made in the orbital wall, openings 
for anterior orbital canal and posterior orbital canal are 
made in the foramina ethmoidale anterius of anterior 
cranial fossa medially along the foramens. The ante-
rior ethmoid artery and the posterior ethmoidal artery 
(ophthalmic artery branch) pass through them respec-
tively to supply the lateral part of nasal cavity, the 
superior part of nasal septum, and the ethmoidal sinus. 
They also form a plexus together with the sphenopala-
tine artery [2].

5.1.1.5  Orbital Space
There are four spaces in the orbit, including episcleral space, 
central space, peripheral space, and subperiosteal space.

 1. Episcleral Space: It refers to the potential space between 
fascia and sclera of the eyeball. Effusion in the space as 
well as inflammatory infiltration usually can be observed 
in case of ocular tendonitis.

 2. Central Space: It is located in the muscle cone surrounded 
by four recti and intermuscular ligaments. There is orbital 
fat, nerves, and blood vessels in the central space, and Its 
front part is closely connected to the fascia of eyeball and 
the orbital septum. Therefore, the inflammation occurring 
in the space usually does not affect the eyelid or 
conjunctiva.

 3. Peripheral Space: It is located between the muscle cone 
surrounded by four recti and intermuscular ligaments and 
the orbital periosteum, and its front part is the orbital 
septum.

 4. Subperiosteal Space: It refers to the potential space 
between the orbital periosteum and the orbital bone. 
Except being tightly connected to parts such as the fossa 
for the lacrimal sac, the orbital margin and each porous 
dehiscence, it is loosely connected to most other parts. 
Therefore, it is easy for the orbital periosteum to peel in 
case of inflammation.

5.1.2  Eyeball

The eyeball is mainly composed of eyeball wall and con-
tents. Located in the orbit and approximately spherical, it is 
connected to the orbital wall by the fascia. The eyeball is 
protected by the eyelid in front, and connected to the optic 
chiasma of diencephalon through the optic nerve at the back. 
It is surrounded by lacrimal glands, ocular muscles and so on 
[1, 2].

Z. Lu et al.



33

5.1.2.1  Wall of Eyeball
The wall of eyeball can be divided into three layers from the 
outside to the inside, i.e., fibrous tunic, vascular tunic and 
retina.

 1. Fibrous Tunic: The front 1/6 of it, as the cornea as well as 
convex outside and concave inside, is used for refraction. 
The rear 5/6 of it, as sclera, is opaque and porcelain white. 
The corneal limbal is at their junction [1, 2].

 2. Vascular Tunic: Located on the deep surface of the fibrous 
tunic of eyeball and rich in blood vessels, chromocytes 
and connective tissues, it is composed of iris, ciliary body 
and choroid from front to back. Located in the most front 
part of the vascular tunic, the iris is a disc-shaped thin 
tunic in the most front part of the vascular tunic, with a 
round pupil in the center. There are two directions of 
smooth muscle in the iris. One direction of smooth mus-
cle, which surrounds the pupil, is called as the sphincter 
pupillae. It is subject to parasympathetic innervation and 
can shrink the pupil. Another direction of smooth muscle, 
which is radially arranged, is called as dilator pupillae 
muscle. It is subject to sympathetic innervation and can 
expand the pupil. The iris controls the amount of light 
reaching the retina by controlling the pupil’s size. Located 
between the iris and choroid, the ciliary body is the thick-
est part of the vascular tunic. It contains the ciliary muscle, 
which is subject to sympathetic innervation. The ciliary 
body controls the power and shape of the lens and is where 
aqueous humor is produced. The choroid occupies poste-
rior 2/3 of the vascular tunic. Its outer surface is loosely 
connected to the sclera, its inner surface closely clings to 
the pigment layer of the retina, and the optic nerve passes 
through at its back. The choroid supplies oxygen and 
nutrients to the outer layer of the retina [1–4].

 3. Retina: Located on the inner surface of the vascular tunic 
of eyeball, it is divided into iridial part of retina, ciliary 
body part and choroid part from front to back. Attached to 
inner surfaces of the iris and the ciliary body, thin and 
without photosensitization, the iridial part and the ciliary 
body part are collectively called the blind part of retina. 
Attached to the inner surface of choroid, wide in the 
range, and with photosensitization, the choroid part is 
also called as pars optica retinae [1–3].

5.1.2.2  Contents of Eyeball
The contents of eyeball include lens, vitreous body and aque-
ous humor, all of which are colorless, transparent, and with-
out vascular structures. They are capable of refraction.

 1. Lens: Located between the iris and the vitreous body, it is 
hung by a ligament attached to the anterior part of the 

ciliary body. Biconvex lens-shaped, elastic, and con-
nected to the ciliary body by the ciliary zonules, it is a 
main part for the eyeball to adjust the refraction. 
Containing a lot of protein, it has the highest CT value in 
human soft tissues.

 2. Vitreous Body: Located between the lens and the retina, 
it occupies about the posterior 4/5 of space in the eyeball 
cavity. The vitreous body contains 98.5% of water so its 
density is low on the CT image, and the MRI shows 
hypointense on T1WI and hyperintense on T2WI.

 3. Aqueous Humor: It is filled in the aqueous chamber, 
which is the space between the lens and its suspensorium 
and cornea. The aqueous chamber is divided into the 
anterior chamber and the posterior chamber by the iris. 
The anterior chamber includes the space between iris and 
cornea, and the posterior chamber refers to the space 
between iris and vitreous body. Because the main compo-
nent of aqueous humor is water which takes up about 
98.1%, the CT examination shows low density, and the 
MRI image shows hypointense on T1WI and hyperintense 
on T2WI [1–6].

5.1.3  Accessory Organs of Eye

The accessory organs of eye include structures such as eye-
lid, conjunctiva, lacrimal organs, ocular muscles, adipose 
body of orbit, and orbital fasciae.

5.1.3.1  Eyelid
Located in the front of eyeball, it is a protective barrier for 
the eyeball. The eyelid is classified into the upper eyelid and 
the lower eyelid, the fissure between which is called as pal-
pebral fissure. The eyelid includes five layers from front to 
back: skin layer, subcutaneous layer, muscular layer, fibrous 
layer and palpebral conjunctiva layer. The skin layer of eye-
lid is thin. The subcutaneous tissue layer is loose and mainly 
composed of connective tissue and a small amount of fat. 
The muscular layer mainly includes pars palpebralis mus-
cles, levator palpebrae superioris and Müller’s muscle. The 
fibrous layer is mainly composed of the tarsus and orbital 
septum.

The tarsus is a half-moon-shaped dense connective tissue 
plate, with one on the top and one on the bottom. Composed 
of dense connective tissues, it supports the eyelid.

The orbital septum is an elastic connective tissue mem-
brane that connects the tarsus and the orbital margin. With 
surrounding areas extending to the periosteum of the orbital 
margin, it is a barrier between the eyelid and the internal 
structure of the orbit, able to prevent the spread of 
inflammation.

5 Imaging Anatomy of Eye
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5.1.3.2  Lacrimal Organs
 1. Lacrimal Gland: It is an exocrine gland located in the 

fossa for lacrimal gland in the outer upper front part of 
the orbit. It is divided into the larger orbital lobe (lacrimal 
gland of orbital part) in the upper part and the smaller 
eyelid lobe (lacrimal gland of eyelid) by the Whitnall 
ligament of the levator palpebrae superioris. The orbital 
lobe is located in the fossa for lacrimal gland, and eyelid 
lobe in the front lower part of the upper eyelid.

 2. Tear Drainage System: Mainly composed of dacryon, 
lacrimal ductule, lacrimal sac, nasolacrimal duct and so 
on, it mainly drains tears.

The dacryon (lacrimal punctum) is located in the cen-
ter of the medial lacrimal papilla of the free margin of the 
upper and lower eyelids. It is the opening of the lacrimal 
ductule. The lacrimal ductule, as a membranous duct, 
connects the dacryon and the lacrimal sac. The lacrimal 
sac is located in the fossa for lacrimal sac formed by the 
lacrimal bone and the frontal process of the maxilla. It is 
a membranous sac, with the upper a blind end and the 
lower opening continuous with nasolacrimal duct. The 
anterior wall of the lacrimal sac at the lower edge of the 
medial canthus ligament is weak so it is easy to perforate 
here from a fistula in case of lacrimal abscess. The naso-
lacrimal duct, as a membranous duct, is embedded into 
the bony nasolacrimal duct composed of the lacrimal 
groove of maxilla, the lacrimal groove of lacrimal bone 
and the lacrimal process of Inferior turbinate. It can con-
nect the orbit and the inferior meatus.

 3. Tear drainage pathway: superior and inferior lacrimal 
punctums → upper and lower lacrimal ductules → con-
fluence into the common lacrimal duct  →  lacrimal 
sac → nasolacrimal duct → inferior meatus.

5.1.3.3  Extraocular Muscle
As movement devices of optic organs, they are essential for 
the movement of eyeball. There are 6 extraocular muscles 

(including 4 recti and 2 oblique muscles for eyeball move-
ment) on each side as well as the levator palpebrae superioris 
eyelid movement. All such muscles are skeletal muscles 
(Table 5.1). They work together to make the eyes move in all 
directions.

 1. Superior rectus, inferior rectus, medial rectus, and lateral 
rectus: As four recti for eyeball movement, they are 
located at superior, inferior, medial, and lateral parts of 
the eyeball. They originate from the vicinity of the optic 
canal and the medial common tendinous ring of the supe-
rior orbital fissure, anterior to the equator, and insert into 
the superior, inferior, medial, and lateral parts of the 
sclera respectively. When they contract, the pupil turns 
upwards and inwards, downwards and inwards, inwards, 
and outwards.

 2. Superior Oblique and Inferior Oblique: The superior 
oblique originates from the corpus sphenoidale, which is 
located between the superior rectus and the medial rectus, 
courses forward along the orbital roof and the medial wall 
to the trochlear (the trochlear of an over 25-year-old per-
son can be calcified), turns to the rear lateral after passing 
through the trochlear, and inserts on the sclera posterior 
to the equator of eyeball. When it contracts, the pupil 
turns downwards and outwards.

Originating from the anteromedial side of the inferior 
wall (the lateral side of the lacrimal groove on the orbital 
surface of maxilla), the inferior oblique lies between the 
infraorbital wall and the inferior rectus. It inclines pos-
terolaterally and inserts at the sclera posterior to the equa-
tor under the eyeball. It contracts to turn the pupil to the 
superolateral side.

 3. Levator Palpebrae Superioris: It originates from the 
orbital wall in the anterosuperior part of the optic canal, 
courses forward above the superior rectus, and terminates 
at the skin and superior tarsus of the upper eyelid. It lifts 
the upper eyelid and opens the palpebral fissure [1, 2, 6].

Table 5.1 Origins and insertions, actions, and innervations of ocular muscles

Name Origin Insertion Action Innervation
Levator palpebrae 
superioris

Orbital wall anterosuperior 
to optic canal

Upper eyelid skin and superior tarsus Lift the upper eyelid Oculomotor 
nerve

Superior oblique Corpus sphenoidale Posterior sclera of the equator 
posterolateral to the eyeball

Turn the pupils downwards 
and outwards

Trochlear 
nerve

Inferior oblique Medial part of the inferior 
wall

Posterior sclera of the equator inferior 
to the eyeball

Turn the pupils upwards 
and outwards

Oculomotor 
nerve

Superior rectus Common tendinous ring Sclera anterior to the equator of eyeball Turn the pupils upwards 
and inwards

Oculomotor 
nerve

Inferior rectus Common tendinous ring Sclera anterior to the equator of eyeball Turn the pupils downwards 
and inwards

Oculomotor 
nerve

Medial rectus Common tendinous ring Sclera anterior to the equator of eyeball Turn the pupils inwards Oculomotor 
nerve

Lateral rectus Common tendinous ring Sclera anterior to the equator of eyeball Turn the pupils outwards Abducent 
nerve
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5.1.3.4  Adipose Body of Orbit and Orbital Fascia
 1. Adipose Body of Orbit: It is the adipose tissue that fills 

the eyeball, ocular muscles and orbital periosteum, which 
protects and supports various structures in the orbit. There 
are many adipose tissues between the optic nerve and 
various muscles of the eyeball behind the eyeball, and the 
optic nerve forms a relationship similar to that between 
articular head and acetabulum with the eyeball. Therefore, 
the eyeball may do multi-axis movement and reduce the 
impacts of external vibration.

 2. Orbital Fascia: It includes ocular fascial sheathe of eye-
ball, fasciae musculares bulbi, periorbita, and orbital sep-
tum from inside to outside.

 (a) Fascial Sheathe of Eyeball: Also known as Tenon’s 
capsule, it is the thin and dense fibrous tunic between 
the adipose body of orbit and the eyeball. The sheathe 
wraps most of the eyeball, starts from the corneal 
limbus in the front, ends around the optic nerve in the 
back, fuses with the bulbar conjunctiva. Bounded by 
the part where the four recti pass, the fascial sheathe 
of eyeball is divided into two parts, with the front part 
thinner than the back part.

 (b) Fasciae Musculares Bulbi: It is sheathe-shaped and 
wraps the ocular muscles.

 (c) Periorbita: It is a dense connective tissue covering the 
surface of the orbital bone. Except being adhered to 
bones at the orbital margin, orbital fissure, orbital 
foramen, orbital suture, fossa for lacrimal sac, troch-
lear fovea and other positions, it is generally loosely 
attached to the orbital wall and connected to the cere-
bral dura mater by the superior orbital fissure, optic 
canal, anterior orbital canal and posterior orbital 
canal.

The annulus of Zinn is a connective tissue ring 
formed by periorbita at the orbital apex. It is closely 
connected with the tendons at the origins of 4 recti. It 
fuses with the cerebral dura mater at the optic fora-
men. Therefore, the patient will feel painful when the 
eyeball rolls.

 (d) Orbital Septum: As a thin layer of connective tissue 
located between the superior border of upper tarsus 
and the inferior border of lower tarsus, it is con-
nected to superior border and inferior border of the 
orbit, respectively, and extends to the orbital perios-
teum [1, 2].

5.1.4  Nerves and Blood Vessels of Orbit

5.1.4.1  Nerves of Eyes
There are many sources of nerves that innervate the eyes. 
The optic nerve originates from the medial of the posterior 
pole of eyeball, courses backward, passes through the optic 

canal into the middle cranial fossa and is connected to the 
optic chiasma. The oculomotor nerve innervates ocular mus-
cles (superior rectus, inferior rectus, medial rectus, inferior 
oblique), sphincter pupillae and ciliary muscles. The troch-
lea and abducent nerve innervate the ocular muscles. The 
facial nerve innervates the orbicularis oculi muscle of the 
eyelid, its parasympathetic nerve the lacrimal gland, and its 
sympathetic nerve the dilator pupillae muscle. The sensory 
nerve of visual organs mainly comes from the ophthalmic 
nerve branch of the trigeminal nerve.

5.1.4.2  Blood Vessels of Eyes
The ophthalmic artery originates from the internal carotid 
artery, courses in the medial inferior direction of the optic 
nerve in the optic nerve sheath, and enters the orbit through 
the optic canal. It is divided into branches such as central 
retinal artery, short posterior ciliary artery, long posterior 
ciliary artery, anterior ciliary artery, anterior ethmoid artery 
and posterior ethmoidal artery along the way to supply the 
eyeball, ocular muscles, lacrimal gland and eyelid.

Veins of the eye include intraocular veins and extraocular 
veins. Intraocular veins mainly include the central retinal 
vein, vortex vein and anterior ciliary vein. They collect 
venous blood in the orbit and join the superior ophthalmic 
vein and inferior ophthalmic vein with other veins. 
Extraocular veins include superior ophthalmic vein and infe-
rior ophthalmic vein. The former originates from the supe-
rior orbital angle and then enters the cavernous sinus through 
the superior orbital fissure. The latter comes from the diffuse 
vascular plexus at the bottom of the eyelid, is anastomosed 
with the superior ophthalmic vein before entering the cav-
ernous sinus or enters the cavernous sinus alone, and is also 
anastomoses with the pterygoid plexus through the inferior 
orbital fissure [1, 2].

5.2  CT Imaging Anatomy

According to the CT image, the orbital bone shows a high 
density; the eyeball wall, lacrimal gland, extraocular muscle 
and optic nerve show an equidensity; and the lens shows a 
homogeneous high density, exactly like calcification and 
with a CT value of up to 120 ~ 140HU; the vitreous body 
shows a slight low density; the capsula adiposa bulbi shows 
a low density; and the muscle belly of extraocular muscle is 
thicker than the tendon and the Zinn common tendinous ring.

The eyeball is approximately spherical, and the average 
anteroposterior diameter of the eyeball of a normal adult is 
about 24 mm. The eyeball is located in the front of the orbit. 
The eyeball wall, also known as eye ring, shows a uniform 
ring shadow of the soft tissue density. Therefore, CT cannot 
distinguish the layers of the eyeball wall. The lens is bicon-
vex disc-shaped, with the iris in the front and the vitreous 

5 Imaging Anatomy of Eye



36

body at the back. Containing a lot of protein, the lens has the 
highest CT value in human soft tissues. The vitreous body is 
water-like and of low density. It is located between the lens 
and the retina, of which water takes up about 99% [7].

5.2.1  Transverse Plane of Orbit

Most of the intraorbital and middle cranial fossa structures 
can be shown on the transverse plane. On the same level, the 
medial wall and the lateral wall can be shown in the bone 
window. The medial rectus, lateral rectus, optic nerve and so 
on can be shown in the standard window in addition to the 
superior ocular vein, which can be clearly shown. However, 
it is difficult to completely show the superior rectus, the infe-
rior rectus the superior oblique and the inferior oblique on 
the same level. The orbital roof wall and the inferior wall 
shall also be continuously observed on multiple levels. The 
superior orbital fissure, inferior orbital fissure and optic canal 
can also be observed in the orbital apex region (Fig. 5.1).

5.2.2  Coronal Plane of Orbit

The image of coronal plane can clearly show the planes of 
four orbital walls, extraocular muscle, optic nerve and others 
at the same level. In addition, it can also show various fora-
mens and fissures in the orbital apex region better than the 
transverse plane. The superior orbital fissure and the inferior 
orbital fissure have an “8”-shaped structure. The superior 
orbital fissure separates the greater wing and lesser wing of 
sphenoid bone. The inferior orbital fissure is located between 
the orbital plate of the greater wing of sphenoid bone and 
that of the maxilla. The optic canal is enclosed by the two 
roots of the lesser wing of sphenoid bone and the superolat-
eral part of corpus sphenoidale. The levator palpebrae supe-
rioris is close to the superior rectus and located above it. it is 
difficult to completely distinguish the posterior part of mus-
cle belly, which is thus collectively called as the supraocular 
muscle group. The inferior small round shadow is the supe-
rior ophthalmic vein. The superior oblique can be seen above 
the medial rectus. Unilateral or bilateral symmetrical punc-
tate calcification can be seen at the point near the medial wall 
on the anterior layer of the upper quadrant of the orbit. It is 
the ossified trochlear fibrous cartilage at which the superior 
oblique muscle turns backward to the lateral side. At the 
equatorial level of the eyeball, the inferior oblique coursing 
from the superolateral side to the medial inferior side can be 
observed between the eyeball and the inferior wall, above 
which the plane of the inferior rectus tendon can be seen. At 
the posterior level of the eyeball, the central space sur-
rounded by four recti and the superior oblique can be seen, 
where the optic nerve passes through with the ophthalmic 

artery coursing along with it. The fine punctate shadow on 
the lateral side of the inferior rectus is the inferior ophthal-
mic vein (Fig. 5.2).

5.2.3  Optic Canal

The optic foramen is located at the apex of the superior wall. 
Formed by two roots of the lesser wing of sphenoid bone, it 
extends backward to the medial side to form the optic canal 
and then reaches the middle cranial fossa. The optic nerve, 
ophthalmic artery and the sympathetic nerve pass through 
the 4 ~ 9 mm long and 4 ~ 6 mm wide optic canal (Fig. 5.3).

5.3  MR Imaging Anatomy

On MR images, the bone cortex of orbital wall shows no 
signal, both the bone marrow cavity and the capsula adi-
posa bulbi show hyperintense, and blood vessels in the 
orbit show flow void. T1WI: The eyeball wall, extraocular 
muscle, optic nerve and so on show isointense; the lens 
shows isointense and hypointense, and the vitreous body 
shows hypointense. The eyelid contains fat and shows 
hyperintense. The fibrous orbital septum shows hypoin-
tense. T2WI: The eyeball wall and the extraocular muscle 
show hypointense; the optic nerve shows slightly hypoin-
tense or isointense; the lens extremely hypointense; the vit-
reous body hyperintense, and the subarachnoid space 
hyperintense. The iris has a sub- millimeter- level thickness, 
making it unclear on MRI images. The 0.2 ~ 0.3 mm thick 
retina is indistinguishable from the choroid. The supraocu-
lar vein originates under the trochlear and is anastomosed 
with the angular vein as an extension of the nasofrontal 
vein. Continuing at the posterior side of the eye, it is ini-
tially at the anteromedial side to the optic nerve and then 
enters the superior orbital fissure at the posterolateral side 
of ophthalmic artery. The lacrimal gland, located in the 
superolateral part of the eyeball, shows isointense on T1WI 
and hypointense on T2WI (Figs. 5.4, 5.5, and 5.6).

On the enhanced T1WI image of fat suppression, the iris, 
ciliary body and choroid show marked enhancement, the 
retina is unclear, and the sclera containing fibrous structure 
shows hypointense. Both the extraocular muscle and the lac-
rimal gland show homogeneous marked enhancement. The 
optic nerve is not enhanced, and the capsula adiposa bulbi 
shows no signal due to adopting the fat pressure technique.

The T2WI fat-suppressed sequence of coronal plane can 
be used to show the optic nerve and its surrounding sub-
arachnoid space better. The intraorbital segment of the optic 
nerve shows hypointense, and its surrounding subarachnoid 
space shows hyperintense. It is difficult to observe the intra-
vascular segment and the intracranial segment.
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Fig. 5.1 CT images of the transverse plane of orbit. (a, c, e) Images of 
the soft tissue window of orbit; (b, d, f) Images of bone window. 1. 
Sphenoid sinus 2. Inferior rectus; 3. Ethmoidal sinus; 4. Zygomatic 
bone; 5. Temporal bone; 6. Pterygopalatine fossa; 7. Lens; 8. Temporal 
fossa; 9. Sclera; 10. Medial rectus; 11. Lateral rectus; 12. Optic nerve; 

13. Superior ophthalmic vein; 14. Superior rectus; 15. Superior orbital 
fissure; 16. Inferior orbital fissure; 17. Optic canal; 18. Frontal sinus; 
19. Lacrimal gland; 20. Vitreous body; 21. Anterior clinoid process; 22. 
Trochlea
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Fig. 5.2 CT images of the coronal plane of orbit. (a, c, e) Images of the 
soft tissue window of orbit; (b, d, f) Images of the coronal plane of bone 
window. 1. Medial rectus; 2. Lateral rectus; 3. Inferior rectus; 4. 
Superior rectus and levator palpebrae superioris; 5. Lacrimal gland; 6. 
Infraorbital foramen; 7. Maxillary sinus; 8. Olfactory sulcus; 9. Vitreous 

body; 10. Sclera; 11. Zygomatic bone; 12. Roof wall; 13. Nasal septum; 
14. Middle turbinate; 15. Inferior turbinate; 16. Ethmoidal sinus; 17. 
Optic nerve; 18. Superior ophthalmic artery; 19. Superior oblique; 20. 
Anterior cranial fossa; 21. Middle cranial fossa; 22. Inferior orbital fis-
sure; 23. Pterygomaxillary fissure; 24. Orbital apex; 25. Temporal lobe
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c

Fig. 5.3 CT images of optic canal. (a) Coronal image of soft tissue 
window; (b) Coronal image of bone window; (c) Image of bone win-
dow of long-axis reconstruction. 1. Orbital process of frontal bone; 2. 

Optic canal; 3. Sphenoid sinus; 4. Sphenoid bone; 5. Foramen rotun-
dum; 6. Pterygoid process; 7. Inferior wall; 8. Anterior clinoid process

Fig. 5.4 MRI images of the transverse plane of orbit. (a, c, e) images 
of transverse plane of orbit on T2WI; (b, d, f) Images of fat suppression 
on T2WI. 1. Inferior rectus; 2. Zygomatic bone; 3. Lacrimal sac; 4. 
Temporalis; 5. Temporal bone; 6. Trigeminal ganglion; 7. Temporal 
lobe; 8. Sphenoid sinus; 9. Ethmoidal sinus; 10. Internal carotid artery; 

11. Optic nerve; 12. Medial rectus; 13. Lateral rectus; 14. Vitreous 
body; 15. Lens; 16. Ciliary body; 17. Lacrimal gland; 18. Posterior 
orbital fat; 19. Hypophysial fossa; 20. Pituitary stalk; 21. Ophthalmic 
artery; 22. Superior ophthalmic vein; 23. Superior rectus; 24. Optic chi-
asma; 25. Frontal lobe; 26. Middle cerebral artery

a b
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Fig. 5.4 (continued)
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Fig. 5.5 MRI images of the coronal plane of orbit. (a, c, e) Images of 
fat suppression on T2WI; (b, d, f) Images of fat suppression on T1WI. 1. 
Inferior rectus; 2. Medial rectus; 3. Lateral rectus; 4. Superior rectus 
and levator palpebrae superioris; 5. Superior oblique; 6. Optic nerve; 7. 

Frontal lobe; 8. Ethmoidal sinus; 9. Sphenoid sinus 10. Superior oph-
thalmic vein; 11. Lacrimal gland; 12. Vitreous body; 13. Posterior 
orbital fat; 14. Ophthalmic artery; 15. Inferior oblique; 16. Sclera
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Fig. 5.6 Oblique sagittal MRI images of orbit. (a) Image of fat suppression on T2WI; (b) Image of fat suppression on T1WI. 1. Optic nerve; 2. 
Superior rectus; 3. Inferior rectus; 4. Vitreous body; 5. Lens; 6. Ciliary body; 7. Anterior chamber; 8. Frontal lobe; 9. Maxillary sinus; 10. Sclera
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Imaging Anatomy of Ear

Yubo Lyu and Xinjiang Liu

6.1  Foundation of Imaging Anatomy

6.1.1  Overview

The aural region includes outer ear, middle ear and inner ear. 
The outer ear is composed of the auricle as well as the carti-
laginous part and bony part of external auditory canal. The 
middle ear is composed of tympanic cavity, auditory tube, 
tympanic antrum and mastoid process. The inner ear is com-
posed of cochlea, vestibule, and semicircular canal. The 
middle ear and the inner ear lie within the temporal bone.

6.1.2  Main Anatomic Parts of Aural Region

6.1.2.1  Gross Anatomy of Temporal Bone
Important anatomical structures of the aural region lie within 
the temporal bone between the parietal bone, the sphenoid 
bone and the occipital bone. It participates in the formation 
of the skull base and the lateral wall of the cranial cavity and 
is connected to the mandible through the temporal- 
mandibular joint. The temporal bone is irregularly shaped, 
with internal structures overlapping each other and having 
different directions and positions are different. This makes 
the anatomic relationship extremely complicated. Taking the 
external auditory canal as center, it can be divided into five 
parts: squamous part, petrous part, tympanic part, mastoid 
portion, and styloid process.

 1. Squamous Part. It mainly constitutes the lateral wall of 
the middle cranial fossa but also a small part of the supe-
rior wall and posterior wall of the bony part of the exter-
nal auditory canal. Located in the anterosuperior 
direction, it resembles fish scales. Its lateral surface, also 
known as the temporal surface, is involved in forming the 
medial wall of the temporal fossa and attached by the 
temporalis muscle. The parietal border is connected with 
the parietal bone, and the joint is called as the squamous 
suture. The sphenoidal margin forms the pterion together 
with the parietal bone, frontal bone and greater wing of 
sphenoid bone. The posterior border of the squamous part 
of temporal bone connects the parietal bone and the 
occipital bone, with the joints called as the parietomas-
toid suture and the occipitomastoid suture, respectively. 
There is a zygomatic process below the anterior part, and 
the posterosuperior curved line of the process is the tem-
poral line. The temporal line is the posterior boundary of 
the point which the temporalis is attached to, and is 
attached with the temporal fascia. The squamous part and 
the mastoid portion meet at the point about 1 cm below 
the temporal line. The zygomatic process extends for-
ward horizontally and is connected with the temporal 
process of zygomatic bone to form the zygomatic arch. 
The posterior root of zygomatic arch, the extension line 
of the anterior border of mastoid process and the poste-
rior wall of external auditory canal form the superior tri-
angle of external auditory canal, which is the lateral wall 
of mastoid antrum. The deep surface of zygomatic arch is 
the temporal fossa which is filled with temporalis. The 
inner surface of the squamous part of temporal bone, also 
known as the cerebral surface, is uneven, and the coursing 
of anterior and posterior branches of the sulcus for the 
middle meningeal artery is visible.

 2. Petrous Part. Located at the skull base and of the cone 
shape, the petrous part, also known as petrous pyramid, 
includes the inner ear, internal auditory canal and petrous 
apex. The bone of the petrous part has a density between 
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those of occipital bone and sphenoid bone and inclines 
from the posterolateral side to the anteromedial side. It is 
the attachment point of the lateral border of tentorium of 
cerebellum, and also the mark of the boundary between 
middle cranial fossa and posterior cranial fossa. The 
petrous part contains vestibulocochlear organ, facial 
never canal, facial nerve, carotid canal and so on. It con-
sists of anterior surface, posterior surface, inferior sur-
face, an apex and a base. The base of petrous part of 
temporal bone is continued by the squamous part and the 
mastoid portion. Facing the anteromedial side, the apex 
of the petrous part of temporal bone constitutes the poste-
rior wall of foramen lacerum. It is located between the 
occipital bone and the greater wing of sphenoid bone and 
has the internal opening of carotid canal. The anterior 
surface of the petrous part of temporal bone is the poste-
rior part of middle cranial fossa. It is connected to the 
inner surface of squamous part by the petrosquamosal 
suture. The posterior surface of petrous part faces the pos-
terior fossa, and is connected to the medial surface of 
mastoid portion, with the internal acoustic pore near the 
central part. It is connected to the about 1 cm long inter-
nal auditory canal where the facial nerve, vestibuloco-
chlear nerve and labyrinthine artery pass. The inferior 
surface of petrous part is uneven. It forms a part of the 
external surface of skull base, with the external aperture 
of carotid canal near the central part.

 3. Tympanic Part. The tympanic part is also called as tym-
panic bone. The tympanic part of temporal bone of an 
adult is a “U”-shaped structure which constitutes most of 
the anterior, inferior, and posterior walls of the bony part 
of external auditory canal. The tympanic ring is on the 
medial side of tympanic bone, the inferior side of squa-
mous part and the anterior side of mastoid portion. As a 
curved osteocomma, it constitutes the bony parts of exter-
nal acoustic pore and external auditory canal The narrow 
groove on its medial side is called as tympanic sulcus. It 
is attached by the tympanic membrane. The lateral side of 
superior border is continued by the posterior wall of man-
dibular fossa, and its medial side by that of petrotympanic 
fissure. With thin medial part and thick lateral part, the 
inferior border houses the styloid process. The lateral 
border is attached by auricular cartilage. The medial bor-
der is combined with the petrous part, squamous part, and 
mastoid portion to form the anterior wall of tympanomas-
toid fissure. The external auditory canal, about 2 cm long, 
inclines from the posterolateral to the anteromedial side, 
with the middle part slightly convex. The inferior part of 
its anterior, inferior, and posterior walls is the tympanic 
part, and the superior part of its superior and posterior 
walls is the squamous part. The fundus of the external 
auditory canal is closed by the tympanic membrane, the 
upper boundary of external acoustic pore is the posterior 

root of the zygomatic process, and the suprameatal spine 
is under the root.

 4. Mastoid Portion. The mastoid portion is located on the 
posteroinferior side of squamous part of temporal bone. It 
begins to develop after birth. The mastoid portion gradu-
ally extends downward and becomes round and pointed 
to form a mastoid. Its lateral surface is rough and attached 
with occipitalis and posterior auricular muscle attached. 
There are many small foramens on the lateral surface. 
The mastoid foramen is the largest one, where the emis-
sary vein runs to the transverse sinus or a branch of the 
occipital artery runs. The mastoid process varies in size, 
with that of a male generally larger than that of a female. 
It is the insertion of sternocleidomastoid. There are vary-
ing numbers and various sizes of mastoid cells in the 
mastoid process. Generally, mastoid cells in the superior 
part are larger and contain air, and then become smaller 
and smaller towards inferior part until becoming the 
smallest and containing marrow near the apex. Some per-
sons have no mastoid cell, and their mastoid processes are 
solid. There are mastoid sinuses in the superior part of 
mastoid process. Their sinus cavities are large and irregu-
lar, and connected to mastoid cells on the inferior side 
and the epitympanum on the anterior side. The superior 
boundary of mastoid antrum is the tegmen tympani which 
is adjacent to the middle cranial fossa; the inferior bound-
ary the mastoid process; the lateral boundary the superior 
triangle of external auditory canal; and the medial bound-
ary the horizontal semicircular canal. There is a groove 
for sigmoid sinus on the medial surface of mastoid pro-
cess, which is separated from the adjacent mastoid cell 
only by a thin bone plate.

 5. Styloid Process. Located on the inferior side of tympanic 
part, it is a slender bony structure anteroinferiorly extend-
ing from the tympanic part. With a variable length, the 
styloid process extends from the inferior side of temporal 
bone to the anteroinferior side. It is attached by stylohy-
oid ligament, stylomandibular ligament, styloglossus, 
stylopharygeal muscle and stylohyoid muscle. The stylo-
hyoid ligament is connected to the lesser horn of hyoid 
bone. Sometimes the ligament can be partially or com-
pletely ossified.

6.1.2.2  Regional Anatomy of Temporal Bone
 1. Tympanic Cavity. It consists of attic, mesotympanum, 

and hypotympanum. The attic, also known as epitympa-
num, is the part above the level of the superior border of 
partes tensa of tympanic membrane, with the tegmen 
tympani as its top and the line connecting tympanic scu-
tum to tympanic segment of facial nerve as its bottom. 
The mesotympanum, also known as inherent tympanic 
cavity, refers to the tympanic cavity between the planes 
on superior and inferior borders of the partes tensa of 
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tympanic membrane, which is the area between the line 
connecting superior tympanic scutum and the tympanic 
segment of facial nerve and that connecting the inferior 
tympanic ring to the promontory of cochlea. The hypo-
tympanum refers to the part below the level of the inferior 
border of partes tensa of tympanic membrane, which is 
the area between the line connecting the tympanic ring to 
the promontory of cochlea and the bottom wall of tym-
panic cavity.

The tympanic cavity has anterior, posterior, superior, 
inferior, lateral, and medial walls. The lateral wall is the 
tympanic membrane, with its upper 1/4 part as the pars 
flaccida, its lower 3/4 part as the partes tensa, and its cen-
ter as the umbo of tympanic membrane. The superior wall 
is also known as the tegmen tympani, which is a thin bone 
plate. The inferior wall is the jugular wall, which is iso-
lated from the inferior jugular vein by a thin bone plate. 
The anterior wall is the carotid wall, i.e., the posterior 
wall of carotid canal. The superior part is the junction 
between the petrous part of temporal bone and the squa-
mous part. The semicanal of tensor muscle of tympanic 
membrane is located in the superior part, and that of the 
auditory tube on the inferior side. The posterior wall is 
the mastoid wall, with the entrance to mastoid antrum in 
the superior part. The medial wall is the labyrinthine wall 
and also the lateral wall of the vestibular portion of the 
inner ear. There is a round bulge in the middle of the wall, 
which is called as promontory. The posterosuperior part 
of the promontory is the vestibular window (oval win-
dow). The posteroinferior part of the promontory is the 
cochlear window (round window). The posterosuperior 
arcuate protuberance of the vestibular window is called 
eminentia fallopii, which contains the facial nerve.

There are three ossicles in the tympanic cavity, namely 
malleus, incus, and stapes.

The malleus is the largest of the three ossicles. It is 
divided into three parts: the head, the neck and the han-
dle. The head of malleus, as an enlarged part of the supe-
rior extremity, is located in the attic. There is a long 
saddle-shaped articular surface on the posteromedial sur-
face, which forms the incudomalleolar joint together with 
the saddle-shaped joint on the lateral side of the body of 
incus. The interior part of the head of malleus is slightly 
thinner, which is the neck of malleus. There is a long pro-
cess on the lateral side of the neck as well as a protruding 
short process (lateral process) at the junction of neck and 
handle. The thin flat part below the neck of malleus is the 
manubrium mallei. The bicuspid incus is between the 
incus and the stapes. It consists of body of incus, long 
crus and short crus. The body of incus is located in the 
attic. Its anterior surface forms the incudomalleolar joint 
with the head of malleus. The short crus of incus is about 
5 mm long. The end of the long crus of incus is slightly 

enlarged, which is called as the lenticular process. It 
forms the incudostapedial joint with the head of stapes. 
The stirrup-shaped stapes are the smallest of the ossicles 
and located at the innermost end of the ossicles. It is 
divided into head, neck, anterior crus, posterior crus and 
base (or foot plate). The head of stapes has great size and 
shape variations. Its top is a concave articular surface, 
which forms the incudostapedial joint with the lenticular 
process of incus. The neck of stapes is short, making it 
difficult to identify it sometimes. The anterior crus is 
thinner, shorter, and straighter than the posterior crus, 
which is relatively longer and more curved. The size and 
shape of the base of stapes are equivalent to those of the 
vestibular window.

The auditory tube is the passage between the tympanic 
cavity and the nasopharynx. It can be divided into the 
anteromedial cartilaginous part and posterolateral bony 
part. Generally, the cartilaginous part accounts for about 
2/3 of the length of the auditory tube, while the bony part 
about 1/3 of the full length of the auditory tube. The isth-
mus of auditory tube is at their junction. The auditory 
tube of an adult is long and inclined, while that of a child 
is short, thick, and horizontal.

 2. Inner Ear. The inner ear, also known as the labyrinth, is 
located in the petrous part of the temporal bone. It con-
sists of the bony tube and the membranous tube on its 
deep surface, namely, bony labyrinth and membranous 
labyrinth.

 (a) Bony Labyrinth: Consisting of dense bones, It is 
composed of the vestibule, cochlea, and semicircular 
canal from the lateral side to the posterior side. The 
lateral wall of the vestibule is the medial wall of the 
tympanic cavity. The medial wall is aligned with the 
internal acoustic canal to form the base of the latter. 
The vestibule communicates anteriorly with the 
cochlea and posterosuperiorly with the semicircular 
canals by five foramens. The vestibular aqueduct is a 
curved duct in the temporal bone, which is located on 
the posterolateral side of the internal acoustic pore. It 
houses a part of ductus endolymphaticus and endo-
lymphatic sac. Bony semicircular canal is three semi-
circular canals, namely lateral (horizontal), superior 
(anterior) and posterior semicircular canals. The 
three semicircular canals are perpendicular to each 
other. Each semicircular canal has two ends, with the 
enlarged one called as the ampulla and another end 
called as single crus. The single crus of the lateral 
semicircular canal and that of the posterior semicir-
cular canal form a crus commune. Therefore, the 
three semicircular canals communicate with the ves-
tibule by five foramens. The cochlea is formed by the 
cochlear spiral canal wrapping the modiolus by 2.5 to 
2.75 turns (or circles), with its bottom as the basal 

6 Imaging Anatomy of Ear



46

turn (circle), the middle as the middle turn (circle) 
and the top as the apical turn (circle). The osseous 
spiral lamina originating from the modiolus extends 
into the cochlear spiral canal without reaching its lat-
eral wall. The basement membrane continuing the 
osseous spiral lamina reaches the lateral wall to 
divide the cochlear spiral canal into superior and 
inferior parts. The superior part is divided into two 
cavities by the vestibular membrane. Therefore, there 
are three lumens in the cochlear spiral canal, namely, 
the vestibular scale in the superior part; the cochlear 
duct in middle, which is also known as the scala 
media (a membranous labyrinth); and the scala tym-
pani in the inferior part. There is a cochlear window 
at the origin of the scala tympani, which is closed by 
the cochlear window membrane (also called the sec-
ond tympanic membrane). The cochlear aqueduct has 
an opening (internal opening) near the point to which 
the cochlear window membrane is attached to and an 
external opening in the triangular fovea on the medial 
side of jugular foramen crest under the petrous part. 
The perilymph of scala tympani communicates with 
the subarachnoid space via the cochlear aqueduct.

 (b) Membranous Labyrinth: The membranous labyrinth 
is a membranous duct and capsule located in the 
bony labyrinth. Its diameter is smaller than that of the 
bony labyrinth. It consists of the utricle and saccule 
in the vestibule; the membranous semicircular duct 
of bony semicircular canal, which communicates 
with the utricle via five foramens; and the cochlear 
duct in the cochlear spiral canal. The utricle and the 
saccule extend out a small duct, respectively, which 
then merge into the endolymphatic duct, with the end 
expanding into the endolymphatic sac. The endolym-
phatic duct lies in the vestibular aqueduct. A small 
part of the endolymphatic sac lies in the distal seg-
ment of the vestibular aqueduct, which is called as 
the internal part of bone. Its wall has abundant folds, 
which is also called as the rough part of the endolym-
phatic sac. At the external aperture of the vestibular 
aqueduct, the endolymphatic sac migrates into the 
cerebral dura mater part posterior to the petrous part 
of temporal bone, which is also called as the lateral 
part of the bone. Because its wall is smooth and the 
cystic cavity is flat, it is also called as the smooth 
part.

 3. Facial Nerve. It consists of five segments, including 
intracranial segment, internal auditory canal segment, 
labyrinthine segment, tympanic segment and mastoid 
segment.

The intracranial segment originates from the pontope-
duncular area, courses through the cerebellopontine angle 

pool, and inserts at the internal acoustic pore. It contains 
motor fiber and sensory fiber. The 10–14 mm long motor 
fiber takes up 70%.

The internal auditory canal segment is a facial nerve 
area from the internal acoustic pore to the fundus of the 
internal auditory canal. It is 7–8 mm long. The first and 
second segments of the facial nerve are accompanied by 
the vestibulocochlear nerve and the labyrinthine artery 
branch (internal auditory artery) of the basilar artery. It is 
extremely easy for the cochlear nerve tumor here to com-
press the facial nerve to produce infranuclear facial 
paralysis.

The labyrinth segment is the shortest segment, only 
2.5–3  mm long. It courses laterally to slightly incline 
anteriorly and then reaches the geniculate ganglion 
between vestibule and the cochlea.

The facial nerve in the tympanic segment is also called 
as the horizontal segment. It turns posteriorly from the 
geniculate ganglion and slightly inferiorly, and finally 
reaches the posterior wall of tympanic cavity via the pos-
terosuperior part of the vestibular window of the medial 
wall of tympanic cavity. It is the most vulnerable site for 
otitis media lesions and surgery. The segment of facial 
nerve is 8–12 mm long. The facial nerve of tympanic seg-
ment turns from the horizontal plane to the vertical plane 
and then enters the mastoid process. It bends into an angle 
of 110°–127° opening forward, and the turning knee is 
2–3 mm long.

The facial nerve of the mastoid segment originates 
from the point 1–2 mm inferior to the cone bulge, or its 
superior extremity lies inferiorly to the posterior extrem-
ity of the lateral semicircular canal, which is equivalent to 
below the short crus of incus and the plane of cone bulge, 
and then extends inferiorly to the stylomastoid foramen. 
The facial nerve of the mastoid segment is fully 15–20 mm 
long.

 4. Mastoid Antrum and Mastoid Cell. The mastoid antrum 
lies posterior to the epitympanum and communicates 
with the mastoid cells posteroinferiorly. Mastoid cells are 
formed by gasification of the spongy bone in the mastoid 
portion. The mucosa of this part is continuous with the 
mucosa of mastoid antrum and tympanic cavity. 
Therefore, the inflammation of middle ear can invade this 
part through the mastoid antrum and cause mastoiditis.

6.1.2.3  Common Developmental Variations
 1. Mastoid Process. The imaging findings are related to the 

type of mastoid process. The mastoid process can be clas-
sified into pneumatic type, diploetic type, sclerotic type 
and mixed type according to the gasification degree of the 
mastoid [1]. (1) The mastoid process of pneumatic type is 
characterized by transparent and clear mastoid cells, 
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complete and sharp septa, and varying sizes of mastoid 
cells, with those close to the border and especially apex of 
the mastoid process larger. (2) The mastoid process of 
diploetic type is characterized by small and numerous air 
cells, thick air cell septum, thick lateral bone, and diploe 
structure resembling the skull. (3) The mastoid process of 
sclerotic type is characterized by undeveloped air cells 
and dense bone. (4) The mastoid process of mix type is 
between the diploetic type and the pneumatic type.

 2. Anteriorly Placed Sigmoid Sinus. Axial CT shows that 
the sigmoid sinus plate is less than 1 cm away from the 
posterior wall of external auditory canal. It is the antepo-
sition of sigmoid sinus. The anteriorly placed sigmoid 
sinus usually occurs in the mastoid process of sclerotic 
type, which can easily cause massive hemorrhage if being 
touched during surgery.

 3. Low Tegmen Tympani. The coronal CT image shows 
that the superior tegmen tympani is less than 5 mm away 
from the superior border of the porus acusticus externus, 
prompting the inferior position of tegmen tympani. In 
case of failure to realize the development characteristics 
of tegmen tympani during operation, it is easy to destroy 
the tegmen tympani at the bottom of middle cranial fossa 
and then cause intracranial complications [2].

 4. High Jugular Bulb. The axial CT image shows that the 
highest level of the jugular bulb exceeding the basal turn 
of the cochlea, the upwardly protruding part having the 
same density as and connected to the jugular vein, as well 
as Smooth and undestroyed surrounding bone structure. 
The MRI image shows eddy current signals of blood.

6.2  CT Imaging Anatomy

6.2.1  CT Imaging Anatomy of Transverse 
Plane

 1. Semicircular Canal Level of Anterior Bone. Cross- 
sectional images of anterior crus and posterior crus of the 
anterior semicircular canal can be seen in the bone of 
petrous part of temporal bone, showing two small punctate 
low-density shadows. A fine tubular fossae subarcuata can 
be seen between anterior crus and posterior crus, in which 
the subarcuate lies. The posterior crus of the anterior semi-
circular canal and the superior crus of the posterior semi-
circular canal are a common crus, i.e., common bony crus. 
The superior crus and inferior crus of the posterior semicir-
cular canal are shown as linear tube shadows (Fig. 6.1a) on 
the adjacent level. Three punctate tube sections are shown 
on lower levels, which are the anterior crus of the anterior 
semicircular canal, the common bony crus, and the arc part 
of the posterior semicircular canal [3, 4].

 2. Semicircular Canal Level of Lateral Bone. The lateral 
semicircular canal is shown as a ring structure. Its medial 
side is connected with the vestibule, the anterior part on 
the lateral side is the superior attic which is connected to 
the mastoid antrum via the entrance to mastoid antrum, 
and the posterior round punctate shadow is the posterior 
semicircular canal. The tubular structure inclining antero-
lateral between the medial superior part of vestibule and 
the basal turn of cochlea is the labyrinthine segment of 
facial nerve canal. It is anteriorly connected to the genic-
ulate nerve fossa, and the thicker inner tubular structure is 
the internal auditory canal (Fig. 6.1b).

 3. Vestibular Window Level. Two bony structures can be 
seen in the tympanic cavity. The anterior round bone 
structure is the head of malleus, and the posterior triangu-
lar structure is the body of incus and the short incus of 
incus. The head of malleus and the body of incus form the 
incudomalleolar joint. The anterolateral linear low- 
density shadow is the tensor of tympanic membrane, and 
the linear structure on the superior level is the tympanic 
segment of facial nerve canal. The medial elliptical low- 
density shadow is the vestibule, and its lateral side com-
municates with the bone absence area of tympanic cavity, 
i.e., the vestibular window, which is closed by the stapes 
footplate. The internal auditory canal is on the medial 
side of vestibule, and the basal and middle turns of 
cochlea on the anterior side. The common bony crus 
entering the vestibule can be seen in the posterior part of 
the vestibule, the punctate cross-section shadow of poste-
rior semicircular canal can be seen in the posterolateral 
part, and the posteromedial linear low-density shadow is 
the vestibular aqueduct (Fig. 6.1c).

 4. Cochlea Level. This level of cochlea is spiral. The antero-
lateral isodensity line shadow of cochlea is the tensor of 
tympanic membrane, and the lateral part of tensor tendon 
of periosteum being connected to the manubrium mallei 
by the tensor tendon of tympanic membrane can be seen at 
the superior level. The bony structure of the basal turn of 
cochlea, which protrudes from the basal turn of cochlea 
into the tympanic cavity, is called as the promontory. After 
the basal turn of cochlea is connected with, the posterior 
bone absence area is the cochlear window. Two bony 
structures can be seen in the medial part of tympanic cav-
ity, including the anterior punctate structure as the section 
of the neck of malleus and the linear structure as the long 
crus of incus. The medial bony bulge of the posterior wall 
of tympanic cavity is called as the pyramidal eminence, 
the medial recess of which is called as the sinus tympani 
or pyramidal recess. The posteromedial linear low-density 
shadow of pyramidal recess is the inferior crus of poste-
rior semicircular canal, and the vestibular aqueduct and its 
opening can be seen in its posterior part (Fig. 6.1d)
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Fig. 6.1 Imaging anatomy of CT transverse plane of ear. (a) CT ana-
tomic image of anterior semicircular canal level; (b) CT anatomic 
image of lateral semicircular canal level; (c) CT anatomical image of 
vestibular window level; (d) CT anatomic image of cochlea level; (e) 
CT anatomic image of carotid canal level; 1. Anterior semicircular 
canal; 2. Fossae subarcuata; 3. Common bony crus; 4. Posterior semi-
circular canal; 5. Lateral semicircular canal; 6. Internal auditory canal; 
7. Cochlea; 8. Labyrinthine segment of facial nerve canal; 9. Geniculate 

ganglion; 10. Vestibule; 11. Attic; 12. Entrance to mastoid antrum; 13. 
Mastoid antrum; 14. Tensor tympani; 15. Head of malleus; 16. Body of 
incus; 17. Vestibular window; 18. Vestibular aqueduct; 19. Round win-
dow; 20. Promontorium tympani; 21. Neck of malleus; 22. Long crus of 
incus; 23. Facial nerve recess; 24. Pyramidal eminence; 25. Sinus tym-
pani; 26. Internal carotid artery; 27. Auditory tube; 28. Cochlear 
aqueduct
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 5. Carotid Canal Level. The lateral oblique air-filled canal 
structure of carotid canal is the auditory tube, the opening 
of which is the tympanic cavity; the lateral tubular air- 
filled structure is the external auditory canal, and the 
 posterior air-filled cell-like structure is the mastoid air 
cell. The petrous part of temporal bone inclines from the 
posterolateral side to the anteromedial thick tubular struc-
ture, which is the carotid canal, and the posterior round 
low-density shadow is the jugular bulb. The flared struc-
ture between them is the opening of cochlear aqueduct 
(Fig. 6.1e).

6.2.2  CT Imaging Anatomy of Coronal Plane

 1. Petrous Apex Level. The section of the elliptical tubular 
structure of the petrous apex part is the carotid canal. The 
lateral punctate low-density shadow is the tensor tym-
pani, the more lateral air-filled tube is the auditory tube, 
and the most lateral part is the temporal-mandibular joint 
(Fig. 6.2a).

 2. Cochlea Level. The head and neck of malleus as well as 
the manubrium mallei can be seen in the tympanic cavity. 
The spiral structure of the petrous part of temporal bone 
is the cochlea [5], and two punctate low-density shadows 
can be seen in the anterolateral part of the cochlea, which 
are the labyrinthine segment of facial nerve canal and the 
tympanic segment, respectively. The tensor tympani is 
visible inferiorly to the tympanic segment of facial nerve, 
and the connection between tensor tympani and neck of 
malleus is visible. The lateral wall of the attic extends in 
the medial inferior direction as a scutum, and the space 
formed by it with the head and neck of malleus is called 
the Prussak space (Fig. 6.2b).

 3. Vestibular Window Level. The vestibule is connected to 
the anterior crus of anterior semicircular canal superiorly, 
the horizontal semicircular canal laterally, and the basal 
turn of cochlea inferiorly. The medial low-density shadow 
in the dense bone of the petrous part of temporal bone is 
the vestibule, and the lateral bone structure absence part 
is the vestibular window. The inferior punctate low- 
density shadow of the horizontal semicircular canal is the 
tympanic segment of the facial nerve canal, and the 
medial tubular structure of the vestibule is the internal 
auditory canal (Fig. 6.2c).

 4. Cochlear Window Level. The inferior bone absence area 
of the vestibule is the cochlear window, the punctate 
high-density structure in the superior dense bone of the 
vestibule is the arch of the anterior semicircular canal, the 
lateral size is connected to the horizontal semicircular 

canal, the superolateral air-filled structure is the entrance 
to mastoid antrum, and the medial part of the vestibule is 
the internal auditory canal (Fig. 6.2d).

 5. Common Bony Crus Level. The vertical tubular struc-
ture in the middle of the dense bone is the shared crus 
(common bony crus) of the anterior semicircular canal 
and the posterior semicircular canal. The inferior medial 
tubular structure is the cochlear aqueduct, and the larger 
lateral bony depression area is called as the jugular bulb. 
The lateral horizontal tubular structure is the horizontal 
semicircular canal, and the superior linear structure is the 
fossae subarcuata. Two small punctate low-density shad-
ows can be seen in the petrous part of temporal bone. 
There are cross-sectional images of anterior crus and pos-
terior crus of the anterior semicircular canal, respectively. 
A tubule shadow coursing wards and forwards can be 
seen between anterior crus and posterior crus, which is 
called as the fossae subarcuata where the subarcuate 
courses (Fig. 6.2e).

 6. Level of Mastoid Segment of Facial Nerve Canal. The 
tubular structure coursing vertically in the middle is the ver-
tical segment of the facial nerve canal, that is, the mastoid 
segment. Its two medial superior high-density punctate 
structures are cross-sections of the posterior semicircular 
canal which is in the arc-shaped line pattern as observed 
and where the medial sigmoid sinus can be seen.

6.3  MR Imaging Anatomy

In the structure of aural region, the middle ear is composed 
of air and bone structures, which shows no signal shown on 
the MRI image. The lymphatic fluid of membranous laby-
rinth of inner ear and the cerebrospinal fluid of internal audi-
tory canal show hyperintense on T2WI, and the nerve shows 
isointense. In the T2WI transverse plane, the cerebrospinal 
fluid of internal auditory canal shows hyperintense; the facial 
nerve, the cochlear nerve and the vestibular nerve show 
isointense running through them; and both the cochlea and 
the semicircular canal show hyperintense (Fig. 6.3a). Four 
punctate isointenses between the hyperintenses of cerebro-
spinal fluid can be seen in the plane of the internal auditory 
canal, with the facial nerve in the anterosuperior direction, 
the cochlear nerve in the anterior inferior direction, the supe-
rior vestibular nerve in the posterosuperior direction, and the 
inferior vestibular nerve in the posteroinferior direction 
(Fig. 6.3b). After being processed by VR, the membranous 
labyrinth of inner ear can also be shown on a three- 
dimensional image to be observed at any rotation angle 
(Fig. 6.3b) [6].
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Fig. 6.2 Imaging anatomy of CT coronal plane of ear. (a) CT anatomic 
image of petrous apex level; (b) CT anatomic image of cochlea level; 
(c). CT anatomic image of vestibular window level; (d) CT anatomic 
image of cochlear window level; (e) CT anatomic image of common 
bony crus level; (f) CT anatomic image of mastoid segment of facial 
nerve level. 1. Internal carotid artery; 2. Tensor tympani; 3. Auditory 
tube; 4. Temporal-mandibular joint; 5. Cochlea; 6. Labyrinthine seg-
ment of facial nerve canal; 7. Tympanic segment of facial nerve canal; 

8. Head of malleus; 9. Scutum; 10. Neck of malleus; 11. Manubrium 
mallei; 12. Tensor tympani; 13. Internal auditory canal; 14. Vestibule; 
15. Anterior semicircular canal; 16. Lateral semicircular canal; 17. 
Vestibular window; 18. Entrance to mastoid antrum; 19. Round win-
dow; 20. Cochlear aqueduct; 21. Common bony crus; 22. Fossae subar-
cuata; 23. Jugular bulb; 24. Sigmoid sinus; 25. Posterior semicircular 
canal; 26. Mastoid segment of facial nerve canal
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Fig. 6.3 Images of internal auditory canal. (a) Axial image of the inner 
ear of internal auditory canal, which shows the cochlear nerve, cochlea, 
and semicircular canal of the internal auditory canal; (b) Cross-sectional 

image of the internal auditory canal, which shows the cochlear nerve, 
facial nerve, superior vestibular nerve and inferior vestibular nerve
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Imaging Anatomy of Nose 
and Paranasal Sinus

Yu Wang, Jie Hu, and Heng Liu

7.1  Foundation of Imaging Anatomy

The nasal part is composed of the external nose, the nasal 
cavity and the paranasal sinus. The external nose and the 
nasal cavity are often collectively referred to as the nose. 
Therefore, the nasal part can also be divided into the nose 
and the paranasal sinuses. The paranasal sinus lies in the 
superior and posterosuperior directions of and on both sides 
of the nasal cavity. The nasal cavity and each paranasal sinus 
are separated from the orbit, the anterior cranial fossa and the 
middle cranial fossa only by a thin bone plate. Therefore, the 
nasal cavity or paranasal sinus disease can involve the orbit 
or the intracranial part [1].

Feeding arteries and innervations of the nose and parana-
sal sinus are as shown in Table 7.1.

7.2  CT and MR Imaging Anatomy

The imaging examination of paranasal sinus is conducted 
mainly by CT.  When tumors and other diseases are sus-
pected, if the natures of such diseases cannot be identified by 
CT, MRI can be used to identify different diseases based on 
their different pathological characteristics.

7.2.1  External Nose

The external nose features the superior part narrower than 
the inferior part, having the pyramid shape. The external 
nasal stent is mostly cartilage, with a small proportion of 

bone components. The cartilage stent is mainly composed of 
paired superior nasal cartilage and greater alar cartilage on 
the left and right sides. The bony stent of the external nose is 
composed of the frontal nasal process, the nasal bone, and 
the frontal process of maxilla (Figs. 7.1, 7.2, and 7.3). The 
septum nasi osseum is mainly composed of the perpendicu-
lar plate of ethmoid and the vomer, and the cartilaginous 
nasal septum is mainly composed of the nasal septal carti-
lage. Turbinate is the osseous anatomy of the lateral wall of 
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Table 7.1 Feeding arteries and innervations of the nose and paranasal 
sinus

Position Composition
Main feeding 
artery Main innervation

External 
nose

Bony part and 
cartilaginous 
part

Facial artery and 
ophthalmic 
artery branch

Buccal branch of 
facial nerve, 
ophthalmic nerve, 
maxillary nerve, 
etc.

Nasal 
cavity

Nasal 
vestibule and 
nasal fossa 
proper

Ophthalmic 
artery and 
maxillary artery

Olfactory nerve, 
sensory nerve and 
autonomic nerve

Paranasal 
sinus

Maxillary 
sinus

Sphenopalatine 
artery and 
infraorbital 
artery

Infraorbital nerve 
and superior 
alveolar nerves

Frontal sinus Supraorbital 
artery and 
anterior ethmoid 
artery

Medial branch of 
frontal nerve

Ethmoidal 
sinus

Sphenopalatine 
artery and 
infraorbital 
artery

Anterior 
ethmoidal nerve, 
posterior 
ethmoidal nerve 
and 
sphenopalatine 
nerve

Sphenoid 
sinus

Posterior 
ethmoidal artery 
and maxillary 
artery

Posterior 
ethmoidal nerve, 
and orbital branch 
of sphenopalatine 
nerve
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nasal cavity. There are superior, middle, and inferior turbi-
nates, below which are superior, middle, and inferior nasal 
meatus. Superior and middle turbinates compose the medial 
wall of the ethmoid bone, while the inferior turbinate is a 

separate bony structure laterally connected to the maxilla 
(Figs. 7.1, 7.2, and 7.3).

7.2.2  Nasal Cavity

The nasal septum divides the nasal cavity into left and right 
cavities, both of which feature the superior part narrower 
than the inferior part. Originating from the anterior nares and 
inserting at the posterior nares, communicating with the 
nasopharynx. The top and bottom of the nasal cavity are 
roughly parallel. The nasal cavity is divided into the nasal 
vestibule and the nasal fossa proper by the nasal limen [1–3] 
(Figs. 7.4, 7.5, 7.6, and 7.7). The nasal vestibule is the rela-
tively enlarged part of the anterior inferior part of the nasal 
cavity. It mainly lies on medial surface of ala nasi and apex 
nasi. As a main part of the nasal cavity, the nasal fossa proper 
lies in the posterior part of the nasal cavity. It is formed by 
covering the osseous nasal cavity and cartilaginous nasal 
cavity with mucosa.

7.2.3  Paranasal Sinus

Paranasal sinus includes frontal sinus, ethmoidal sinus, max-
illary sinus and sphenoid sinus. Paranasal sinuses can be 
divided into anterior and posterior groups of nasal sinuses 
according to the location of the opening. The anterior group 
of nasal sinuses includes frontal sinus, anterior, and medial 

Fig. 7.1 CT image of the transverse plane of paranasal sinus (1). 1. 
Inferior turbinate; 2. Foramen palatinum majus; 3. Maxillary sinus; 4. 
Lateral pterygoid plate; 5. Medial pterygoid plate; 6. Septum nasi 
osseum; 7. Nasal cavity; 8. Lesser palatine foramen; 9. Mandible; 10. 
Nasopharyngeal cavity; 11. Styloid process

Fig. 7.2 CT image of the transverse plane of paranasal sinus (1). 1. 
Inferior turbinate; 2. Maxillary sinus; 3. Lateral pterygoid plate; 4. 
Nasopharyngeal cavity; 5. Styloid process; 6. Ala nasi; 7. Cartilaginous 
nasal septum; 8. Septum nasi osseum; 9. Foramen palatinum majus; 10. 
Medial pterygoid plate

Fig. 7.3 CT image of the transverse plane of paranasal sinus (3). 1. Ala 
nasi; 2. Frontal process of maxilla; 3. Maxillary sinus; 4. Pterygopalatine 
fossa; 5. Choana; 6. Nasal septum 7. Nasolacrimal duct; 8. Middle tur-
binate; 9. Condyloid process
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ethmoidal sinus cells, and maxillary sinus, with their open-
ings in the middle nasal meatus. The posterior group of nasal 
sinuses includes the posterior ethmoidal sinus cell and the 
sphenoid sinus, with the opening of the former in the supe-
rior meatus and that of the latter in the sphenoethmoidal 
recess. Paranasal sinuses can be divided into superior and 

inferior groups by their locations. The superior group of 
nasal sinuses includes frontal sinus, ethmoidal sinus and 
sphenoid sinus, which as a complete group of air cells. This 
group is separated from the intracranial tissues only by a thin 
bone plate. Therefore, it is easy for the lesions of these para-
nasal sinuses to involve the intracranial part. The inferior 

Fig. 7.4 CT image of the transverse plane of paranasal sinus (4). 1. 
Anterior lacrimal crest; 2. Eyeball; 3. Inferior orbital fissure; 4. Superior 
turbinate; 5. Sphenoid sinus 6. Internal carotid artery canal; 7. Frontal 
process of maxilla; 8. Fossa for lacrimal sac; 9. Maxillary sinus; 10. 
Sphenoid ridge

Fig. 7.5 CT image of the transverse plane of paranasal sinus (5). 1. 
Nasal bone; 2. Septum nasi osseum; 3. Ethmoidal sinus; 4. Sphenoid 
sinus; 5. Infratemporal fossa; 6. Eyeball; 7. Maxillary sinus; 8. Bony 
septum in sphenoid sinus

Fig. 7.6 CT image of the transverse plane of paranasal sinus (6). 1. 
Eyeball 2. Greater wing of sphenoid bone; 3. Sphenoid sinus; 4. Nasal 
bone; 5. Orbital process of the zygomatic bone of styloid process; 6. 
Ethmoidal sinus; 7. Superior orbital fissure; 8. Hypophysial fossa

Fig. 7.7 CT image of the transverse plane of paranasal sinus (7). 1. 
Frontal sinus 2. Orbital process of frontal bone; 3. Greater wing of 
sphenoid bone; 4. Anterior cranial fossa; 5. Orbit; 6. Cockscomb; 7. 
Middle cranial fossa; 8. Temporal bone
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group of nasal sinuses is the maxillary sinus, which is at an 
inferior location and far away from the brain. Therefore, it is 
not easy to cause intracranial complications [1–3] (Figs. 7.8, 
7.9, 7.10, 7.11, 7.12, 7.13, 7.14, and 7.15).

7.2.4  Ostiomeatal Complex

The ostiomeatal complex (OMC) is a functional anatomical 
area proposed after the development of functional endoscopic 
sinus surgery. It is not an independent anatomical structure. 
As a surrounding area with the ethmoidal infundibulum as 
center, it includes uncinate process, ethmoidal bulla, semilu-
nar hiatus, ethmoidal infundibulum, middle nasal meatus, 
middle turbinate, anterior ethmoidal sinus, aperture of frontal 

Fig. 7.8 CT image of the coronal plane of paranasal sinus (1). 1. 
Orbital part of frontal bone; 2. Anterior ethmoidal sinus; 3. Frontal pro-
cess of maxilla; 4. Inferior turbinate; 5. Incisive bone; 6. Frontal sinus; 
7. Ethmoid bont; 8. Perpendicular plate of ethmoid bone; 9. Maxillary 
sinus; 10. Cartilaginous part of nasal septum; 11. Vomer

Fig. 7.9 CT image of the coronal plane of paranasal sinus (2). 1. 
Cockscomb 2. Ethmoid bont; 3. Nasal septum; 4. Middle turbinate; 5. 
Maxillary sinus; 6. Hard palate; 7. Frontal sinus; 8. Cribriform plate; 9. 
Anterior ethmoidal sinus; 10. Uncinate process; 11. Inferior turbinate; 
12. Vomer

Fig. 7.10 CT image of the coronal plane of paranasal sinus (3). 1. 
Ethmoid bont; 2. Nasal septum; 3. Middle turbinate; 4. Uncinate pro-
cess; 5. Inferior turbinate 6. Orbital part of frontal bone; 7. Cockscomb; 
8. Cribriform plate; 9. Anterior ethmoidal sinus; 10. Opening of maxil-
lary sinus; 11. Maxillary sinus; 12. Vomer; 13. Hard palate

Fig. 7.11 CT image of the coronal plane of paranasal sinus (4). 1. 
Ethmoid bont; 2. Superior turbinate; 3. Middle turbinate; 4. Maxillary 
sinus 5. Hard palate; 6. Orbital part of frontal bone; 7. Cribriform plate; 
8. Anterior ethmoidal sinus; 9. Nasal septum; 10. Inferior turbinate

Fig. 7.12 CT image of the coronal plane of paranasal sinus (5). 1. 
Middle cranial fossa; 2. Anterior ethmoidal sinus; 3. Middle turbinate; 
4. Zygomatic process of maxilla; 5. Inferior turbinate 6. Anterior cra-
nial fossa; 7. Inferior orbital fissure; 8. Nasal septum; 9. Maxillary 
sinus; 10. Hard palate
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sinus, and opening of maxillary sinus. It is the common ven-
tilation and the drainage channel for frontal sinus, anterior 
ethmoidal sinus and maxillary sinus (Figs. 7.16 and 7.17).

7.2.5  Spaces Relevant with the Nose 
and the Paranasal Sinus

 1. Infratemporal Fossa. The infratemporal fossa lies on the 
side of the viscerocranium, inferior to the temporal fossa and 
posterior to the maxilla. It is inverted cone-shaped. The 
infratemporal fossa is connected to the middle cranial fossa 
through the oval foramen and the foramen spinosum poste-
riorly, to the pterygopalatine fossa through the pterygomax-
illary fissure medially, to the orbit through the inferior orbital 
fissure anterior, and to the temporal fossa superiorly [4].

 2. Pterygopalatine fossa. Located on the medial side of the 
infratemporal fossa, it is an inverted triangular space sur-
rounded by the pterygoid process of sphenoid bone, the 

Fig. 7.13 CT image of the coronal plane of paranasal sinus (6). 1. 
Anterior cranial fossa; 2. Middle cranial fossa; 3. Sphenoid sinus sep-
tum; 4. Nasal septum; 5. Maxillary sinus; 6. Soft palate; 7. Optic canal; 
8. Pterygopalatine fossa; 9. Sphenoid sinus 10. Middle turbinate; 11. 
Inferior turbinate

Fig. 7.14 CT image of the coronal plane of paranasal sinus (7). 1. 
Sphenoid sinus septum; 2. Nasal septum; 3. Lateral pterygoid plate; 4. 
Mandible 5. Anterior clinoid process; 6. Sphenoid sinus 7. Foramen 
rotundum; 8. Zygomatic arch; 9. Medial pterygoid plate

Fig. 7.15 CT image of the coronal plane of paranasal sinus (8). 1. 
Anterior clinoid process; 2. Foramen rotundum; 3. Lateral pterygoid 
plate; 4. Middle cranial fossa; 5. Sphenoid sinus 6. Zygomatic arch; 7. 
nasopharyngeal cavity; 8. Mandible

Fig. 7.16 MRI image of the coronal plane of paranasal sinus on T1WI. 
1. Middle turbinate; 2. Inferior turbinate; 3. Anterior cranial fossa; 4. 
Ethmoidal sinus; 5. Maxillary sinus; 6. Hard palate

Fig. 7.17 MRI image of the coronal plane of paranasal sinus on T2WI. 
1. Middle turbinate; 2. Inferior turbinate; 3. Anterior cranial fossa; 4. 
Ethmoidal sinus; 5. Maxillary sinus; 6. Hard palate

7 Imaging Anatomy of Nose and Paranasal Sinus
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body of maxilla, the palatine bone and the infratemporal 
fossa. Also located in the superior part of the pterygomaxil-
lary fissure, it houses the sphenopalatine ganglion (also 
known as the pterygopalatine ganglion) and the maxillary 
branch of trigeminal nerve (maxillary nerve). The pterygo-
palatine fossa directly communicates with many adjacent 
anatomical areas, and the inflammation or tumor can spread 
through it. The relationship between the pterygopalatine 

fossa and its surrounding areas can be summarized as fol-
lows: its posterosuperior foramen communicates with the 
middle cranial fossa (the maxillary nerve passes through the 
foramen rotundum). It communicates with the orbit through 
the inferior orbital fissure anterosuperiorly. It becomes thin-
ner as inferiorly  extending towards the pterygopalatine fossa 
to form the canalis pterygopalatinus where the palatine 
nerve and the descending palatine artery pass. The pterygo-
palatine fossa communicates with the oral cavity through the 
canalis pterygopalatinus, the greater palatine canal and the 
lesser palatine canal. It interiorly communicates with the 
sphenoethmoidal recess and the nasal cavity through the 
sphenopalatine foramen. It communicates with the infratem-
poral fossa laterally and forms the pterygomaxillary fissure 
[4] together with the medial pterygoid plate and lateral pter-
ygoid plate on its lateral side (Figs. 7.18, 7.19, and 7.20).
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Fig. 7.20 MRI image of the transverse plane of paranasal sinus on 
T2WI. 1. Maxillary sinus; 2. Lateral pterygoid; 3. Levator veli palatini; 
4. Tensor veli palatini; 5. Tubal torus; 6. longus capitis

Fig. 7.18 MRI image of the transverse plane of paranasal sinus on 
T1WI (1). 1. Middle turbinate; 2. Lateral pterygoid; 3. Mandibular con-
dylar; 4. Nasal septum; 5. Maxillary sinus; 6. Nasopharyngeal cavity; 7. 
Basilar clivus

Fig. 7.19 MRI image of the transverse plane of paranasal sinus on 
T1WI (2). 1. Maxillary sinus; 2. Petrous apex; 3. Nasal septum; 4. 
Medial wall of maxillary sinus; 5. Superior turbinate; 6. Basilar clivus
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Imaging Anatomy of Pharynx

Meizhu Zheng, Shuang Xia, and Zuohua Tang

8.1  Foundation of Imaging Anatomy

8.1.1  Gross Anatomy

The pharynx is a funnel-shaped muscular flat duct. Located 
anterior to the C1 to C6 vertebral bodies, it is a common 
channel for digestion and breathing. The pharynx of an adult 
is about 12 cm long. It originates from the skull base, courses 
down to the inferior border of the cricoid cartilage and then 
is connected with the esophageal entrance. Adjacent to the 
nasal cavity, oral cavity and larynx cavity, it can be divided 
into nasopharynx, oropharynx, and hypopharynx (Fig. 8.1).

8.1.2  Main Structures and Peripharyngeal 
Space

Auditory tube: The auditory tube is provided with medial, 
anterior, and inferior openings in the pharyngeal ostium of 
auditory tube in the nasopharyngeal cavity from the ostium 
tympanicum. It inclines at an inclined angle of about 40° 
with the horizontal plane. The ostium tympanicum, funnel- 
shaped, is 2 to 2.5  cm higher than the pharyngeal ostium. 
About 4.5 mm wide, it is the widest part of the inner diame-
ter of the bony part, which then becomes narrower as it goes 
medially. It is the narrowest at the junction of bony part and 
cartilaginous part, with an inner diameter of only 1 to 2 mm. 
Since then, it gradually becomes wider again when extend-
ing toward the duct at the pharyngeal ostium and finally 
becomes the widest at the pharyngeal ostium, with both 
superior and inferior diameters up to 9 mm. The pharyngeal 
ostium of auditory tube is an important structure of the naso-

pharyngeal cavity. Its posterolateral 1/3 part is the bony part. 
The remaining 2/3 part is the cartilaginous part.

Tubal torus: It is formed by the lip-like bulge of the carti-
lage of the medial wall of the auditory tube.

Pharyngeal recess: As the depression between the torus 
and the posterior pharyngeal wall, it is only about 1 cm away 
from the foramen lacerum of skull base. The disappearance of 
the pharyngeal recess indicates the lesion of nasopharynx.

Vallecula Epiglottica: It is the spaces on both sides of the 
median glossoepiglottic ligaments between the root of 
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Fig. 8.1 Midian sagittal MRI image. NHH, nasal cavity; NNH, para-
nasal sinus; NP, nasopharynx; MH, oral cavity; OP, oropharynx; LA, 
larynx; HP, hypopharynx; T, trachea; O, esophagus
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tongue and the epiglottic cartilage, where foreign bodies 
often remain.

Pyriform Sinus: It is the lateral inferior deep fossa of the 
aryepiglottic folds on both sides.

Postcricoid Space: Located between two pyriform sinuses 
and posterior to the cricoid cartilage, it communicates with 
the esophageal entrance. When swallowing, the pyriform 
sinus opens in a funnel shape, and the food enters the esoph-
agus through the postcricoid space.

Spaces of the pharynx include suprahyoid spaces and infra-
hyoid spaces. Suprahyoid spaces include parapharyngeal 
space (PPS), pharyngeal mucosal space, parotid space, sub-
masseteric space, pterygopalatine fossa, submandibular space, 
and sublingual space. Infrahyoid spaces include the visceral 
space and the anterior cervical space. Suprahyoid spaces and 
infrahyoid spaces include carotid space, retropharyngeal space 
(RPS), paravertebral space and posterior cervical space.

The schematic diagram of the fascia of retropharyngeal 
space is as shown in Fig. 8.2. The real retropharyngeal space 
(yellow) lies between the wing fasciae and the wing facia of 
the deep layer fascia of the neck. The danger region (red) lies 
between posteroinferior and prevertebral layers of the deep 
fascia of the neck (Fig.  8.2). These two components are 
indistinguishable on the MRI and CT images of healthy peo-
ple. The danger region of the retropharyngeal space extends 
from the clivus to the mediastinum. Therefore, the  mediastinal 
infection must be excluded for the patients involved in post-
pharyngeal tissue infection.

8.1.3  Lymph, Blood Vessels, and Nerves

The pharyngeal lymphoid ring mainly includes endolym-
phatic ring and perilymphatic ring.

The endolymphatic ring (Waldeyer ring) is mainly com-
posed of “6 tonsils” (1 pharyngeal tonsil, 2 tubal tonsils, 1 
lingual tonsil, and 2 palatine tonsils).

The perilymphatic ring formed by the endolymphatic 
ring and the lymphonodi cervicales communicating with 
each other. It mainly includes the retropharyngeal lymph 
node, the mandibular angle lymph node, the submandibu-
lar lymph node and the submental lymph node. In addition 
to the fact that the perilymphatic ring is connected to the 
endolymphatic ring, the latter flows to the former and the 
former also flows to the latter. When the infection of the 
pharynx cannot be controlled by the endolymphatic ring, it 
will spread from the endolymphatic ring to the perilym-
phatic ring (Fig. 8.3).

The pharynx is mainly supplied by branches of the exter-
nal carotid artery, including ascending pharyngeal artery, 
superior thyroid artery, facial artery, dorsal lingual artery and 
maxillary artery (Fig. 8.4). The cervical venous return flows 
back into the common jugular vein through the superficial 
jugular vein and the deep jugular vein.

Dangerous regon

Fig. 8.2 Schematic diagram of the fascia of retropharyngeal space
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Fig. 8.3 Schematic diagram of the pharyngeal lymphoid ring
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Fig. 8.5 Transverse plane of the nasopharyngeal cavity. 1. Pharyngeal 
ostium of auditory tube; 2. Tubotympanic recess; 3. longus capitis; 4. 
Parapharyngeal space; 5. Medial pterygoid plate; 6. Torus tubarius; 7. 
Retropharyngeal space; 8. Internal carotid artery

8.2  CT Imaging Anatomy

Anatomical structures such as nasopharynx, oropharynx, and 
hypopharynx can be observed successively on the transverse 
plane (Figs. 8.5, 8.6, 8.7, 8.8, 8.9, and 8.10). The pharyngeal 
ostium of auditory tube, the torus tubarius, the epiglottis, the 

aryepiglottic fold and other structures can be clearly shown. 
Glands such as submandibular gland and parotid gland can 
also be shown clearly. CT is very advantageous in showing 
bone structures, but the structure of the peripharyngeal space 
is an exception due to lack of natural contrast. In addition, 
the upper respiratory tract in the pharynx can also be three- 
dimensionally reconstructed with CT and its volume can be 
evaluated quantitatively [1].

8.3  MR Imaging Anatomy

X-ray and CT are highly sensitive in detecting pharyngeal 
masses but have the structure superposition problem. 
Magnetic resonance imaging (MRI) of the laryngeal part 
provides a good anatomical description of surface and 
deep layer structures, including local muscles, major blood 
vessels, laryngeal cartilage, and esophagus. The mesen-
chyme surrounding these structures, especially fat, helps 
separate them. The mucosal layer, auditory tube, longus 
capitis, longus colli, tensor veli palatini and levator veli 
palatini can be clearly shown on T2WI. With the fat as the 
background, the parapharyngeal space and the retropha-
ryngeal space are also shown clearly on the transverse 
plane and the coronal plane [2]. Lymph nodes, blood ves-
sels and nerves in the parapharyngeal space show slightly 
hypointense shadows on T2WI. The thyroid cartilage struc-
ture can also be observed at the glottis level (Figs. 8.11, 
8.12, and 8.13).

a b

Fig. 8.6 Transverse plane of the oral-pharyngeal cavity. 1. Uvula; 2. Lateral oropharyngeal wall (palatine tonsil); 3. Retropharyngeal space; 4. 
Soft palate (lingual tonsil); 5. Medial pterygoid; 6. Parapharyngeal space; 7. Internal carotid artery; 8. Longus colli; 9. Internal jugular vein
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Fig. 8.8 Transverse plane of the hypopharynx cavity (2). 1. Thyroid 
cartilage; 2. Piriform recess; 3. Posterior pharyngeal wall; 4. Prevertebral 
soft tissue; 5. Aryepiglottic fold; 6. Retropharyngeal space

Fig. 8.9 Median sagittal plane of hypopharynx cavity. 1. Soft palate; 2. 
Epiglottis; 3. Roof wall of the nasopharynx; 4. Retropharyngeal space; 
5. Hypopharyngeal cavity

a b

Fig. 8.7 Transverse plane of the hypopharynx cavity (1). 1. Epiglottis; 2. Posterior pharyngolaryngeal wall; 3. Root of tongue; 4. Vallecula epi-
glottica; 5. Parapharyngeal space; 6. Retropharyngeal space; 7. Hyoid bone; 8. Submandibular gland; 9. Bifureation of common carotid artery
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Fig. 8.10 Coronal plane of the hypopharynx cavity. 1. Soft tissue in 
the nasopharyngeal roof; 2. Parapharyngeal space; 3. Epiglottis 4. Vocal 
cord; 5. Pharyngeal ostium of auditory tube; 6. Thyroid cartilage

Fig. 8.11 Image of the nasopharynx level on T2WI. 1. Nasopharyngeal 
cavity; 2. Auditory tube; 3. Nasopharyngeal roof mucosa; 4. Tensor veli 
palatini; 5. Levator veli palatini; 6. longus capitis

a b

Fig. 8.12 Image of the transverse plane of oropharynx on T2WI. 1. Soft palate; 2. Oropharyngeal mucosa; 3. Parapharyngeal space; 4. Tongue; 5. 
Retropharyngeal space
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Fig. 8.13 Image of the transverse plane of hypopharynx cavity on T2WI. 1. Epiglottis; 2. Posterior pharyngolaryngeal wall; 3. Root of tongue; 4. 
Vallecula epiglottica; 5. Parapharyngeal space; 6. Retropharyngeal space; 7. Hyoid bone; 8. Piriform recess
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Imaging Anatomy of Larynx

Huazheng Dong and Yubo Lyu

9.1  Foundation of Imaging Anatomy

The larynx is the main organ for breathing and pronuncia-
tion. It lies in the middle of neck, is inferior to the hyoid bone 
and approximately between the third cervical vertebra and 
the inferior border of the sixth cervical vertebra, and com-
municates with the hypopharynx superiorly and the trachea 
inferiorly (Fig.  9.1). The larynx is supported by cartilage 
(Fig. 9.2), and the cartilage gap is composed of the joints, 
muscles, and ligaments that are connected together. The lar-
ynx is structurally complex and delicate. Therefore, its fine 
structures, divisions, and important tissue spaces shall be 
carefully observed on corresponding images.

9.2  CT Imaging Anatomy

The CT image of the transverse plane of larynx shows the 
epiglottis, the vallecula epiglottica, the preepiglottic space, 
the piriform recess, the aryepiglottic fold, the ventricular 
fold, the laryngeal ventricle, the vocal cord, and the laryn-
geal cartilage from top to bottom (Fig.  9.3a–g). The CT 
image of median coronal plane can better show the rela-
tionship among the true vocal cord, the laryngeal ventricle, 
and the false vocal cord (Fig. 9.3h). On non-enhanced CT, 
lateral and medial cortexes of the ossified cartilage show 
high density, the marrow cavity in the center shows low 
density due to the presence of adipose tissue, and the non-
ossified hyaline cartilage and the elastic fibrocartilage show 
soft tissue density. In enhanced CT, the submucosal pha-
ryngeal mucous membrane on the surface of larynx often 
shows mild enhancement. The bone cortex, fatty marrow, 

and non- ossified hyaline cartilage show no enhancement 
after the intravenous injection of iodine-containing contrast 
agent [1, 2].

9.3  MR Imaging Anatomy

The mucosa of the larynx cavity has a smooth surface. It 
shows hypointense to isointense on T1WI, isointense or 
hyperintense on T2WI, and mild enhancement after enhance-
ment. The muscle shows isointense on T1WI and slightly 
hyperintense on T2WI.  The uncalcified laryngeal cartilage 
shows isointense or slightly hypointense, and the external 
bone cortex of the calcified cartilage show no signal. The 
medulla part contains adipose tissues, showing hyperintense 
on T1WI and isointense on T2WI. The vocal cord shows mus-
cular isointense. The ventricular fold (false vocal cord) con-
tains abundant loose connective tissues, showing a higher 
hyperintense than the vocal cord. It is difficult to show the 
laryngeal ventricle and laryngeal saccules between the ven-
tricular fold and the vocal cord on the transverse plane, but 
they can be shown the most clearly on the coronal plane. The 
subglottic portion is marked by cricoid cartilage, and its 
medial mucosa is only about 1mm thick. The anterior epi-
glottic space and the paraglottic space on the deep surface of 
the larynx cavity are filled with adipose tissues, showing 
hyperintense on T1WI as well as isointense and hyperintense 
on T2WI [1, 2]. Normal lymph nodes in the larynx are not 
shown in most cases, and their diameters are only about 
5mm. Sometimes the larynx body or the endolaryngeal 
structure is asymmetrical and thus has an unequal thickness, 
easy to be misdiagnosed as pathological changes (Fig. 9.4).
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Fig. 9.1 CT and MRI images of the sagittal plane of larynx. (a) CT 
image of the soft tissue window on the sagittal plane of larynx; (b) MRI 
FS-T2WI image of the sagittal plane of larynx; (c) Schematic diagram 

of structure of the sagittal plane of larynx. NHH nasal cavity, NNH 
paranasal sinus, NP nasopharynx, MH oral cavity, OP oropharynx, LA 
larynx, HP hypopharynx, T trachea, O esophagus
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Fig. 9.3 CT anatomical 
images of the normal larynx. 
(a) Superior border level of 
epiglottis on the transverse 
plane; (b) Vallecula 
epiglottica level on the 
transverse plane; (c) Piriform 
recess level on the transverse 
plane; (d) Superior border 
level of thyroid cartilage on 
the transverse plane; (e) 
Ventricular fold level on the 
transverse plane; (f) Vocal 
cord level on the transverse 
plane; (g) Cricoid cartilage 
level on the transverse plane; 
(h) Bilateral vocal cords, 
bilateral ventricular folds and 
laryngeal ventricle visible on 
the coronal plane
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Fig. 9.4 MRI anatomical images of the normal larynx. (a) Superior 
border level of epiglottis on the transverse plane; (b) Vallecula epiglot-
tica level on the transverse plane; (c) Piriform recess level on the trans-
verse plane; (d) Superior border level of thyroid cartilage on the 

transverse plane; (e) Ventricular fold level on the transverse plane; (f) 
Vocal cord level on the transverse plane; (g) Cricoid cartilage level on 
the transverse plane
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Imaging Anatomy of Maxillofacial 
Region

Li Yao and Heng Liu

10.1  Foundation of Imaging Anatomy

10.1.1  Overview

Maxillofacial region ranges from hairline to inferior border 
of the mandible, flanked by posterior border of ascending 
ramus of mandible. According to anatomy, maxillofacial 
region can be divided into parotideomasseteric region, deep 
part of lateral face, orbital region, infraorbital region, buccal 
region, frontal region, temporofacial region, zygomatic 
region, nasal region, lip region and mental region.

10.1.2  Main anatomic Parts of Maxillofacial 
Region

10.1.2.1  Parotideomasseteric Region
Parotideomasseteric region refers to the region where parotid 
gland, masseter and their superficial soft tissues are located. 
Anterior boundary is anterior border of masseter. Posterior 
boundary is anterior border of sternocleidomastoid, mastoid 
process and posterior belly of digastric. Superior border is 
zygomatic arch inferior border and external auditory canal. 
Inferior border is inferior border of mandible. The medial 
and lateral sides are respectively parapharyngeal space and 
skin. The main structures include parotid gland, masseter 
and relevant facial artery, retromandibular vein and facial 
nerve.

Parotid gland, located in parotid space, is tapered, with 
base facing outwards and tip projecting inward into parapha-
ryngeal space. Parotid gland is covered with parotid masseter 
muscle fascia, which comes from superficial layer of cervi-
cal fascia. The fascia is divided into superficial and deep lay-

ers at posterior border of parotid gland, enveloped by parotid 
gland, forming parotid capsule, and integrates at anterior 
border of parotid gland, forming fascia masseterica, expand-
ing forward and covering masseter to reach anterior border 
of masseter. Parotid capsule is fine and dense, and there is a 
fissure between styloid process and medial pterygoid. Deep 
lobe of parotid gland communicates with parapharyngeal 
space and pterygomandibular space via this fissure. When 
parotid gland suppurates, parapharyngeal abscess may be 
formed through this fissure. Parotid capsule emits many 
septa and extends into the gland, dividing the gland into 
many lobules. When the parotid gland suppurates, scattered, 
separate small abscesses may be formed. The upper part of 
parotid capsule is closely connected to the external auditory 
canal, and emits fiber bundles that extend into the fissure in 
the cartilage at the anteroinferior wall of the external audi-
tory canal. Therefore, pyogenic infection of parotid gland 
can spread to the external auditory canal. The profound sur-
face of parotid gland deep lobe is adjacent to styloid process 
muscles and deep internal carotid artery that is encompassed 
by cellular tissues and internal jugular vein and the ninth- 
twelfth cranial nerves. For this reason, it is also known as 
parotid bed [1].

10.1.2.2  Deep Part of Lateral Face
Deep part of lateral face is located at the profound surface of 
anterior parotideomasseteric region. Anterior boundary is 
posterior side of maxilla, posterior boundary is deep lobe of 
parotid gland, interior boundary is lateral pterygoid plate and 
exterior boundary is ramus of mandible. In the deep part of 
lateral face, there are pterygoid plexus, maxillary artery, and 
mandibular nerves, which are located between the ramus of 
mandible, medial & lateral pterygoid, and lateral pterygoid 
plate, encompassed by cellular tissues.

10.1.2.3  Maxillofacial Cellular Tissue Space
Maxillofacial cellular tissue space refers to the potential 
space between fascias, fascia and muscle, muscle and 
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 periosteum, and between periostea. Each space is filled with 
loose connective tissues, wherein vessels and nerve pass 
through. Some spaces have salivary gland and lymph gland. 
Adjacent spaces communicate with each other, and cellular 
tissue, along with the neurovascular bundle, enters a space 
from another. Therefore, space infection may be limited in 
one space or spread to multiple spaces, and even spread 
upwards to intracranial region or downwards to cervical 
space. In this sense, diagnosis and treatment of space infec-
tion should be built on an understanding of location, content 
and intercommunication of cellular tissues in oral, maxillo-
facial and cervical regions [2].

1. Infraorbital space. Located anteroinferior to orbit. The 
superior boundary is infraorbital border, inferior boundary is 
maxilla alveolar process, medial boundary is nasal lateral bor-
der, lateral boundary is zygomatic major, and profound sur-
face is maxilla anterior wall. There are cellular tissues, 
infraorbital nerves and blood vessels in the space. Purulent 
inflammation of maxillary anterior teeth and premolar may 
spread to infraorbital space. The space communicates back-
ward with buccal space, with facial vein and facial artery pass-
ing through. Facial vein is connected to angular vein and 
communicates with cavernous sinus, so that inflammation can 
spread along the facial vein to cause intracranial infection.

2. Buccal space. It is inverted cone-shaped and located 
between buccinator and masseter. The anterior boundary is 
anterior border of masseter and posterior boundary is ramus 
of mandible and anterior border of temporalis. Space is filled 
with buccal nerve, buccal artery, deep facial vein and adipose 
tissue. Buccal space communicates with adipose tissue in 
masseteric space, pterygomandibular space, infraorbital 
space, infratemporal space and temporal space. For this rea-
son, abscess in buccal space can communicate and spread to 
the above spaces.

3. Masseteric space. It is located between masseter and 
the ascending ramus of mandible. The anterior boundary is 
anterior border of masseter, posterior boundary is posterior 
border of ramus of mandible, superior boundary is inferior 
border of zygomatic arch, and inferior boundary is the site 
where masseter is attached to the inferior border of ramus of 
mandible. What is located to the lateral of the space is hard, 
thick masseter, and to the medial is ramus of mandibular 
ramus wall. What is located superior and inferior to the space 
are dense connective tissue and muscles attached to zygo-
matic arch and ramus of mandible. Thereby, inflammation 
therein is not easy to spread but may spread to the profound 
side, thus involving mandible, complicated by marginal 
osteomyelitis of ramus of mandible. Masseteric space com-
municates with pterygomandibular space, buccal space, tem-
poral space and infratemporal space.

4. Pterygomandibular space. Pterygomandihular space 
is located between medial ramus of mandible and medial 
pterygoid. Anterior boundary is temporalis and buccinator, 
posterior boundary is parotid gland, superior boundary is 

inferior border of lateral pterygoid, and inferior boundary is 
the site where medial pterygoid is attached to the inferior 
border of ramus of mandible. Cellular tissue in the space 
communicates upwards with infratemporal space and tempo-
ral space, forward with buccal space, downwards with sub-
lingual space and submandibular space, backward with 
parapharyngeal space, and outwards with masseteric space. 
Besides, along nerves and vessels of skull base, it can enter 
intracranial region via oval foramen.

5. Infratemporal space. It is located superior to pterygo-
mandibular space. Anterior boundary is posterior maxilla, 
posterior boundary is profound part of parotid gland, medial 
boundary is lateral pterygoid plate of sphenoid bone, lateral 
boundary is upper part of ramus of mandible and zygomatic 
arch, superior boundary is infratemporal surface and infra-
temporal crest of the greater wing of sphenoid bone and infe-
rior boundary is the plane wherein inferior border of lateral 
pterygoid is located. Pterygoid plexus, maxillary artery and 
its branches, and branches of maxillary and mandibular 
nerves pass through the space. Loose connective tissues in 
the space extend into adjacent spaces along with the above 
vessels and nerves, so that the infratemporal space is in com-
munication with pterygomandibular space, buccal space, 
temporal space, pterygopalatine space, as well as parapha-
ryngeal space. Besides, the infratemporal space is also con-
nected to intraorbital area via inferior orbital fissure, to 
cranial cavity via oval foramen and foramen spinosum, and 
to cavernous sinus via plexus pterygoideus. What is more, 
the space is located at the center of spaces in deep maxillofa-
cial region, so the infection of infratemporal space typically 
occurs along with adjacent spaces rather than exists alone.

6. Temporal space. It is located in temporal region, 
demarcated by surface of zygomatic arch and infratemporal 
crest and infratemporal space. The space can be divided into 
superficial temporal space and deep temporal space. The for-
mer is located between deep temporal fascia and temporalis, 
while the latter is located between temporalis and temporal 
fossa. The deep temporal fascia of the space is dense and 
temporalis is hard and thick. The squamous portion is the 
thinnest in temporal fossa, in which there are few diploes at 
medial and lateral lamella. Therefore, temporal abscess 
formed can hardly be punctured by itself, thus leaving pus at 
the surface of squamous portion, pressing bone and resulting 
in osteonecrosis and osteomyelitis. At the same time, the 
infection can directly spread into intracranial region or along 
blood vessels of adjacent meninges, causing meningitis, 
brain abscess and other complications. Temporal space com-
municates with buccal space, masseteric space, pterygoman-
dibular space and Infratemporal space.

7. Parotid space. Located in parotid capsule, it is filled 
with parotid gland, and blood vessels, nerves and lymph 
nodes passing through the gland. The medial side of parotid 
space is not closed, directly connecting anterior parapharyn-
geal space with pterygomandibular space.
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8. Parapharyngeal space. It is inverted cone-shaped and 
located between medial pterygoid, deep lobe of parotid gland 
and lateral wall of pharynx, ranging from skull base to hyoid 
bone surface. Anterior boundary is pterygomandihular liga-
ment and posterior boundary is lateral side of prevertebral 
fascia. It is separated from submandibular gland by hyoglos-
sus. Parapharyngeal space is split into anterior and posterior 
parts via styloid process and styloid process muscles. The 
anterior part is called anterior parapharyngeal space and the 
posterior part is called posterior parapharyngeal space or 
posterior styloid process space. Anterior parapharyngeal 
space is small, in which there are cellular tissues. It is adja-
cent to superior constrictor of pharynx and palatine tonsil. 
Abscess peripheral to palatine tonsil can outward puncture 
lateral wall of pharynx directly and enter into anterior para-
pharyngeal space. Posterior parapharyngeal space is large, in 
which there are internal carotid artery, vein, ninth-twelfth 
cranial nerve and superior deep cervical lymph node. 
Parapharyngeal space communicates with pterygomandibu-
lar space, infratemporal space, sublingual space, subman-
dibular space, parotid space, and retropharyngeal space. 
Blood vessels and nerve tracts therein communicate upwards 
with intracranial region and pass through downwards peri-
visceral spaces and other connected mediastina, thus can 
result in the spread of inflammation.

9. Pterygopalatine space. Located inferior to orbital 
apex and medial to infratemporal fossa, it is an elongated 
triangular space, also known as pterygopalatine fossa. 
Anterior boundary is maxilla body, posterior boundary is 
pterygoid process of sphenoid bone, superior boundary is 
greater wing of sphenoid bone and inferior boundary is per-
pendicular plate of palatal bone. In pterygopalatine space, 
there are ramus of maxilla of trigeminal nerve (maxillary 
nerve), sphenopalatine ganglion (also known as pterygopala-
tine ganglion), the third section of maxillary artery and its 
braches. The pterygopalatine space communicates forward 
with orbit via inferior orbital fissure, inward with nasal cav-
ity via sphenopalatine foramen, outwards with infratemporal 
space via pterygomaxillary fissure, downwards with oral 
cavity via pterygopalatine canal, backward and upward with 
cranial cavity via foramen rotundum.

10. Sublingual space. It is horseshoe-shaped. Anterior 
boundary is the mucosa at mouth floor, inferior boundary is the 
mylohyoid muscle and hyoglossus, the anterolateral side is 
medial bone wall of mandible body and posterior boundary is 
root of tongue. Via genioglossus and geniohyoid, sublingual 
space is bisected into symmetrical left and right parts, which 
are in communication with each other at deep surface of tongue 
frenulum. In sublingual space, there are sublingual gland, deep 
part of submandibular gland and its duct, lingual nerve, hypo-
glossal nerve, sublingual artery, and sublingual vein. Sublingual 
space communicates backward with the submandibular space, 
backward and upward with pterygomandibular space, and 
backward & inward with parapharyngeal space.

11. Deep lingual space. It refers to space located between 
external lingual muscles at lingual root, including interge-
nioglossus space and genioglossus-hyoglossus intermuscu-
lar space.

 (1) Intergenioglossus space: It is located between bilateral 
genioglossus, and includes cellular tissues, with secto-
rial median sagittal plane and elongated frontal plane. 
Superior boundary is septum of tongue and inferior 
boundary is geniohyoid. The space communicates for-
ward with sublingual space.

 (2) Genioglossus-hyoglossus intermuscular space: It is 
located between genioglossus and hyoglossus, one on 
each side, wherein cellular tissue and lingual artery are 
located. The space communicates forward with sublin-
gual space.

12. Masticator space. It is located between mastica-
tory muscle and lateral lamella of ascending ramus of man-
dible. The superior boundary is divided into upper medial 
boundary and upper lateral boundary. The upper medial 
boundary is skull base, and the masticator space inferior to 
the skull base is also known as infratemporal fossa. The 
upper lateral boundary, namely, the entheses of temporalis 
along the skull, is also known as temporal fossa, which is 
divided into deep and superficial temporal spaces by tempo-
ralis. The inferior boundary is entheses of medial pterygoid 
and masseter at angle of mandible. The space between 
medial pterygoid and ramus of mandible is called pterygo-
mandibular space, while the space between masseter and 
ramus of mandible is called masseteric space. Anterior 
boundary is anterior border of masseter adjacent to buccal fat 
pad and buccinator. Posterior boundary is posterior border of 
ascending ramus of mandible. Medial boundary is fascia 
stretching from medial medial pterygoid to medial border of 
oval foramen at skull base, separated from parapharyngeal 
space. Lateral boundary is parotid gland, parotid gland mas-
seter fascia and masticatory muscle [3]. Contents therein 
include masticatory muscle, mandible ramus, body, nerve, 
blood vessel, fat and other tissues.

10.2  CT Imaging Anatomy

Conventional CT examination of maxillofacial region, 
including scanning at coronal plane, transverse plane and 
sagittal plane, mainly mains to observe the location and size 
of maxillofacial lesions and their relationship with periph-
eral anatomical structures [3].

Transverse non-enhanced scans can display different tis-
sue structures at different levels (Fig.  10.1). Scanning at 
orbital plane can display images of eyeball, orbital wall, 
medial rectus, lateral rectus, inferior rectus muscle, optic 
nerve, ethmoidal sinus and sphenoid sinus. Scanning at skull 
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Fig. 10.1 Non-enhanced CT scan of maxillofacial region at trans-
verse plane. (a) Orbital plane (b) Surface of upper maxillary sinus (c) 
Surface of middle maxillary sinus (d) Surface of bottom maxillary 
sinus (e) Mandible body plane. 1. Ethmoidal sinus 2. Temporal space 3. 
Temporalis 4. Maxillary sinus 5. Lateral pterygoid 6. Condyle process 
7. Temporal-mandibular joint fossa 8. Lateral pterygoid plate 9. 

Infratemporal space 10. Nasal cavity 11. Pterygopalatine fossa 12. 
Infraorbital space 13. Masseter 14. Masseteric space 15. Parotid gland 
16. Sublingual gland 17. Pterygomandibular space 18. Hyoid bone 19. 
Parapharyngeal space 20. Sublingual space 21. Submandibular space 
22. Submandibular gland
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base can display ethmoidal sinus, sphenoid sinus, zygomatic 
arch and temporalis. Scanning at maxillary sinus upper plane 
can display maxillary sinus cavity, sinus wall, nasal cavity, 
medial pterygoid plate, lateral pterygoid plate, pterygopala-
tine fossa, lateral pterygoid, condyle process and infratem-
poral fossa. Scanning at maxillary sinus middle plane can 
display nasopharyngeal cavity, ascending ramus of mandi-
ble, masseter, styloid process, mastoid process and parotid 
gland. Scanning at maxillary sinus base plane can display 
maxillary sinus base, parotid gland, medial pterygoid, mas-
seter, parapharyngeal space and pharyngeal cavity. Scanning 
at mandible body plane can display mandible, lingua, mas-
seter, medial pterygoid, sublingual gland, submandibular 
gland, and mouth floor.

Coronal non-enhanced scans can display different tissue 
structures at different levels (Fig. 10.2). Scanning at coronal 
plane of nasopharyngeal cavity can display base of middle 
cranial fossa, sphenoid sinus, styloid process, angle of man-
dible, constrictor of pharynx, medial pterygoid, parotid gland 
and parapharyngeal space. Scanning at coronal plane of pos-
terior maxillary sinus can display maxillary sinus, nasal cav-
ity, turbinate, posterior ethmoidal sinus, postorbital space 
and temporalis. Scanning at coronal plane of middle maxil-
lary sinus can clearly display maxillary sinus, palate plate, 
postorbital space, inferior orbital fissure, ethmoidal sinus, 
oropharynx part and superior & inferior alveolar process.

Normal image of non-enhanced sagittal scan: Scanning at 
nasal septum sagittal plane can display skull base, sphenoid 
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Fig. 10.2 Non-enhanced CT scan of maxillofacial region at coronal 
plane. (a) Coronal plane of nasopharyngeal cavity (b) Coronal plane of 
posterior maxillary sinus (c) Coronal plane of middle maxillary sinus. 
1. Sphenoid sinus 2. Styloid process 3. Medial pterygoid 4. Angle of 

mandible 5. nasopharyngeal cavity 6. Temporalis 7. Inferior nasal con-
cha 8. Tumor 9. Zygomatic arch 10. Coracoid 11. Nasal cavity 12. Orbit 
13. Maxillary sinus 14. Palate plate
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sinus, nasopharynx, oropharynx, nasal cavity, turbinate, 
alveolar bone and frontal sinus (Fig. 10.3).

10.3  MR Imaging Anatomy

MRI shows the same anatomical structures of sections as CT 
but different image features (Figs. 10.4 and 10.5). On MRI 
images, a compact bone substance is black without signal 

intensity, while adipose tissue shows hyperintense due to a 
large number of movable hydrogen ions. Bone marrow, 
which contains a lot of adipose tissues, also shows hyperin-
tense. The signal intensity of other soft tissues varies by dif-
ferent compositions contained therein. As lipoid glandular 
tissues, parotid gland and submandibular gland show higher 
intensity than peripheral muscular tissues. MRI is better than 
CT in development of soft tissues, so it mainly applies to 
detect lesions in oral and maxillofacial region soft tissues 
and temporal-mandibular joint [4], and serves as the primary 
examination method for disturbance syndrome of temporo-
mandibular joint [5, 6].
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Fig. 10.5 MRI scanning at midline sagittal plane. 1. Nasal cavity 2. 
Palate plate 3. Lingua 4. Mandible 5. Nasopharynx 6. Oropharynx 7. 
Epiglottis

Fig. 10.3 Non-enhanced CT scan of maxillofacial region at sagittal 
plane (nasal septum plane). 1. Frontal sinus 2. Ethmoidal sinus 3. 
Nasal cavity 4. Nasal concha 5. Superior alveolar process 6. Skull base 
7. Nasopharynx 8. Oropharynx

Fig. 10.4 Non-enhanced MRI scan of parotid gland at transverse 
plane. 1. Ascending ramus of mandible 2. Pharyngeal cavity 3. Masseter 
4. Medial pterygoid 5. Parotid gland
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Imaging Anatomy of Cervical Space

Xiaoping Tong and Heng Liu

11.1  Foundation of Imaging Anatomy

Cervical region contains the common carotid artery and its 
branches, jugular vein and vagus nerve posterior to carotid 
sheath. Cervical region is divided into hyoid bone upper and 
lower parts by hyoid bone, with thyroid cartilage, sternoclei-
domastoid, manubrium, and clavicle as main body surface 
symbols, and mandible, hyoid bone, thyroid cartilage, cri-
coid cartilage, cervical vertebra, and sternocleidomastoid as 
main imaging anatomic landmarks. The cervical fascia is 
divided into superficial and deep cervical fascia. The superfi-
cial cervical fascia, which is composed of subcutaneous tis-
sue and platysma muscle, surrounds the whole neck. Deep 
cervical fascia is divided into superficial layer (cover layer), 
middle layer (visceral layer), and deep layer (perivertebral 
layer), wherein twelve main cervical spaces are constituted, 
namely, sublingual space, submandibular space, buccal 
space, submasseteric space, carotid artery space, posterior 
cervical space, parotid gland space, pharyngeal mucosa 
space, parapharyngeal space, retropharyngeal space, viscera 
space and prevertebral (paravertebral space). Among them, 
some cervical spaces overlap with maxillofacial region. 
Cervical region is relevant to the development of branchial 
arch and branchial sac, so it is prone to occur congenital dis-
eases, such as branchial cleft cyst and lymphatic vessel cyst. 
Besides, owing to rich lymphatic drainage in head and neck, 
wherein lymph nodes across the whole body are gathered, 
the region is more likely to occur inflammation, infection, 
and tumor metastasis, thus resulting in enlargement of cervi-
cal lymph nodes.

11.2  CT Imaging Anatomy

11.2.1  Transverse Plane of Neck

1. Oropharynx inferior level at transverse plane. Mandible 
is arch-shaped, posterior to which genioglossus, sublingual 
gland, submandibular space, and submandibular gland 
therein are located. Intermediate gas density is oropharynx 
cavity, and retropharyngeal space is located between prever-
tebral fascia and oropharynx posterior wall. Carotid sheath is 
located between lateral wall of pharynx and sternocleido-
mastoid. The position of common carotid artery bifureation 
varies from person to person with variation. The portion 
located most posterior to the level is high-density cervical 
vertebra and equidensity muscle, in which intramuscular 
space contains fat, showing hypointense (Fig. 11.1).
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artery 10. Internal jugular vein 11. Internal carotid artery
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2. Through hyoid bone body level. Mandible and its 
posterior hyoid bone form a big and a small arch portions 
with high density, between which geniohyoid and mylohyoid 
muscle are located. Epiglottis body, which is located poste-
rior to hyoid bone, shows arc line shadows. Between epiglot-
tis body and aryepiglottic fold on both sides and anterior 
hyoid bone body, there is vallecula epiglottica or preepiglot-
tic space, which is filled with adipose tissues, thus showing 
hypointense. Posterior to it, there are laryngeal vestibule and 
bilateral piriform recesses, which are air-filled cavity. Carotid 
sheath and sternocleidomastoid are located posterolateral to 
lateral wall of pharynx (Fig. 11.2).

3. Through superior level of thyroid cartilage. This 
plane is approximately flush with the 5th cervical vertebra. 
Between the front end posterior border of thyroid cartilage 
and epiglottic cartilage is thyroepiglottic ligament. The bilat-
eral low-density areas are preepiglottic space. At this level, 
the airway shows a characteristic “felt cap” shape, wherein 
the top of the hat is epiglottic cartilage and two cap peaks are 
aryepiglottic fold (Fig. 11.3).

4. Through intermediate cavity of larynx level. 
Intermediate cavity of larynx is the part of larynx cavity 
between rima vestibule plane and fissure of glottis. It is the 
narrowest part of larynx cavity, with oblate or slit-shaped 
section, which is dependent on the open/close status of glot-
tis. Arytenoid cartilage is located posterolateral to intermedi-
ate cavity of larynx plane. The anterior end of vocal cord 
starts from medial side of thyroid cartilage anterior horn 

middle section, and the posterior end terminates at the vocal 
process of arytenoid cartilage. The narrow fissure that is 
approximately triangular-shaped between the vocal cords on 
both sides is called fissure of glottis (Fig. 11.4).

5. Through cricoid cartilage level. This plane is approx-
imately flush with the 6th cervical vertebra. The circular 
lucency shadow surrounded by cricoid cartilage is inferior 
larynx cavity (infraglottic cavity) and inferior breathing tube. 

Fig. 11.2 Through hyoid bone body level. 1. Mandible 2. Mylohyoid 
muscle 3. Hyoid bone 4. Epiglottis 5. Piriform recess 6. 
Sternocleidomastoid 7. Submandibular gland 8. Vallecula epiglottica 9. 
Aryepiglottic fold 10. Common carotid artery 11. Internal jugular vein 
12. Laryngeal vestibule

Fig. 11.3 Through superior level of thyroid cartilage. 1. Hyoid bone 2. 
Thyroepiglottic ligament 3. Epiglottis 4. Thyroid cartilage 5. Common 
carotid artery 6. Internal jugular vein 7. Epiglottis anterior fold 8. 
Sternocleidomastoid 9. Piriform recess 10. Laryngeal vestibule

Fig. 11.4 Through intermediate cavity of larynx level. 1. Larynx cav-
ity; 2. Common carotid artery; 3. Internal jugular vein; 4. 
Sternocleidomastoid.
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Soft tissues anterior to and posterolateral to cricoid cartilage 
arch are respectively infrahyoid muscles and thyroid gland 
bilateral lobes. Posterior to lamina of cricoid cartilage, there 
is pharynx and esophagus junction (Fig. 11.5).

6. Isthmus of thyroid gland plane. This level is approxi-
mately flush with the 7th cervical vertebra. Thyroid gland is 

located on both sides of trachea, and isthmus of thyroid gland 
is anterior to trachea. Infrahyoid muscles and sternocleidomas-
toid are respectively located anterior and lateral to lateral lobe. 
Triangle of vertebral artery is the space between longus colli 
anterior to vertebral body and anterior scalene muscle lateral to 
vertebral body, with important structures including vertebral 
artery, vertebral venous plexus, inferior thyroid artery, cervical 
sympathetic trunk, and cervicothoracic ganglion (Fig. 11.6).

7. Neck root plane. This level is flush with the 1st tho-
racic vertebra body. At the center of anterior section is tra-
chea with a circular section, and the anterolateral side is 
surrounded by thyroid gland. Esophagus is posterior to tra-
chea. Section of ribs can be seen lateral and posterior to ver-
tebral body (Fig. 11.7).

11.2.2  Sagittal Plane of Neck

Mid-sagittal of neck can display oropharynx, hypopharynx, 
and peripheral structures. oropharynx is between velum 
palatinum free edge and epiglottis superior border plane. The 
epiglottis is located posterior to root of tongue, extending 
into pharyngeal cavity in a leaf-shaped manner. Hypopharynx 
communicates upwards with oropharynx cavity, and down-
wards with trachea. It is continuous with esophagus between 
the section below epiglottis superior border and the inferior 
border of the 6th cervical vertebra body. Laryngeal ventricle 
is located between ventricular fold (false vocal cords) in 
hypopharynx and vocal cords. laryngeal vestibule is above 
the ventricular fold, and infraglottic cavity is below vocal 
cords (Fig. 11.8).

Fig. 11.5 Through cricoid cartilage level. 1. Infraglottic cavity; 2. 
Thyroid gland; 3. Internal jugular vein; 4. Common carotid artery; 5. 
External jugular vein; 6. Cricoid cartilage; 7. Sternocleidomastoid.

Fig. 11.6 Isthmus of thyroid gland level. 1. Isthmus of thyroid gland 2. 
Internal jugular vein 3. Common carotid artery 4. Vertebral artery 5. 
Trachea 6. Thyroid gland 7. Sternocleidomastoid 8. Esophagus

Fig. 11.7 Neck root level. 1. Sternocleidomastoid 2. Trachea 3. 
Clavicle 4. Vertebral artery 5. Thyroid gland 6. Internal jugular vein 7. 
Common carotid artery 8. The 1st rib

Fig. 11.8 Sagittal plane of neck. 1. Nasopharynx; 2. Oropharynx; 3. 
Hypopharynx; 4. Infraglottic cavity; 5. Trachea 6. Soft palate; 7. Root 
of tongue.

11 Imaging Anatomy of Cervical Space
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11.2.3  Coronal Plane of Neck

Scanning at mid-coronal plane of laryngeal ventricle shows 
that epiglottis is in a splayed shape, above which is orophar-
ynx and below which is hypopharynx. The air-filled triangu-
lar cavity space between aryepiglottic fold and oropharynx 
wall is piriform recess. Below aryepiglottic fold, there are 
two processes protruding toward the middle of cavity, among 
which the upper one is vestibular fold formed by ventricular 
folds, and the lower one is vocal fold. The recess between the 
two processes is laryngeal ventricle, namely, the recess 
extending from the intermediate cavity of larynx to the two 
sides. Cricoid cartilage, thyroid gland, common carotid 
artery, internal jugular vein, and sternocleidomastoid can be 
seen lateral to infraglottic cavity and trachea (Fig. 11.9).

11.3  MR Imaging Anatomy

Subcutaneous fat of neck and fat space between tissues show 
hyperintense on both T1WI and T2WI.  Muscle, nerve, and 
lymph node show moderate hypointense, air-filled canals show 
no signal, and larynx, trachea, esophagus and thyroid gland in 
the anterior cervical viscera region are clearly displayed. 

Laryngeal cartilage shows homogeneously isointense on T1WI 
and T2WI.  Thyroid gland shows moderate hyperintense on 
T1WI and T2WI. Due to the flowing void effect, arteries and 
veins in carotid sheath show hypointense, while small or slow 
bloodstream may also show hyperintense. Transverse plane 
shows vessel section, and sagittal plane sometimes shows the 
entire artery. Posterior region of neck is composed of cervical 
vertebra and peripheral muscles, including scalene muscles 
anterior or lateral to cervical vertebra and extensor muscles 
posterior to cervical vertebra, which can be distinguished via 
the hyperintense signals of intermuscular fats [1] (Fig. 11.10).
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Fig. 11.10 Isthmus of thyroid gland level. 1. Common carotid artery 2. 
Internal jugular vein 3. Vertebral artery 4. Isthmus of thyroid gland 5. 
Thyroid gland 6. Sternocleidomastoid 7. Trachea 8. Esophagus

Fig. 11.9 Coronal plane of neck. 1. Oropharynx; 2. Sternocleidomastoid; 
3. Thyroid cartilage; 4. Thyroid gland; 5. Submandibular gland; 6. 
Infraglottic cavity; 7. Trachea;
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Imaging Anatomy of Thyroid Gland

Ying Zou, Shuang Xia, and Wen Chen

12.1  Foundation of Imaging Anatomy

12.1.1  Position and Composition of Thyroid 
Gland

Thyroid gland is below the thyroid cartilage that is located 
anterior and median to the neck. As the biggest endocrine 
gland of human body, thyroid gland is H or butterfly- patterned, 
reddish brown, composed of left and right lateral lobes and 
isthmus therein. Lateral lobes of thyroid gland are located 
anterolateral to hypolarynx and cervical part of trachea. The 
left and right lateral lobes are divided into anterior and poste-
rior borders, superior and inferior extremities, anterolateral 
and anteromedial sides. Its highest point is flush with the mid-
point of thyroid cartilage, and its lowest point reaches the 6th 
tracheal ring. The rear is flush with the height of C5-7. The 
isthmus of thyroid gland in the middle is located anterior to the 
2-4th tracheal rings, connecting left and right lateral lobes. 
Sometimes, it can be seen that a pyramidal lobe protrudes 
upwards from isthmus of thyroid gland. The lobe is of varying 
lengths, and the longest can reach hyoid bone plane [1].

12.1.2  Thyroid Gland Envelope and Blood Supply

Thyroid gland has two layers of envelope, among which the 
outer one is called true envelope. Sheath of thyroid gland is also 
known as false envelope, which is cervical visceral layer fascia 
that envelops the true capsule. The true envelope is a fibrous 
capsule that extends into thyroid gland parenchyma and divides 

the gland into lobes of different sizes. Thyroid gland is envel-
oped by pretracheal fascia, which forms thyroid gland capsule 
called sheath of thyroid gland. The space between two layers of 
envelope is capsule sheath space, in which connective tissues, 
blood vessels, nerves, parathyroid gland and other important 
structures are located. The thickened medial sheath of thyroid 
gland forms suspensory ligaments of thyroid gland, thus con-
necting the thyroid gland with thyroid cartilage, cricoid carti-
lage and tracheal ring at its medial left and right lobes and 
isthmus. For this reason, thyroid gland can move up and down 
along with the larynx when swallowing [1, 2].

Thyroid gland has rich blood supply. Feeding artery is 
mainly superior and inferior thyroid arteries. About 13% of 
people have the lowest thyroid artery. Superior thyroid artery, 
as the first branch of the external carotid artery, typically orig-
inates from the initial part therein. At the upper pole of thy-
roid gland lateral lobe, it is divided into anterior and posterior 
branches entering into gland. Most of inferior thyroid arteries 
originate from subclavian artery branch thyrocervical trunk. 
It is divided into superior and inferior branches that enter thy-
roid gland from the posterior side of lateral lobe. The lowest 
thyroid artery originates from aortic arch, brachiocephalic 
trunk, right common carotid artery and subclavian artery, 
varying greatly, and extends upward along anterior trachea 
into isthmus of thyroid gland. The three main veins of thyroid 
gland are superior, middle, and inferior thyroid veins. Superior 
thyroid vein accompanies with superior thyroid artery, while 
middle thyroid vein often runs alone, and they converge into 
internal jugular vein. Inferior thyroid vein, which has a lot of 
branches, accompanies with inferior thyroid artery and con-
verges into brachiocephalic vein [3].

12.1.3  Nervous and Lymphatic System 
of Thyroid Gland

Interstitial tissue of thyroid gland contains a small number of 
sympathetic nerves, vagus nerves, and peptidergic nerve 
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fibers. Thyroid gland is innervated by superior laryngeal 
nerve and recurrent laryngeal nerve, wherein the superior 
laryngeal nerve accompanies with superior thyroid artery 
and superior thyroid vein. It is located superior to thyroid 
gland. The recurrent laryngeal nerve intersects with inferior 
thyroid artery and inferior thyroid vein. It is located inferior 
to thyroid gland. Superior laryngeal nerve originates from 
the nodose ganglion of vagus nerve and mainly innervates 
cricothyroid muscle, with some branches innervating thyroid 
gland. Recurrent laryngeal nerve originates from thoracic 
segment of vagal nerve trunk and returns to cervical region, 
clinging closely to the posterior thyroid gland. There is close 
anatomical relationship between recurrent laryngeal nerve 
and thyroid gland [3, 4].

The lymphatic system of thyroid gland is extremely rich, 
and there are lymphatic capillaries around capillary plexus 
peripheral to follicle. The latter gradually converges into 
lymphatic vessels, coursing in the connective tissue between 
the lobules, converging into the deep lymph nodes arranged 
along the internal jugular vein, and then injecting into tho-
racic duct and right lymphatic duct [3].

12.1.4  Adjacent Relationship Around Thyroid 
Gland

Anterior to thyroid gland, there are skin, superficial fascia, 
superficial and middle layers of deep fascia, and infrahyoid 
muscles, in which there are four muscles that are divided into 
deep and superficial layers. Paratactic superficial longitudi-
nal rows form the medial sternohyoid muscle and lateral 
omohyoid muscle. The deep layer is divided into upper thy-
rohyoid muscle and lower sternothyroid. Posterior to thyroid 
gland, there are cervical sympathetic trunk and 4 neck vis-
ceral canals, namely, larynx, trachea, pharynx and esopha-
gus. The degree and extent to which left and right lobes of 
thyroid gland expand upwards, downwards and backwards, 
and carotid sheath, which is located lateral to thyroid gland, 
shifts outwards can be determined by the four canals [4].

12.2  CT Imaging Anatomy

The superior-inferior diameter of normal thyroid gland is 
6–7 cm, the left-right diameter is 2–3 cm, and the anterior- 
posterior diameter is 2–3  cm. The above diameters are 
slightly smaller in female than in male. Due to the high 
iodine content of thyroid gland, X-ray is attenuated more 
through thyroid gland than through peripheral soft tissues. 
For This reason, thyroid gland shows slightly brighter on CT 
image, with a CT value of 70HU ± 10HU. On CT images, 
thyroid gland is manifested as soft tissues with high, homo-

geneous density and well-defined borders that are located on 
both sides of the lower cervical trachea. Its density is similar 
to that of bilateral internal jugular veins (Figs. 12.1, 12.2 and 
12.3). When applying enhanced scan, thyroid gland is 
quickly and remarkably enhanced in a homogeneous way, 
and the enhancement lasts a long time [4–6].

Fig. 12.1 Non-enhanced CT scan of cervical region at transverse plane 
(1). 1. Fissure of glottis 2. Cricoid cartilage 3. Thyroid gland lateral 
lobe 4. Infrahyoid muscle 5. Thyroid cartilage 6. Sternocleidomastoid

Fig. 12.2 Non-enhanced CT scan of cervical region at transverse plane 
(2). 1. Infraglottic cavity; 2. Thyroid gland lateral lobe; 3. 
Sternocleidomastoid 4. Thyroid cartilage 5. Cricoid cartilage

Fig. 12.3 Non-enhanced CT scan of cervical region at transverse plane 
(3). 1. Infraglottic cavity; 2. Cricoid cartilage 3. Internal jugular vein; 4. 
Common carotid artery; 5. Thyroid gland lateral lobe;
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12.3  MR Imaging Anatomy

In MRI scanning for normal thyroid gland, thyroid gland lat-
eral lobe is isointense relative to muscle on T1WI sequence. 
Thyroid gland bilateral lobes show homogeneous signals on 
T2WI sequence and hyperintense relative to peripheral mus-
cle tissues of neck (Figs. 12.4, 12.5 and 12.6). Fat suppres-

Fig. 12.4 Non-enhanced MRI scan of cervical region at transverse 
plane (1). 1. Fissure of glottis 2. Thyroid cartilage; 3. Internal jugular 
vein; 4. Common carotid artery; 5. Sternocleidomastoid; 6. Thyroid 
gland lateral lobe

Fig. 12.5 Non-enhanced MRI scan of cervical region at transverse 
plane (2). 1. Infraglottic cavity; 2. Thyroid gland lateral lobe; 3. Cricoid 
cartilage

Fig. 12.6 Non-enhanced MRI scan of cervical region at transverse 
plane (3). 1. Infraglottic cavity; 2. Thyroid gland lateral lobe; 3. Cricoid 
cartilage

sion shows homogeneously isointense or slightly 
hyperintense on T1WI and T2WI. After enhanced scan, thy-
roid gland bilateral lobes are enhanced remarkably and 
homogeneously [3, 7].
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Imaging Anatomy of Skull Base

Jie Hu and Heng Liu

Skull base is an interface between osseous tissue and soft 
tissue. Anatomically, it is divided into many segments, 
mainly composed of the orbital plate of temporal bone, crib-
riform plate of ethmoid bone, sphenoid bone, occipital bone 
and petrous part of temporal bone.

13.1  Anatomic Foundation of Inner 
Skull Base

The medial skull base consists of anterior skull base, middle 
skull base and posterior skull base. Skull base has a host of 
pore canals, through which major blood vessels and nerves 
pass. See Table 13.1 for details.

13.1.1  Anterior Skull Base

The anterior boundary of anterior skull base is frontal squa-
mous part composed of frontal bone orbital plate on both 
sides. The posterior boundary is minor wing of sphenoid 
bone. In the midline area of anterior skull base at superior 
aspect, there is a concave olfactory pit, in which olfactory 
bulb, olfactory tract and olfactory fila are located. Horizontal 
plate of ethmoid bone is located below, separating anterior 
cranial cavity from nasal cavity. Just above the horizontal 
plate of the ethmoid bone, there is a projection known as 
cockscomb. There are many sieve pores on both sides of 
cockscomb. A tubular structure, dubbed foramen cecum, is 
located in frontal-ethmoidal junction area anterior to cocks-
comb. It is an original pore canal connecting anterior cranial 
fossa and nasal cavity. In embryonic development period, 
foramen cecum contains a layer of dural diverticula that con-
nect anterior cranial fossa and nasal cavity mucosal. Under 
normal conditions, all diverticula are closed, and there are 

only connective tissues and osseous tissues in foramen 
cecum. Foramen cecum is common in infants, while the inci-
dence in adults is less than 1.5% (Figs. 13.1 and 13.2).

Cockscomb: Entheses of cerebral falx.
Cribriform plate and olfactory nerve: There are about 

40 small holes distributed on cribriform plate around 
cockscomb. The olfactory nerve, which originates from 
olfactory mucosa at the top of nasal cavity, passes upwards 
through pores of cribriform plate to enter anterior skull 
base, thus forming olfactory bulb, olfactory tract and 
olfactory fila [1].
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Table 13.1 Composition of medial skull base and major arteries and 
nerves coursing therein

Position Composition
Major coursing 
arteries Major coursing nerves

Anterior 
skull 
base

Frontal 
squamous 
part, 
ethmoidal 
sinus, 
cribriform 
plate and 
cockscomb

Anterior 
cerebral artery

Olfactory nerve

Middle 
skull 
base

Minor wing 
of sphenoid 
bone, corpus 
sphenoidale 
and greater 
wing of 
sphenoid bone

Cerebral 
arterial circle

Optic nerve, 
oculomotor nerve, 
trochlear nerve, 
trigeminal nerve and 
abducent nerve

Posterior 
skull 
base

Petrous part 
of temporal 
bone and 
occipital bone

Jugular venous 
bulb
Sigmoid sinus
Vertebrobasilar 
artery

Facial nerve, 
vestibulocochlear 
nerve, vagus nerve, 
glossopharyngeal 
nerve, accessory 
nerve and 
hypoglossal nerve.
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13.1.2  Middle Skull Base

The anterior boundary of middle skull base is minor wing of 
sphenoid bone and the tuberculum sellae. Its base wall is 
mainly composed of the corpus sphenoidale and greater 
wings of sphenoid bone on both sides. The posterior bound-
ary is separated from posterior skull base by petrous part of 

temporal bone and dorsum sellae. Sella turcica in the center 
of the middle skull base and peripheral structures are called 
sellar region. Besides, there are many pores and lumina in 
the middle skull base (Table 13.1, Figs. 13.3, and 13.4).

Fig. 13.1 Optic canal of anterior skull base at transverse plane. 1. 
Cockscomb 2. Ethmoidal sinus 3. Optic canal 4. Anterior clinoid pro-
cess 5. Eyeball 6. Medial rectus 7. Sphenoid sinus 8. Dorsum sellae

Fig. 13.2 Superior orbital fissure of anterior skull base at transverse 
plane. 1. Eyeball 2. Ethmoidal sinus 3. Medial wall 4. Superior orbital 
fissure 5. Hypophysial fossa 6. Nasal septum 7. Greater wing of sphe-
noid bone 8. Pterygoid fossa 9. Sphenoid sinus 10. Dorsum sellae

Fig. 13.3 Oval foramen of middle skull base at transverse plane. 1. 
Greater wing of sphenoid bone 2. Carotid canal 3. Mastoid air cell 4. 
Sigmoid sinus 5. Sphenoid sinus 6. Oval foramen 7. Foramen spinosum 
8. Foramen lacerum

Fig. 13.4 Transverse plane scanning of cochlea at middle skull base. 1. 
Cochlea 2. Head of malleus 3. Vestibule 4. Internal auditory canal 5. 
Pterygopalatine fossa 6. Sphenoid sinus 7. Carotid canal 8. Tympanic 
cavity 9. Mastoid air cell
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13.1.2.1  Sellar Region
1. Sella Turcica. It is saddle-shaped, located at the center 
of the middle skull base, including anterior clinoid process, 
tuberculum sellae, sulcus prechiasmaticus at the front, poste-
rior clinoid process and dorsum sellae at the rear, and pitu-
itary fossa in the middle, wherein pituitary is located.
2. Cavernous Sinus. It is an irregular space between two 
layers of cerebral dura mater on both side of sellar, one on 
each side. It extends forwards to superior orbital fissure and 
backwards to tip of petrous part of temporal bone. The lateral 
border is flat and straight or slightly convex, with a length of 
around 2  cm and an inner-outer width of 1  cm. There are 
internal carotid artery and abducent nerve in the cavity, and 
maxillary ramus and ophthalmic ramus of  oculomotor nerve, 
trochlear nerve, and trigeminal nerve at lateral wall [2].
3. Sphenoid Sinus. Located inferior to saddle bottom.
4. Meckel’s Cave. It is located at the trigeminal nerve 
impression at the tip of petrous part of temporal bone poste-
rior to cavernous sinus. There are trigeminal ganglion and 
trigeminal cistern in the cave.

13.1.2.2  Pores and Lumina
1. Foramen Lacerum. Located most posterior to middle 
skull base, it is surrounded by tip of petrous part of temporal 
bone, corpus sphenoidale, and lateral border of occipital 
bone clivus. Internal carotid artery passes through lacerum to 
enter intracranial area.
2. Foramen Rotundum, Oval Foramen and Foramen 
Spinosum. Foramen rotundum (maxillary nerve), oval fora-
men (mandibular nerve) and foramen spinosum (middle 
meningeal artery) are distributed orderly at medial border of 
the greater wing of sphenoid bone from anteromedial to pos-
terior side.
3. Optic Canal. It is surrounded by minor wing of sphe-
noid bone and lateral border of corpus sphenoidale, lined 
with cerebral dura mater, and communicates with orbit and 
middle skull base [3]. In addition, the optic nerve and oph-
thalmic artery pass through the optic canal.
4. Carotid Canal. Located in petrous part of temporal 
bone, it courses horizontally from posterior-lateral to antero-
medial side. Its external aperture is located anterior to exter-
nal aperture of jugular foramen, and its internal aperture 
connects foramen lacerum and communicates with cavern-
ous sinus and carotid space, through which internal carotid 
artery and sympathetic plexus pass [1].

13.1.3  Posterior Skull Base

The anterior boundary of posterior skull base is boundary 
between dorsum sellae and middle skull base. Posterior bor-
der of petrous part of temporal bone in anterolateral bound-
ary is opening of internal acoustic canal. Posterior skull base 
is surrounded by occipital bone on both sides and posterior 

boundary. At occipital base, there is a occipital foramen con-
necting cranial cavity and vertebral canal (Table  13.1 and 
Fig. 13.5).
1.  Internal Acoustic Canal. It is a bony canal located in 
petrous part of temporal bone, coursing approximately hori-
zontally from medial to lateral, wherein facial nerve, vestibu-
locochlear nerve and accompanying labyrinthine artery and 
vein pass through.
2. Occipital Foramen. It is located at the base of occipital 
bone, flanked by occipital condyle, forming atlanto- occipital 
joint with superior articular process of atlas [1].
3. Hypoglossal Canal. It is located posterior to occipital 
condyle, coursing forwards, downwards, and outwards, 
wherein the internal and external apertures are respectively 
located anterosuperior to occipital foramen and inferior to 
jugular tubercle. Hypoglossal nerve courses in hypoglossal 
canal.
4. Jugular Foramen. Located posterior to petrooccipital 
fissure, it is an irregular canal with internal aperture, cavity 
bore and external aperture, surrounded by jugular notch in 
petrous part of temporal bone and occipital bone notch in 
occipital bone. Internal aperture is connected with groove of 
sigmoid sinus; External aperture is separated from external 
aperture of hypoglossal nerve canal. Cavity bore is separated 
from hypotympanum. Jugular foramen is divided into nerve 
part at anteromedial side and blood vessel part at posterolat-
eral side by intrajugular process [3]. Intrajugular process 
constitutes the posterior border of jugular foramen, extend-
ing outwards from the second half of occipital condyle. It is 
a crucial landmark for operative route of jugular foramen 
lesions.

Fig. 13.5 Hypoglossal nerve canal of posterior skull base at transverse 
plane. 1. Base of occipital bone 2. Jugular foramen 3. Occipital foramen 
4. Mandible 5. Hypoglossal canal 6. Internal occipital crest
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13.2  Imaging Anatomy of Lateral 
Skull Base

Lateral skull base refers to the area posterior to skull base. 
According to the van Huijzer (1984) method commonly used 
for partitioning lateral skull base, when drawing extension 
lines along inferior orbital fissure and fissure petrooccipitalis 
posterior to skull base, the two lines intersect inwards at 
nasopharynx apex and outwards point to posterior border of 
zygomatic bone and posterior border of mastoid process 
respectively. At this point, the triangular area enclosed by the 
two lines is called the lateral skull base [1].

1. Partition. Lateral skull base is divided into infratem-
poral region, auditory tube region, nasopharynx region, 
articular region, auditory region, and neurovascular region. 
Wherein, oval foramen, foramen spinosum, foramen lace-
rum, vidian canal, auditory tube, and jugular foramen are 
located at the lateral side of lateral skull base, while foramen 
rotundum, superior orbital fissure and cavernous sinus are 
located at the medial side. In addition, there are also infra-
temporal fossa, pterygopalatine fossa, temporal-mandibular 
joint and cranial nerves and blood vessels coursing therein.

2. Infratemporal Region. It is located between auditory 
tube region and inferior orbital fissure, with inferior orbital 
fissure as anterior boundary, temporal-mandibular joint and 
infratemporal crest as lateral boundary, and styloid process 
as medial boundary. This region contains part of greater 
wing of sphenoid bone, lower part of temporal bone, fora-
men rotundum, oval foramen, foramen lacerum, foramen 
spinosum and medial and lateral pterygoid.

3. Auditory Tube Region. Lateral to nasopharynx region, 
it is the bony part of auditory tube. Anterior to the region is 
scaphoid fossa formed by base of pterygoid process, which 
provides attachment site for tensor veli palatini and levator 
veli palatini. Auditory tube is the passageway between tym-
panic cavity and nasopharynx part, with opening at the base 
of tympanic cavity anterior wall and ending at lateral wall of 
nasopharyngeal cavity. It can balance atmospheric pressure 
and tympanic cavity pressure.

4. Nasopharynx Region. It communicates forwards with 
nasal cavity and is connected downwards to oropharynx, 
with sphenoid bone base and clivus as superior boundary, 
and prevertebral muscle as posterior boundary. Lateral to the 
region is soft tissues and infratemporal fossa in parapharyn-
geal space. The bilateral nasopharynx regions jointly shape 
nasopharynx roof.

5. Articular Region. Located anterolateral to auditory area, 
the region contains mandible condyloid process, condyloid 
fossa, articular knuckle and articular disc, with attachment site 
of temporomandibular articular capsule as boundary.

6. Auditory Area. Anterior boundary is squamotym-
panic fissure and inferior boundary is styloid process. 
Located anterolateral to neurovascular area, it is composed 
of tympanic part of temporal bone, with main structures of 

petrous part of temporal bone, outer ear, middle ear and 
inner ear.

7. Neurovascular Area. Located posterior to auditory 
tube area, it is composed of external aperture of internal 
carotid artery canal, jugular foramen, hypoglossal foramen 
and styloid process foramen [1, 4, 5].

13.3  Imaging Anatomy of Craniocervical 
Junction Region

Craniocervical junction region contains osseous structures 
such as occipital bone, atlas and axis, and key supporting 
ligaments, such as apical ligament of dens, check ligament, 
and cruciate ligament. There are also internal carotid artery, 
internal jugular vein, vertebral artery and vein, glossopha-
ryngeal and vagus accessory nerve, hypoglossal nerve and C1 
& C2 nerves in the region.

13.3.1  Anatomical Foundation and Imaging 
Anatomy of Osseous Structure

Joints are formed by atlas date-cavity and odontoid process 
anterior border of axis, as well as by lateral mass articular 
fovea, occipital condyle and superior articular process of 
axis. Between atlas and axis, there are four joints that are 
collectively known as atlantoaxial joint. Atlanto-occipital 
joint is formed by occipital condyle matching with superior 
articular surface of atlas (Fig. 13.6).

Fig. 13.6 Odontoid process joint of atlas at transverse plane. 1. 
Mandible 2. Anterior arch of atlas 3. Transverse process of atlas 4. 
Odontoid process of axis 5. Atlas transverse foramen 6. Posterior arch 
of atlas
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X-ray plain film of cervical vertebra opening at frontal 
plane rarely shows overlap of occipital bones. The low- 
density fissure inferior to lateral mass is atlantoaxial joint, 
whose articular surface is inclined outwards and downwards, 
with bilateral symmetry in a splayed shape. Shadow of lat-

eral cervical vertebra mastoid process overlaps with that of 
atlanto-occipital joint. CT thin scan multi-planar reconstruc-
tion (MPR) has outstanding advantages in the display of 
osseous structures [1].

a b

c
d

e f

Fig. 13.7 MRI image and schematic diagram for odontoid process joint of atlas. 1. Prostheses 2. Alar ligament 3. Transverse ligament
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13.3.2  Anatomical Foundation and Imaging 
Anatomy of Important Ligament

In craniocervical junction region, there are multiple liga-
ments (apical ligament of dens, check ligament, and cruciate 
ligament) and fibrous tunic (anterior and posterior atlanto- 
occipital membrane, and tectorial membrane) structures to 
maintain interosseous stability. Apical ligament of dens is 
longitudinal fiber bundles connecting tip of odontoid process 
and anterior border of occipital foramen. It is located between 
atlas anterior membrane and superior longitudinal fasciculus 
of cruciate ligament. There are a large amount of fibrous con-
nective tissues and fats and a small amount of venous plexus 
between apical ligament of dens and superior longitudinal 
fasciculus of cruciate ligament. The check ligament, which 
originates from the dorsolateral side of odontoid process, is a 
fasciculus coursing in outward-inclined direction. It is 
attached at inferior-medial side of ipsilateral occipital con-
dyle, with wing-shaped bilateral symmetry. Cruciate liga-
ment is composed of horizontal part and vertical part, 
forming cruciform cross posterior to odontoid process. The 
vertical part is the thin longitudinal fasciculus (upper and 
lower longitudinal fasciculus), while the horizontal part is 
the transverse fasciculus of nodule at medial surface of atlas 
lateral masses. Tectorial membrane is longitudinal fiber bun-
dles covering odontoid process and surface posterior to cru-
ciate ligament. The membrane is thin, starting from posterior 
axis vertebral body, and reaching the upper part of occipital 
bone base anterior to occipital foramen. It laterally attaches 

to the medial side of atlanto-occipital joint and is upward 
extension of posterior longitudinal ligament. The anterior 
and posterior atlanto-occipital membranes respectively start 
from anterior and posterior arch of atlas, and communicate 
downwards with anterior longitudinal ligament and yellow 
ligament, respectively.

Ordinary X-rays cannot show ligament structure. It deter-
mines whether the transverse ligament is damaged based on 
width of anterior atlanto-odontoid space. CT is mainly used 
for displaying the morphology of bone and joint.

MRI: Generally, slice thickness is 2cm in image acquisi-
tion. Tectorial membrane is best shown at sagittal plane as 
thick, threadlike shadows. Transverse ligament is best shown 
at transverse plane as grey or black fasciculus. Check liga-
ment are best shown at coronal plane as ash black, bilaterally 
symmetric signal shadows in strip pattern [3] (Fig. 13.7).
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Eyeball Lesions
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14.1  Uveitis and Scleritis

14.1.1  [Overview]

Uveitis, a common disease leading to blindness, arises from 
inflammation of vascular tunic at middle layer of eyeball 
wall. It is prone to occur in young adults between 20 and 50 
years old, among which male patients slightly outnumber 
female patients. Causes of the disease, which are very com-
plicated, maybe infection, immunity, and trauma. According 
to anatomical position, uveitis can be classified as anterior 
uveitis, middle uveitis, posterior uveitis, and panuveitis [1–
5]. Anterior uveitis, the most common uveitis, occurs in the 
iris or iris ciliary body, mainly manifested as eye pain radiat-
ing toward ipsilateral superciliary arch and cheek, accompa-
nied by photophobia, tears, vision impairment. Physical 
examination shows ciliary congestion, aqueous humor flare, 
keratic precipitate, and iris nodule. Middle uveitis occurs in 
flat portion of ciliary body, vitreous base, and peripheral 
retina, accompanied by floater, blurred vision, and sore or 
swollen eyes. No positive sign can be observed by macrogra-
phy. Posterior uveitis occurs in choroid, posterior vitreous 
body and retina, mainly manifested as flash sensation, visual 
distortion, dark spots, and vision impairment; Concurrence 
of anterior, middle, and posterior uveitis results in panuve-
itis, typically manifested as a visual disorder. Examination 
reveals vitreous body opacity and chorioretinal diseases.

Scleritis is a rare chronic inflammatory disease, mostly 
caused by adjacent tissues or systemic disease. Mainly char-
acterized by edema in sclera and superficial layer of sclera, 
the disease is common in the middle-aged people ranging 
from 40 to 60 years old, especially occurring frequently 
among 50-year-old people and females. It can be classified 

as episcleritis, anterior scleritis, and posterior scleritis by 
lesion site. It can also be divided into simple, diffuse, nodu-
lar, and necrotizing perforating scleritis by lesion nature 
(Fig. 14.1). In clinical practices, diagnosis is often made by 
combining lesion site and nature, such as diffuse posterior 
scleritis.

Common symptoms include eye congestion, eye disten-
sion and pain, eyeball tenderness, and impaired vision. 
Severe cases may experience proptosis and/or diplopia. 
Patients may suffer from severe pain that is persistent, pro-
found, and pulsatile. This may arise from direct stimulation 
by inflammation, thus resulting in traction of nerve termi-
nals, lacrimation, and photophobia. No mucinous purulent 
secretion will be formed. Fundus changes accompanied by 
the disease include optic disc edema, cystoid macular edema, 
and optic neuritis. The disease may evolve from mild self- 
limited inflammation to necrosis, which may be related to 
visual-threatening complications including uveitis, glau-
coma, cataract, keratitis, retinal edema, and optic neuropa-
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Fig. 14.1 Scleritis. A 37-year-old male patient. Image for anterior seg-
ment of eye with necrotizing scleritis shows that sclera is congestive 
with edema
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thy. Around 50% of cases are related to systemic autoimmune 
abnormalities, such as rheumatoid arthritis, relapsing poly-
chondritis, polyarteritis nodosa, systemic lupus erythemato-
sus, spondylarthritis, Wegener granulomatosis, and giant cell 
arteritis. Laboratory tests may show accelerated erythrocyte 
sedimentation rate, positive rheumatoid factor, antinuclear 
antibody positive. 45% of necrotic scleritis and 30% of pos-
terior scleritis are related to systemic diseases.

14.1.2  [Pathology Findings]

In an early stage, as inflammatory agents destroy blood- 
aqueous humor barrier or blood-retina barrier, some macro-
molecular proteins and cells in the blood infiltrate intraocular 
tissue space or intraocular cavity, so that uveitis is mainly 
manifested as exudative changes. In the advanced stage, pro-
liferative changes are dominant. Recurrent exudation and 
proliferation result in atrophy of eyeball or bulbi phthisis.

Simple scleritis is mainly characterized by angiotelectasis 
and lymphocytes infiltration. Diffuse scleritis is mainly man-
ifested as the bulk of sclera being surrounded by granuloma, 
forming diffuse, hypertrophic lesion.

Nodular scleritis is mainly manifested as nodule being 
enveloped by fibroblasts and multinucleated giant cells, 
causing thickening of tissues. As for necrotizing scleritis, tis-
sue necrosis can occur in the central area of the lesion, fol-
lowed by fatty degeneration and calcification. After the 
necrosis is absorbed, it can cause changes in sclera staphy-
loma. Besides, the disease can also be divided into three 
types by histological type of inflammation: 1. Autoimmune 
scleritis, featured with mixed palisading granulomas, necro-
sis, and vasculitis of all kinds; 2. Infectious scleritis, hall-
marked by acute inflammation and necrosis; 3. Idiopathic 
scleritis, characterized in that chronic nonspecific inflamma-
tion is accompanied by follicle and fibrosis of varying 
degrees.

14.1.3  [Imaging Findings]

1. Ultrasonography. With high specificity, it works 
the best in the diagnosis of posterior scleritis [2]. Characteristic 
findings include flattened posterior eyeball, thickening of 
posterior eye (choroid and sclera), and retrobulbar edema. On 
top of that, posterior scleral thickening can occur with fluid 
accumulation in the Tenon’s capsule space. A dark hypoechoic 
area caused by fascial capsule edema that is connected with 
optic nerve can form a typical T-shaped sign [3–5].

2. CT examination. As for anterior and middle uveitis, 
no remarkable abnormality can be seen on CT images. 

Posterior uveitis is mainly manifested as homogeneous or 
heterogeneous thickening of eye ring, wherein some local 
thickenings are nodular with mild enhancement; In case of 
lesion accompanied by choroidal or retinal detachment, CT 
shows the morphology of detached retinal, mostly in the 
shape of “V” or crescent.

Scleritis is characterized by uveoscleral thickening with 
homogeneous density. In the space of Tenon’s capsule, the 
thickened soft tissue density is often seen with undefined 
borders. Marked enhancement is shown in the enhanced 
scan. Posterior scleritis often involves optic nerve and adja-
cent extraocular muscles, manifested by thickening of nerve 
front end and adjacent extraocular muscles [3–5].

3. MRI examination. According to MRI findings, poste-
rior uveitis shows diffuse thickening of eyeball wall, wherein 
some local thickenings are nodular. The disease shows 
hypointense on T1WI and hyperintense on T2WI, with mild 
and moderate enhancement in enhanced scan. In case of cho-
roidal or retinal detachment, inflammatory exudate typically 
shows hypointense on T1WI and hyperintense on T2WI. Those 
with a high protein content show hyperintense both on T1WI 
and T2WI [3–5].

Diffuse posterior scleritis is featured with diffuse thicken-
ing of sclera, which is typically located in posterior pole, and 
shows slightly hyperintense on T1WI and hypointense on 
T2WI when compared with vitreous body. Enhanced scan 
shows moderate to marked enhancement. MRI can better 
show some relevant eye symptoms, such as optic perineuritis 
and orbital inflammation.

Nodular posterior scleritis is manifested as a local raised 
mass, which shows slightly hyperintense on T1WI and 
hypointense on T2WI when compared with vitreous body. 
Nodular posterior scleritis shows mild enhancement in 
enhanced scan. Posterior scleritis may manifest as choroid 
folds and retinal banding.

14.1.4  [Key Points of Diagnosis]

1. Uveitis. It is common in young adults, clinically mani-
fested as ocular pain, muscae volitantes, sore and swollen 
eye, and visual disturbance. Imaging findings include thick-
ened eye ring and local nodular pattern, with mild to moder-
ate enhancement.

2. Scleritis. Common in middle-aged women, clinically 
manifested as red, swollen orbit and pain in deep part of eye 
with visual impairment. Imaging findings show diffuse 
thickening of eyeball wall or nodular thickening of posterior 
wall, which may be accompanied by anterior optic nerve 
thickening and extraocular muscle thickening. Diagnosis can 
be made according to mild to moderate enhancement.
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14.1.5  [Differential Diagnosis]

1. Retinal pigment degeneration. Similar to old posterior 
uveitis, it is characterized by night blindness, abnormal elec-
troretinogram, or absence of wave.

2. Choroidal melanoma. Common in the middle-aged 
and elderly. Most of the patients suffer from unilateral onset 
and visual impairment, without ocular pain. Typically, the 
lesion protrudes toward vitreous body in a mushroom shape. 
When compared with vitreous body, the tumor shows hyper-
intense on T1WI, and hypointense on T2WI. In an enhanced 
scan, the tumor shows moderate to marked enhancement, yet 
the surrounding effusion shows no enhancement.

3. Choroidal metastatic tumor. It is manifested as thick-
ening of choroid and sclera, but rarely causes pain or inflam-
mation. Primary malignant lesion is quite common.

4. Retinal detachment. Exudative cases suffer from sud-
den vision loss and visual field defects, without eye pain or 
sclera thickening. Rhegmatogenous cases suffer from retinal 
detachment first and then uveitis.

5. Nodular scleral thickening. It causes severe pain, 
wherein the color of mass is similar to that of adjacent nor-
mal retina pigment epithelium, with chessboard pattern of 
choroid as normal.

14.1.6  [Status Quo and Progress of Research]

CT and MRI are rarely used for uveitis and scleritis, with 
main findings including thickening of eye ring. DWI shows 
remarkable hyperintense in case of any pyogenic infection 
abscess formed. CT and MRI stand out for the visual display 
of extraocular changes, such as changes in other orbital 
structures and optic nerve.

The diagnosis of uveitis and scleritis mainly relies on 
clinical manifestations, such as ocular pain and inflammation 
symptoms. In addition, ophthalmological examinations, 
including optical coherence tomography (OCT), have 
already become important tools for detecting posterior seg-
ment diseases. These tools cannot only diagnose infectious 
or noninfectious uveitis but also follow up the disease course 
and monitor therapeutic effect.

14.2  Vitreous Abscess

14.2.1  [Overview]

Vitreous abscess, an infectious disease that can cause grave 
damage in eyeball structure and vision, is often manifested 
as the involvement of eyeball in addition to sclera. It is often 

caused by trauma or pyogenic infection in other body parts. 
Aseptic or noninfectious vitreous abscess is often caused by 
residue of intraocular lens substance and toxic drugs. It is 
characterized by acute onset, rapid progress, poor curative 
effect, and serious consequences. The disease has no obvious 
gender difference and is common in children and elder popu-
lation, with unilateral or bilateral onset. The common clini-
cal manifestations include redness and swelling of eyeball, 
orbit pain, sharp loss of vision or blindness. Specialty exami-
nation indicates conjunctival congestion in affected eyeball, 
weakened or absent response of pupil to light, shallow or 
absent anterior chamber of eye.

14.2.2  [Pathology Findings]

In acute phase, a large number of neutrophils, lymphocytes, 
and monocytes/macrophages appear in vitreous body, 
wherein abscess is distributed throughout entire vitreous 
body in a diffuse or multilocular manner. In chronic phase, it 
can be seen that proliferated fibrous tissue grows into vitre-
ous body, resulting in vitreous body contraction, retinal and 
choroidal detachment, and even atrophy of eyeball.

14.2.3  [Imaging Findings]

1. CT examination. It can detect any foreign object in eye 
and combined infection occurred. In acute phase of abscess, 
eyeball grows bigger slightly, and vitreous body shows a 
higher density in the non-enhanced scan, equivalent to that 
of eye ring. Single or multiple low-density areas can be 
observed in abscess with round or elliptical changes and 
unclear borders. After enhanced scan, circular or petaloid 
enhancement pattern and soft tissue structures peripheral to 
eyeball can be observed, with some lesions accompanied by 
eyelid swelling. In chronic phase, eyeball grows smaller, eye 
ring is thickened obviously, while the lesion is typically 
manifested as low density and subject to mild enhancement 
after enhanced scan.

2. MRI examination. It is rarely applied, yet can be 
used for cases with orbital infection and involved cavern-
ous sinus as required. Compared with normal vitreous 
body, it shows isointense or hyperintenseon T1WI in non-
enhanced scan and hyperintense on T2WI and DWI, with 
ring enhancement after enhanced scan. Fluid attenuated 
inversion recovery (FLAIR) sequence can better show the 
T2WI hyperintense of vitreous body. When inflammation 
involves orbit, orbital fat may be manifested as a cord-like 
soft tissue signal shadow. Uvea involvement can be better 
shown on T1WI.

14 Eyeball Lesions
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14.2.4  [Key Points of Diagnosis]

 1. CT shows increased density in vitreous body and low- 
density areas therein; MRI shows increased signal on 
T1WI and T2WI; After enhancement, the abscess wall is 
remarkably enhanced, showing ring or petaloid enhance-
ment; Eye ring is often thickened.

 2. It is common in children and the elderly who may have a 
history of trauma or infection at other sites.

 3. Clinical manifestations include sudden swelling, redness 
and pain of eyeball, sharp loss of vision, and even 
blindness.

14.2.5  [Differential Diagnosis]

1. Persistent hyperplasia of vitreous body. It is more com-
mon in infants and children. CT or MRI shows a cord or strip 
of soft tissue shadow spanning from posterior border of lens 
to optic disc, accompanied by mild enhancement and 
microphthalmia deformity.

2. Retinoblastoma. Ninety percent (90%) cases occur in 
children below 3 years old, and CT or MRI shows intravit-
real irregular soft tissue mass that originates from eye ring, 
mostly accompanied by patchy calcification, with marked 
enhancement after enhanced scan. The lesion can occur 
bilaterally, and result in trilateral retinoblastoma if intracra-
nial region is involved at the same time.

3. Vitreous traumatic bleeding. As for explicit trauma 
history, CT or MTI displays irregular patchy lesion in vitre-
ous body. The lesion shows high density on CT, heteroge-
neous signal on MRI T1WI and hyperintense on T2WI, with 
undefined border and site. Other traumatic changes in orbit 
can also be shown, such as hematoma and fracture.

14.2.6  [Status Quo and Progress of Research]

DWI can clearly display purulent abscess, showing obvious 
hyperintense, with lowered ADC. As vomica is filled with 
viscous liquid containing bacteria, inflammatory cells, 
mucin, and fragments of cell tissue, these components, as 
well as the combination of water and macromolecules, limit 
the diffusion of water molecules, so the ADC value is remark-
ably lowered [6].

14.3  Choroidal Granuloma

14.3.1  [Overview]

Choroidal granuloma inflammations with various causes are 
collectively called choroidal granuloma, including tubercu-

lous ophthalmia, nodular ophthalmia, uveoencephalitis, 
sympathetic ophthalmia, and choroidal granuloma inflam-
mations caused by fungus, virus, and parasite [6]. Tuberculous 
granulomas mostly occur in young adults. Sarcoid granu-
loma is more common in adults aged 30 to 60. Koyanagi- 
Harada syndrome mostly occurs in yellow race, most 
frequently among people aged 20 to 40. Sympathetic oph-
thalmia often involves ocular trauma and intraocular 
surgery.

Progressive vision loss and ocular pain are common 
symptoms. Choroidal nodular lesions often occur at the pos-
terior pole unilaterally or bilaterally. Intraocular fluid micros-
copy of tuberculous granuloma shows mycobacterium 
tuberculosis, increased serum levels immunoglobulins of 
sarcoidosis granuloma and positive Kveim test result. 
According to fundus fluorescein angiography, nodule shows 
hypofluorescence in an early stage and hyperfluorescence in 
the advanced stage.

14.3.2  [Pathology Findings]

The pathological changes caused by choroidal granuloma 
vary greatly by etiology, which is common in tuberculosis 
and sarcoidosis. Nodules are usually less than 2  mm in 
diameter. Tuberculous choroidal granuloma is manifested 
as single or multiple miliary yellow-white nodules at the 
posterior pole of fundus, few of which can form large 
lumps; Microscope findings show granulomas composed of 
a large number of macrophages, epithelial cells, and lym-
phocytes, multinucleated giant cells can also be observed 
sometimes. The central area is dominated by caseous 
necrosis. Tubercle bacilli in the necrotic area can be seen 
by acid-fast staining. Sarcoid choroidal granulomas are 
characterized by yellow- white or gray-white exudation 
peripheral to blood vessels at the posterior pole. The exuda-
tion is shaped like wax drops or yellow nodular lumps; 
Microscopy findings are similar to tubercle, yet there is no 
caseous necrosis in the nodules.

14.3.3  [Imaging Findings]

The imaging findings of choroidal granuloma are single or 
multiple nodules in choroid, wherein large nodules are mass- 
shaped with clear border, or diffuse, miliary nodules, with 
blurred border.

1. CT examination. Eye ring is thickened and homoge-
neous in density, showing isodense as extraocular muscle. 
Large nodules protrude into the eyeball. Tuberculous nod-
ules may show heterogeneous density, and a small number of 
lesions have calcification. Mild to moderate enhancement is 
shown in the enhanced scan.
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2. MRI examination. It is recommended to use surface 
coils for collection. High-resolution surface coils can display 
lesions with a diameter above 2  mm. MRI findings show 
small or medium-sized elevated lesions. Compared with vit-
reous body, the lesion shows slightly hyperintense on T1WI 
and hypointense or isointense to hyperintense heterogeneous 
signals on T2WI. Tectorial membrane adjacent to eyeball is 
thickened and soft tissue shadows can be seen in Tenon cap-
sules space. Mild to moderate homogeneous or heteroge-
neous enhancement is shown in the enhanced scan. A small 
number of cases show changes related to retinal 
detachment.

14.3.4  [Key Points of Diagnosis]

 1. CT and MRI show thickening of eye ring and single or 
multiple nodules in choroid, which can also be fused into 
masses. The lesion shows mild to moderate enhancement 
after the enhanced scan.

 2. Among young adults, the disease results in slow progres-
sive vision loss and pain in eyes.

 3. Systemic diseases such as tuberculosis and sarcoidosis 
can occur at the same time.

14.3.5  [Differential Diagnosis]

1. Choroidal hemangioma. Non-enhanced CT scan is of 
little significance in the diagnosis of choroidal hemangioma, 
which shows marked enhancement after the enhanced scan. 
MRI is better than CT in diagnosis, wherein the lesion shows 
hyperintense on T1WI and hypointense on T2WI when com-
pared with vitreous body. Beyond that, the lesion shows 
marked enhancement in enhanced scan, typically compli-
cated by retinal detachment.

2. Choroidal melanoma. Owing to the paramagnetism of 
melanin, the tumor shows hyperintense on T1WI, hypoin-
tense or heterogeneous on T2WI, and moderate to marked 
enhancement in enhanced scan.

3. Choroidal metastatic tumor. Eyeball wall has local 
thickening or nodular bump, which shows marked enhance-
ment after enhanced scan. In addition, the patient has a his-
tory of primary tumors in other parts of the body.

14.3.6  [Status Quo and Progress of Research]

CT and MRI show thickening of eye ring and single or mul-
tiple nodules in choroid, which can also be fused into masses. 
The lesion shows mild to moderate enhancement after 
enhanced scan. MRI high-resolution coil and scanning 
method can show 2 mm small choroidal nodules.

14.4  Ocular Tendonitis

14.4.1  [Overview]

Ocular tendonitis refers to an acute inflammation of fascia 
peripheral to eyeball. It is relatively rare in clinical, with an 
unknown cause. It is generally believed that the disease arises 
from vasogenic edema caused by an allergy. Usually, the dis-
ease is divided into serous and suppurative ocular tendonitis. 
Serous ocular tendonitis typically involves bilaterally, with 
common symptoms of conjunctiva edema of eyeballs, charac-
terized by a sudden onset and rapid progression. The disease 
is usually related to autoimmune disease, complicated by sys-
temic immune diseases, and is easy to relapse. Suppurative 
ocular tendonitis typically is unilateral, whose symptoms are 
more severe than serous ocular tendonitis, characterized by 
sharp, severe pain or tenderness on unilateral eye, swelling of 
eyelid, chemosis as well as limitation of eye movement. It 
usually arising from the spread of suppurative inflammation 
in adjacent structures, trauma or iatrogenic infection. Visual 
acuity and fundus are generally not involved, yet patient may 
experience double vision. Therapeutic schedule includes hot 
compress, eyeball fixation, oral administration or local injec-
tion of steroid hormone and oral administration of sodium 
salicylate at a high dose. Suppurative cases require systemic 
antibiotics application for anti-inflammation. In case of any 
abscess formed, abscess incision drainage is required. Without 
timely and effective treatment, orbital abscess or ophthalmitis 
may appear, accompanied by serious complications, resulting 
in vision loss.

14.4.2  [Pathology Findings]

Basic pathological changes include bulbar conjunctiva 
hyperemia and subconjunctival yellow pus. Eyeball may 
attach to fascia after the inflammation fades away.

14.4.3  [Imaging Findings]

1. CT examination. Eye ring is locally thickened with 
coarse borders, and its density is similar to that of the adja-
cent eyeball wall. Some cases may be accompanied by thick-
ening of extraocular muscle and enlargement of Tenon’s 
capsule. Marked enhancement or ring enhancement is shown 
after enhanced scan.

2. MRI examination. Eye ring is locally thickened, with 
slightly hypointense on T1WI, and slightly hyperintense on 
T2WI, which is markedly enhanced after enhancement. It can 
be manifested as a “T”-shaped hyperintense shadow in 
 retrobulbar fascial space, suggesting Tenon's capsule edema 
effusion.
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14.4.4  [Key Points of Diagnosis]

 1. Sudden onset, bulbar conjunctiva edema, proptosis, and 
movement limitation, with specific infection history.

 2. Laboratory test shows increased leukocyte count and 
erythrocyte sedimentation rate.

 3. Imaging findings show local thickening and marked 
enhancement of eye ring.

14.4.5  [Differential Diagnosis]

1. Intraorbital cellulitis. Monocular onset is common, with 
obvious local symptoms, typically accompanied by high 
fever, failure, and other systemic symptoms.

2. Eyeball lymphoma. It typically involves conjunctiva 
or preorbital area while forms conjunctiva edema and pain-
less pink, fish meat-like lump in subconjunctival region. 
MRI findings are characteristic. The lesion shows isointense 
or slightly hypointense on T1WI and T2WI, and hyperin-
tense on DWI.  It can be moderately enhaced after 
enhancement.

3. Uveitis. Common in young adults, with imaging find-
ings manifested as thickened eye ring and local nodular pat-
tern, with mild to moderate enhancement. Scleritis is 
common in middle-aged females. Imaging findings show 
diffuse thickening of eyeball wall or nodular thickening of 
posterior wall, which may be accompanied by anterior optic 
nerve thickening and extraocular muscle thickening. 

Diagnosis can be made according to mild to moderate 
enhancement.

14.4.6  [Status Quo and Progress of Research]

The disease is rare, with unknown cause. CT only displays 
thickened eye ring, coarseness, and other inflammations, 
with enlarged tenon’s capsule and annular enhancement in 
enhanced scan. MRI can better show inflammation and effu-
sion than CT. Pyogenic infection shows marked hyperintense 
on DWI.
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15.1  Orbital Inflammation

15.1.1  Intraorbital Cellulitis and Periorbital 
Abscess

15.1.1.1  [Overview]
Intraorbital cellulitis is an acute inflammation of intraorbital 
soft tissue caused by bacterial infection. It is most common 
in children and is a chief culprit for proptosis among them. 
Two in three cases are secondary to rhinosinusitis, and 
around 25% of orbital infections occur in the wake of trauma. 
Besides, orbit is involved in 8%–10% of cases involve due to 
skin infection. Among adults, intraorbital cellulitis is mainly 
caused by acute and chronic dacryocystitis. The site of lesion 
is crucial. Preseptal infection rarely affects orbital function, 
whereas postseptal infection can undermine optic nerve and 
eye movement. Intraorbital cellulitis can be roughly divided 
into the following five types by its development phase: 1. 
Inflammatory edema; 2. Subperiosteal cellulitis and abscess; 
3. Intraorbital cellulitis; 4. Orbital abscess; 5. Thrombosis in 
ocular vein and cavernous sinus. It is difficult to strictly dif-
ferentiate each phase due to the overlapped symptoms. Both 
preseptal and postseptal cellulitis may be manifested as 
swelling of periorbital soft tissue and chemosis, but impaired 
vision and ophthalmoplegia are often a measure of postseptal 
cellulitis. Retarded or even absent light reflex may occur 
after irreversible injury of optic nerve. Therefore, as for chil-
dren who cannot perform visual examination, light reflex of 
pupil can only serve as one of the criteria to judge visual 
acuity impairment. Without timely treatment, the infection 
can lead to superior ophthalmic vein thrombophlebitis and 
orbital abscess. The presence of somnolence and related neu-
rological symptoms often prompts that the disease has 

already involved brain. Severe intracranial complications, 
such as cavernous sinus thrombophlebitis, meningitis, or 
brain abscess, occurred can be life-threatening, to which 
high attention must be paid.

Chief complaints include that periorbital tissues are 
remarkably red, swollen, hot, and painful, which may be 
accompanied by fever, anorexia, dysphoria, weakness, and 
other systemic symptoms. Eye examination can reveal exten-
sive swelling of soft tissue, including redness, swelling, heat 
and pain of eyelid, congestion and edema in bulbar conjunc-
tiva, proptosis, disorder of ocular movement or visual loss 
(Fig. 15.1).

15.1.1.2  [Pathology Findings]
The main pathological findings are inflammatory cell infil-
tration in the lesion area. When combined with abscess, cys-
tic cavity is necrotic tissue, and cyst wall is new granulation 
tissue.

15.1.1.3  [Imaging Findings]
1. CT Examination. CT findings vary by different stages of 
intraorbital cellulitis. In an early stage of inflammation, eye-
lid soft tissue is thickened with a higher density. Preseptal 
soft tissue is swollen, with blurred boundary, and the intraor-
bital structure is normal. As the disease progresses, the lesion 
can involve area lateral to intraocular muscles, often accom-
panied by thickened extraocular muscle with blurred border. 
Besides, the retrobulbar fat density is slightly increased, with 
more spots and cord shadows therein. Afterwards, orbital 
structural interface becomes blurred, and density of intraor-
bital soft tissue increases diffusely, complicated by propto-
sis, thickening of optic nerve and coarse border. Lesions in 
periorbital structures can also be shown in scanning, which 
helps identify the source of infection (Fig.  15.2). CT can 
show changes in bone structures (Fig. 15.3). The absence of 
lamina papyracea portion at medial wall can be seen in some 
cases. Congenital absence or thinning of lamina papyracea at 
medial wall can result in intraorbital inflammation, while 
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inflammation of ethmoid sinus can also affect osseous ero-
sion, giving rise to the absence of orbital wall lamina papyra-
cea. When the lesion spreads into intracranial area, it may 
cause subdural abscess or meningitis. In such case, enhanced 
scan or MRI examination is required for diagnosis. Enhanced 
scan can reveal ring enhancement of abscess wall. Most 
cases are subperiosteal abscess of orbit, which may be com-
plicated by preseptal or intraorbital abscess; Enhanced scan 
also shows thickening of meninges.

2. MRI Examination. MRI scan can clearly show struc-
tures and lesions medial and lateral to orbit. The common 
diffuse inflammation is mainly manifested as blurred subcu-
taneous fat or postorbital fat space, showing diffusely hyper-

intense on T2WI with fat suppression sequences and is 
enhanced on MRI T1WI with fat suppression sequences. In 
an early stage of inflammation, lesions are limited to orbital 
peripheral space, most of which are located at medial orbit, 
adjacent to paranasal sinus. When compared with extraocu-
lar muscle, the lesion shows isointense on T1WI and hyper-
intense on T2WI, with blurred, irregular borders, typically 
accompanied by rhinosinusitis at adjacent side. Diffuse cel-
lulitis can result in blurred intraorbital structures and pro-
ptosis of varying degrees. According to T1WI fat suppression 
enhanced scan, intraorbital inflammatory tissue is enhanced 
diffusely. Abscess formed is manifested as a mass shadow 
of soft tissue with blurred borders in orbital fats. The abscess 

a b

Fig. 15.1 Left intraorbital cellulitis and periorbital abscess. A 50-year-old male patient. (a) Left eyelid swelling (b) Eyelid swelling is signifi-
cantly relieved after incision and drainage

a b

Fig. 15.2 Left intraorbital cellulitis and periorbital abscess. A 50-year- 
old male patient (the same patient as Fig. 15.1) (a and b). CT at coronal 
plane shows swollen subcutaneous soft tissue on the left side of face, 

with blurred boundary; Soft tissue in left supraorbital region is obvi-
ously swollen. A low-density shadow can be seen therein, suggesting 
abscess formation
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shows hypointense on T1WI and hyperintense on T2WI 
because pus contains rich necrotic components. Owing to 
abundant fibrous tissues, abscess wall shows hypointense on 
T1WI and isointense or slightly hypointense on 
T2WI.  According to enhanced scan, abscess wall shows 
marked enhancement, the central necrotic area is not 
enhanced, and the inner and outer abscess walls are rela-
tively smooth. In case of optic nerve involved, the optic 
nerve can be thickened with coarse border. The lesion shows 
elevated signal on fat suppression T1WI.  After enhanced 
scan, optic nerve border is enhanced in a sheath-like manner 
on fat suppression T1WI.  MRI also reveals the thickened 
eyeball wall and elevated fat suppression T2WI signal at 
intraocular area and eyeball wall. Cellulitis can also cause 
cavernous sinus thrombosis and supraorbital vein thrombo-
phlebitis. Compared with the contralateral side, intraorbital 
fat of the affected side shows hypointense on T1WI and 
hyperintense on T2WI.  Magnetic resonance shows dilated 
cavernous sinus, thickened supraorbital vein, and formation 
of subdural abscess or cerebral infarction. The abscess, with 
limited internal diffusion, shows hyperintense on DWI 
sequence.

15.1.1.4  [Key Points of Diagnosis]
 1. The disease is common in children, with acute onset, 

characterized in that eyelid is swollen and painful with 
erythema in an early stage, and intraorbital area is 
involved, thus causing proptosis as well as 
ophthalmoplegia.

 2. Lesions are mostly located at medial orbit and adjacent to 
paranasal sinus. CT and MRI show blurred, irregular bor-
der of lesion, which can make orbital structures blurred in 
severe cases; Through enhanced scan, intraorbital inflam-
matory tissues show diffuse enhancement, most of which 
are heterogeneous, with limited abscess diffusion, smooth 
wall and ring enhancement.

15.1.1.5  [Differential Diagnosis]
1. Orbital Tumor. Intraorbital cellulitis needs to be differen-
tiated from tumors that develop rapidly in orbit. For exam-
ple, rhabdomyosarcoma also features with acute onset, 
accompanied by redness, swelling, heat, pain, and other 
symptoms of inflammatory lesions. Based on image find-
ings, rhabdomyosarcoma involves limited range, with homo-
geneous density and signal, mostly accompanied by bone 
destruction of orbital wall.

2. Subperiosteal Lesion. Subperiosteal abscess of orbit 
needs to be distinguished from other subperiosteal lesions, 
such as dermoid cyst, and subperiosteal hematoma. Epidermoid 
cyst or dermoid cyst are congenital lesions, mostly adjacent to 
sutura. CT shows homogeneous or heterogeneous fat density, 
with osseous changes in orbital wall caused by compression. 
The lesion is usually not difficult to distinguish. Subperiosteal 
hematoma is usually accompanied by orbital wall fracture, 
rupture of eyeball and other eye traumas.

3. Inflammatory Pseudotumor. Cellulitis needs to be 
distinguished from inflammatory pseudotumor. Inflammatory 
pseudotumor is a nonspecific inflammation of intraorbital 
soft tissue with unknown origin. In most cases, the lesion is 
similar to tumor, mainly located in inner & outer spaces of 
muscle cone. The lesion is typically accompanied by thick-
ening of eye ring and ocular muscle. By contrast, cellulitis 
shows diffuse lesion, with more severe clinical symptoms.

4. Ocular Changes Caused by Cavernous Sinus and 
Fistula. Intraorbital cellulitis needs to be differentiated from 
ocular changes caused by cavernous sinus and fistula. The 
latter occurs in the wake of craniofacial trauma, which may 
also feature with proptosis, conjunctival edema and thick-
ened extraocular muscle. As for cavernous sinus and fistula, 
however, proptosis is mostly pulsatile, accompanied by typi-
cal symptoms of intracranial murmur. Besides, intracranial 
hemorrhage and ischemia and subarachnoid space hemor-
rhage can be found in craniocerebral CT examination.

a b c

Fig. 15.3 Left intraorbital inflammation, subperiosteal abscess. A 
24-year-old male patient. The left eye was red, swollen and painful for 
1 week and worsened for 3 days. (a and b) CT soft tissue window shows 
peripheral space soft tissue shadow at left orbit. The lesion is closely 

related to the left ethmoid sinus, in which soft tissue can be also seen. 
Left medial rectus moves inward by compression, and left soft tissue in 
left dacryocyst area is swollen; (c) Bone window shows thinning of the 
left cribriform plate
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15.1.1.6  [Status Quo and Progress of Research]
Diagnosis for intraorbital cellulitis and orbital abscess relies 
mainly on clinical findings. Imaging findings aim to assess 
the extent of lesion and the presence of abscess formed. CT 
examination is essential for detecting small subperiosteal 
abscesses at the upper and lower orbital walls. Besides, it can 
also clearly show the relationship between the lesion and 
bone structure and whether it is accompanied by osteomyeli-
tis. MRI examination can identify the extent of intraorbital 
cellulitis in an early stage, while assess whether optic nerve 
is involved or presence of thrombosis in cavernous sinus 
area. DWI can clearly show the presence of abscesses, and it 
has been a routine examination for orbital inflammatory dis-
eases [1–3].

15.1.2  Idiopathic Orbital Inflammatory 
pseudotumor

15.1.2.1  [Overview]
Inflammatory pseudotumor, also known as idiopathic orbital 
inflammatory pseudotumor, is a nonspecific granuloma with 
unknown cause. It is called inflammatory pseudotumor as its 
clinical symptoms and signs are similar to tumors, mani-
fested as chronic inflammatory cell infiltration under micro-
scope. Currently, the disease is deemed as relevant to 
autoimmune response, rhinosinusitis and virus infection. 
The disease occurs regardless of age, but is more common in 
adults, with incidence significantly higher in males than 
females. Most patients suffer from the acute monocular onset 
with fast progression. The prognosis is poor in some cases. 
As for adults, the presence of bilateral lesions often suggests 
systemic vasculitis or systemic dysplasia of lymphoid tissue. 
Children account for 6% to 16% of patients with inflamma-
tory pseudotumor. About one in three child patients suffer 
from bilateral involvement, which is rarely related to sys-
temic diseases. The disease ranks the 3rd in orbital lesions, 
accounting for 7.1%, second only to thyroid-associated oph-
thalmopathy and lymphoproliferative diseases. The lesion 
can invade a variety of intraorbital structures, but typically 
focuses on certain tissues, including eyeball, extraocular 
muscle, optic nerve, and fat. It constitutes one of the most 
common causes of unilateral proptosis [4].

15.1.2.2  [Pathology Findings]
The most basic pathological changes of inflammatory pseu-
dotumor are pleomorphic inflammatory cell infiltration, lym-
phocyte maturation and fibrovascular proliferation. It can be 
divided into lymphocytic infiltration, fibrous hyperplasia and 
mixed types based on components of cells.

1. Lymphocytic Infiltration Type. The most common 
type, typically occurring in orbital fiber adipose tissue and 
lacrimal gland, manifested as fragile off-white mass, without 
capsule. Microscopic findings show contiguous lymphocytes 
that may form follicles, accompanied by plasma cells, eosin-
ophils, neutrophils, and histiocytes. A small number of blood 
vessels and the proliferation of fibrous tissue can be seen in 
the lesion.

2. Fibrous Hyperplasia Type. Clinically known as scle-
rotic inflammatory pseudotumor, which can invade a variety 
of orbital tissues (including fibrous fat, extraocular muscle, 
optic nerve sheath, periosteum and tenon's capsule), thus 
forming sclerotic scar tissue. Microscopic findings show a 
large number of fibrous connective tissue hyperplasia and 
collagenization, in which a few chronic inflammatory cells 
are scattered or a few lymphocytes are around contiguous 
collagen fibers.

3. Mixed Type. Mainly manifested as chronic inflam-
matory granuloma. There are abundant lymphocyte infiltra-
tions in the hyperplastic microvascular tissues, while 
epithelioid cells, plasma cells and eosinophil can also be 
observed. The lesion can involve single structures in orbital 
cavity, such as eyelid, extraocular muscle, tenon's capsule 
and optic nerve sheath, or involve the entire orbit in a dif-
fuse manner.

15.1.2.3  [Clinical Manifestation]
This disease may have acute, subacute or chronic onset and 
development. Common clinical manifestations are proptosis, 
ocular pain, disorder of ocular movement, orbital nodule or 
lump, visual impairment, optic disc edema or atrophy, and 
diplopia. Clinical manifestations vary by sites involved, type 
of affected tissue and disease course. When pathogen passes 
through blood vessels (especially main artery and arteriole), 
it causes thrombosis and ischemia, infarction and necrosis of 
adjacent tissues.

15.1.2.4  [Imaging Findings]
1. CT Examination. CT findings vary by different structures 
involved by the lesion. Generally, the lesion exhibits the 
same density as soft tissue and can be enhanced to varying 
degrees after enhancement. Lesion mainly manifested as 
hyperplastic mass may occur in any part of orbit, typically 
showing irregular soft tissue mass shadows, with clear bor-
der. The adjacent extraocular muscle is displaced due to 
compression, with indefinite border. Lesion involving the 
lacrimal gland is typically manifested as lacrimal gland 
enlargement, wherein both orbit and eyelid can be involved 
in most cases. There is no specific focal mass, lesion density 
is homogeneous, and adjacent fat space is blurred, which 
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may occur grid-shaped changes spreading to peripheral 
structures. A thickened eyelid can also be observed 
(Figs. 15.4 and 15.5). Lesion involving extraocular muscle is 
manifested as diffuse thickening of one or multiple extraocu-
lar muscles, with coarse borders and thickened involvement 
at entheses of tendon in most cases. Lesion involving tenon’s 
capsule is manifested as thickened eyeball wall, coarse bor-
der, and blurred adjacent fat space, which can be enhanced 
after enhancement. Lesion involving optic nerve sheath is 
manifested as diffuse thickening of optic nerve, with coarse 
border. After enhancement, ring enhancement can be 
achieved at border of optic nerve. Diffuse inflammation is 

manifested as retrobulbar diffuse soft tissue density, with 
blurred boundary between the rest of the structures, absence 
of low density of adipose body of orbit, thickened optic 
nerve, and blurred borders. Lesions may involve extraocular 
structure through orbital pore and canal, while the orbital 
wall bone is typically not involved.

2. MRI Examination. It clearly shows the morphology 
and involvement scope of the lesion, while judges the patho-
logical types according to the different signals. As for cases 
characterized by lymphocytes infiltration, the lesion shows 
hypointense on T1WI and isointense on T2WI; As for cases 
characterized by fibroplasia, the lesion shows hypointense 

a b

c d

Fig. 15.4 Inflammatory pseudotumor at left lacrimal gland. A 48-year- 
old male patient. Inflammatory pseudotumor of left lacrimal gland, 
before and after treatment (a) Non-enhanced CT scan of orbit at coronal 
plane shows enlargement of left lacrimal gland and blurred boundary 

between lesion and lateral rectus or superior rectus; (b) The lesion is 
moderately enhanced after enhanced scan; (c and d) CT at transverse 
plane shows that left lacrimal gland is significantly reduced after steroid 
pulse therapy. It suggests that the disease is remarkably relived
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on both T1WI and T2WI; Enhancement of varying degree 
can be shown in enhanced scan (Figs. 15.6 and 15.7).

15.1.2.5  [Key Points of Diagnosis]
 1. CT and MRI examination can show abnormal changes in 

single or multiple intraorbital structures, including 
enlargement of lacrimal gland and involvement of eyelid 
and orbit; Extraocular muscle and tendon entheses are 
thickened. Tenon’s capsule is thickened, with coarse bor-
ders. Border is enhanced after enhanced scan.

 2. Density and signal of intraorbital region are diffuse and 
abnormal, with blurred borders among structures. Bone 
of orbital wall is not involved notably.

 3. Hormone therapy is effective.

15.1.2.6  [Differential Diagnosis]
1. Lymphoma. Inflammatory pseudotumor mainly charac-
terized by lymphocyte infiltration can hardly be distin-
guished from lymphoma. As for lymphoma mainly 
characterized by fibroplasia, the lesion shows slightly 
hypointense on T2WI, which is different from lymphoma 
signal. Lump formed by inflammatory pseudotumor may 
be located inside or outside muscle cone or involve both. 
Lymphoma is common in middle aged and elderly people, 
mostly in the lacrimal gland area and peribulbar tenon's 
capsule. Lymphoma, in particular, mostly arises from lym-
phoid tissue of preseptal space. There is no lymphoid tis-
sue in postseptal area, so simple postseptal lymphoma is 
rare.

a b

c d

Fig. 15.5 Inflammatory pseudotumor at bilateral extraocular muscles, 
more severe on the right side. A 68-year-old female patient. The patient 
suffered from bilateral orbital pain for half a year, accompanied by lac-
rimation. Anti-inflammatory treatment was ineffective. (a) Orbital CT 
at transverse plane shows thickening of left medial rectus, right medial 

rectus and lateral rectus. The lesion involved both tendons and muscle 
belly. (b) Thickened right medial rectus shows isointense on T1WI; (c) 
Lesion shows heterogeneously hypointense on T2WI; (d) Enhanced 
MRI shows marked enhancement of right medial rectus
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2. Graves Ophthalmopathy. Thickening of ocular mus-
cles usually does not involve tendons, borders of extraocular 
muscle are smooth, and surrounding fat spaces exist.

3. Intraorbital Cellulitis. Common in children, the 
lesion is mostly located medial to orbit and adjacent to para-
nasal sinus; CT and MRI show blurred, irregular border of 
lesion, which can make orbital structures blurred in severe 
cases; Through enhanced scan, intraorbital inflammatory tis-
sues show diffuse enhancement, most of which are heteroge-
neous, with limited abscess diffusion, smooth wall and ring 
enhancement.

4. IgG4 Related Disease. It is a chronic systemic disease 
closely related to IgG4, characterized by increased serum 
IgG4 levels and diffuse infiltration of IgG4-positive plasma 
cells in lacrimal glands, extraocular muscles, supraorbital 
nerves and other ocular appendages. CT shows diffuse thick-
ening of the lacrimal gland and extraocular muscles, as well 
as thickening of supraorbital nerves. Glucocorticoid is 
effective.

5. Epithelial Tumors of Lacrimal Gland. Typical epi-
thelial tumors of lacrimal gland often involve orbital part of 
lacrimal gland and appear as focal masses on images. Bone 
destruction and displacement of eyeball suggest high possi-
bility of epithelial tumors.

6. Intraorbital Solid Tumor. Including cavernous hem-
angioma, optic nerve sheath meningioma, optic nerve sheath 
meningiomas, optic nerve glioma, orbital schwannoma and 
metastatic tumors. Solid tumors usually deliver a space- 

occupying effect, thus may result in changes in eyeball 
shape, bone destruction and extraocular involvement.

15.1.2.7  [Status Quo and Progress of Research]
MRI signal characteristics of lesion are crucial to judge path-
ological type of inflammatory pseudotumor and therapeutic 
effect. If the lesion shows hyperintense on T2WI and marked 
enhancement after enhanced scan, it is mainly lymphocyte 
and granuloma. In such cases, hormonotherapy can deliver 
desirable curative effect. When the lesion shows hypointense 
on T2WI and mild to moderate enhancement after enhanced 
scan, the bulk of the lesion may be fiber composition. In such 
cases, hormonotherapy is not effective. When it comes to dif-
ferentiation between orbital inflammatory pseudotumor and 
lymphoma, high ADC value indicates high possibility of 
idiopathic inflammatory pseudotumor [5].

15.1.3  Orbital Granuloma Caused by Mucor 
infection

15.1.3.1  [Overview]
Mucor is an opportunistic pathogen. Diabetic patients, espe-
cially those with compromised immune function, such as 
those with ketoacidosis, are especially vulnerable. Acute 
fungal infections caused by mucor are classified into rhino- 
orbito cerebral (also known as rhinocerebral) type, lung type, 
gastrointestinal type, skin type, and central type by the site of 

Fig. 15.6 Inflammatory pseudotumor at right orbit and lacrimal gland. 
A 44-year-old male patient. She suffered from right orbital pain and 
swelling with impaired vision. (a and b) MRI T1WI shows that diffuse 
isointense T1 signal shadow is found at the right orbit, with blurred 
border of the lesion, the right eyeball is compressed and deformed, and 

the right lacrimal gland is involved. The lesion involved the right cav-
ernous sinus along superior orbital fissure. (c and d) The lesion shows 
isointense on T2WI (e). The lesion and subcutaneous soft tissues on the 
right side of the face show marked enhancement in enhanced scan

a b
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infection, among which rhino-orbito cerebral type is the 
most common one. Bacteria often invade from nostrils into 
paranasal sinus (most common in maxillary sinus and eth-
moid sinus) and orbit along with nasal fluid. They can reach 
brain via blood vessels, thus causing severe meningitis, 
which is highly fatal.

15.1.3.2  [Clinical Manifestation]
Immunocompromised population are vulnerable to mucor 
infection. The disease, with acute onset, typically progresses 
rapidly. According to involved sites, symptoms include 
inflammatory reaction of nasal sinus, changes in eye, symp-
toms of central nervous system, and pain in orbit, head and 

c d

e

Fig. 15.6 (continued)
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face, which may be accompanied by fever, and palpable, 
hard lump on head and face, with clear border and poor 
mobility. In the early stage, nonspecific nasal manifestations 
such as nasal obstruction and thick nasal mucus appear first. 
When bacteria infect orbit, symptoms including proptosis, 
ophthalmoplegia, corneal edema, swollen eyelid, ptosis, 
vision loss and even blindness occur. When ischemic necro-
sis caused by vascular thrombosis occurs at eyelid and peri-
orbital skin, the skin shows black purple, accompanied by 
hemorrhagic effusion characterized by periorbital dark cir-
cles. The black pus at orbital vomica is of diagnostic signifi-
cance. Laboratory test shows increased leukocyte and 
neutrophil counts.

15.1.3.3  [Pathology Findings]
The characteristic pathological changes caused by mucor-
mycosis are infiltration, thrombosis and necrosis. After 
hematoxylin-eosin staining, nasal cavity, paranasal sinus 
mucosa biopsy or secretions from skin wounds show a large 
number of thick, right-angled branched and non-nodule fun-
gal hyphae under microscope. Besides, fungal hyphae can 
also be found in granulomatous megakaryocyte, which is 

more obvious in specimen subject to special staining meth-
ods, such as periodic acid Schiff reaction (PAS), Warthin- 
Starry sliver staining and Grocott methenamine silver stain. 
MUC5B is negative. Histopathologic slice can show toxic 
hyphae in the blood vessel wall. When bacteria pass through 
blood vessels (especially main artery and arteriole), they 
cause thrombosis, ischemic infarction and necrosis at adja-
cent tissues. Patients who suffer from retinal artery occlusion 
caused by mucor thrombosis have segmental thrombus in 
their blood vessels, and this is different from other causes of 
intraorbital cellulitis.

15.1.3.4  [Imaging Findings]
Imaging findings in an early stage may deliver negative 
results, and CT examination is helpful in showing the extent 
of lesion involvement. Mucosa of paranasal sinus is thick-
ened and soft tissue mass appears. Air-fluid level can be seen 
in paranasal sinus effusion cavity, and periorbital soft tissue 
is swollen. The disease progresses rapidly, wherein sinus 
wall and orbital bone destruction often occur in the wake of 
soft tissue necrosis (Fig.  15.8). Intraorbital granuloma is 
irregular in shape, with rough borders. Intraorbital mass, 

Fig. 15.7 Inflammatory pseudotumor at right orbit. A 50-year-old 
female patient. The right orbit is painful and swollen for half a year and 
worsened for 2 weeks. (a–c) According to MRI, there is a diffuse lesion 
at right orbit, which shows isointense on T1WI and hypointense on 

T2WI. Lesion boundary is not clear, and the right eyeball is compressed 
and deformed. (d) The lesion shows isointense on DWI. (e and f) 
Enhanced scan shows marked enhancement of the lesion

a b
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e f

Fig. 15.7 (continued)
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which has density of soft tissue, can compress optic nerves 
with blurred border. Besides, proptosis can occur as well as 
atrophy of eyeball in an advanced stage. MRI examination 
can show involvement of dura mater and intracranial region, 
cavernous sinus thrombosis and embolus at cavernous seg-
ment of internal carotid artery. Granuloma shows isointense 
on T1WI, hypointense on T2WI, and no enhancement or mild 
enhancement after enhanced scan. Lesion involving intracra-
nial area can cause abscesses in adjacent brain lobes, which 
often involves ipsilateral and sometimes bilateral frontal 
lobes (Fig. 15.9).

15.1.3.5  [Key Points of Diagnosis]
 1. Most cases are rhinogenic infection complicated by para-

nasal sinus and intracranial changes. Immuno-
compromised people are vulnerable to the disease. 
Thrombosis occurs in blood vessels of eyelid and perior-
bital skin. The affected skin shows black, resulting in 
ischemic necrosis, accompanied by black pus and hemor-
rhagic effusion.

 2. The lesion has coarse border and communicates with 
ipsilateral paranasal sinus. According to CT findings, the 
lesion results in wide involvement, fast progression and 
bone destruction. The lesion shows isointense on MRI 
T1WI and hypointense on T2WI. When intracranial area is 
involved, adjacent brain parenchyma shows hyperintense 
on T2WI.

15.1.3.6  [Differential Diagnosis]
Early diagnosis of mucor infection is difficult. Differential 
diagnosis mainly includes differentiation from other intraor-
bital cellulitis and malignant tumor. Intraorbital cellulitis 
usually shows hyperintense on T2WI, and results in no 
necrotic tissue or bacterial embolus in retinal artery. 
Malignant tumors in eyelid and orbital show slow onset and 
mild symptoms, and signs of tumor can be found in imaging 
findings.

15.1.3.7  [Status Quo and Progress of Research]
Rhino-orbito cerebral mucor infection is common in diabetic 
patients. Diabetes and combined diabetic ketoacidosis are 
the most common risk factors for mucormycosis. Patients 
with diabetic ketoacidosis are manifested as hyperglycemia, 
elevated serum ketone body, and metabolic acidosis, all of 
which underlie the in vivo growth and reproduction of mucor. 
Imaging examinations help understand the location and 
damage of the lesion. Any intracranial infection suggests a 
poor prognosis with a high risk of mortality. The lesion is 
characterized by rapid progression, swift expansion of 
inflammation and bone destruction. Therefore, diabetic 
patients who have lesion in the eye, paranasal sinus or brain 
shall be suspected of mucormycosis. CT examination is the 
first choice for mucor infection, which can evaluate whether 
there is bone destruction that progresses rapidly. MRI mainly 

a b

Fig. 15.8 Mucor infection at left orbit. A 45-year-old male patient. His 
nose and face are swollen and painful for 3 days and worsened for 1 
day. The patient suffered from mucor infection in orbit and paranasal 
sinus. (a) CT shows marked swelling of soft tissue in left orbit, thicken-

ing of optic nerve, and left proptosis. (b) CT shows absence of bone 
structure destruction at left nasal cavity and swelling of subcutaneous 
soft tissue at left face. Soft tissue shadow can be seen in bilateral maxil-
lary sinuses

15 Orbital Lesions



110

aims to evaluate whether the lesion involves other adjacent 
sites, such paranasal sinus and intracranial area [6].

15.2  Thyroid-Associated Ophthalmopathy

15.2.1  [Overview]

Thyroid-associated ophthalmopathy (TAO) is the most com-
mon orbit disease among adults. This is an autoimmune dis-

ease with unknown pathogenesis. Its annual incidence is 
between 0.2‰ and 0.5‰, among which the ratio of male to 
female is around 1:5 [6]. Patients may show normal thyroid 
gland function, hyperthyroidism and hypothyroidism. In the 
past, the disease was named endocrine exophthalmia, malig-
nant proptosis or infiltrating proptosis. Cases with proptosis 
accompanied by hyperthyroidism (hyperthyroidism) were 
also called Graves’ ophthalmopathy, and those without 
hyperthyroidism were called ocular Graves’ disease. Now 
They are collectively called thyroid-associated ophthalmop-

Fig. 15.9 Mucor infection in right orbit, bilateral ethmoidal sinus and 
frontal sinus, accompanied by intracranial abscess of mucor. A 23-year- 
old female patient. With 3-week history of acute leukemia, the patient 
suffered from swollen and painful nose and face for 3 days and wors-
ened for 1 day. Mucor infection occurred in orbit and paranasal sinus, 
accompanied by intracranial abscess. (a and b) CT bone window shows 
soft tissue shadow in bilateral ethmoidal sinus and sphenoid sinus and 
thickening of medial rectus at right orbit. Bone structure destruction at 
bilateral cribriform plates disappeared. (c and d) According to MRI, 

fats medial and lateral to muscle cone of right orbit are blurred, T1WI 
and T2WI fat signals are reduced, bilateral ethmoidal sinus and sphe-
noid sinus show hypointense on T1WI and hyperintense on T2WI. (e) 
Coronal FLAIR with fat suppression shows that intraorbital signal of 
right eye increases, bilateral ethmoidal sinus and left maxillary sinus 
show hyperintense, and bilateral frontal lobes show patchy hyperin-
tense shadows (arrow); (f) After enhanced scan, bilateral ethmoid sinus 
mucus as show enhancement and bilateral frontal lobes show ring 
enhancement

a b

c d
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athy. Over 80% of TAO patients suffer from bilateral onset, 
mainly manifested as proptosis, diplopia, and congestion and 
edema at the ocular surface and periorbital area. Some 
patients may show severe symptoms, including exposure, 
ulcer and infection of the cornea, optic nerve compression 
and visual impairment. Physical examination can reveal pro-
ptosis, ocular muscle dysfunction, eyelid edema, eyelid con-
tracture, incomplete eyelid closure, and increased intraocular 
pressure.

15.2.2  [Pathology Findings]

Tissues affected by TAO include muscles, connective tissues, 
fats, and lacrimal glands. Under light microscope, it can be 
seen that in active stage, extraocular muscle is enlarged, 
intercellular space is widened, and infiltration to varying 
degree occurs in immune cells and inflammatory cells, 
accompanied by fibroblast proliferation. Infiltrates are typi-
cally T lymphocyte, accompanied by plasma cell and 
 monocyte and macrophage. Interstitial tissue is prevailed by 
lymphocytes infiltration, accompanied by a large number of 
glycosaminoglycans accumulated. Immune cells are 
arranged in clusters around blood vessels, and there are mas-
tocytes and macrophages sometimes. Besides, adipocyte 
may exist between myocytes. In a resting stage, extraocular 
muscle fibers degenerate, some of which are subject to severe 
fibrosis, and most of muscle fibers show granular degenera-
tion to varying degrees, with vacuoles and even obvious 
fibrosis. Blood vessels are dilated and congestive. Electron 
microscope findings show that muscle cell membrane is 
intact and thickened, while myofilaments and z-lines are 

arranged in an out-of-order way. Mitochondria are heavily 
hyperplastic and concentrated, with loose and swollen cris-
tae. Stroma particles disappear, glycogen particles accumu-
late, the sarcoplasmic reticulum expands, and more lipid 
droplets can be seen in the cytoplasm. Interstitial capillaries 
increase, subject to dilation and congestion. Collagen fibers 
increase [7].

15.2.3  [Imaging Findings]

1. CT Examination. Transverse CT shows that proptosis 
can be confirmed when distance between eyeball anterior 
border and zygomatic arch anterior border is greater than 
20 mm. CT at transverse plane combined with reconstructed 
image at coronal plane can clearly display each extraocular 
muscle. The order in which ocular muscles are involved is 
respectively medial rectus, inferior rectus, superior rectus 
and lateral rectus. The thickened eye muscles show fusiform 
swelling. The thickening mainly occurs in muscle belly, yet 
tendon is normal (Fig. 15.10).

Extraocular muscle shows decreased density with spot or 
patchy low-density shadows in TAO active stage and 
increased density with local or diffuse shadows in stable 
stage. Enhanced scan indicates mild to moderate enhance-
ment of thickened ocular muscles in active stage, and no 
enhancement in advanced stage in case of fibrosis formed. 
Retrobulbar fats increase, pulling eyeball and orbital septum 
forward, wherein the density of the increased fat is normal. 
In case of severe proptosis, optical nerves subject to the pull-
ing may lose physiological bending and become straight. 
Some severe cases show thickening of optical nerves. In a 

e f

Fig. 15.9 (continued)
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small number of cases, hypertrophied bilateral medial rectus 
belly compresses bilateral medial walls, which are very thin 
and fragile, thus making the central part of the walls protrude 
inward.

2. MRI Examination. Axial MRI images on T1WI can 
precisely measure the proptosis degree of TAO patients. 
Extraocular muscle shows slightly hypointense on T1WI 
and slightly hyperintense, moderately or slightly hypoin-
tense on T2WI weighted image. Dynamic contrast-
enhanced MRI (DCE-MRI) can evaluate microcirculation 
of rectus muscle, while differentiate active stage and stable 
stage of TAO.  Upper eyelid levator hypertrophy can be 
best shown at sagittal plane and coronal plane. T1WI with-
out fat suppression can help diagnose degenerative changes 
in fat and muscle. Fatty degeneration and fibrosis of mus-

cle show no enhancement on enhanced T1WI with fat sup-
pression. T2WI signals can detect the presence of fibrosis 
and the degree thereof in extraocular muscle of TAO 
patients. Extraocular muscle showing isointense or hypoin-
tense on T2WI suggests severe muscle fibrosis. Extraocular 
muscle showing hyperintense on T2WI suggests that the 
muscle is in a stage of inflammatory edema (Figs. 15.11 
and 15.12). Cases with lacrimal gland show hypointense 
on T1WI and hyperintense on T2WI, with cystic slight 
dilation and blurred border. Some cases may show tortu-
ous phlebectasia of superior ophthalmic vein and thicken-
ing of optic nerve on MRI, wherein the thickened optic 
nerve has normal signals with smooth border. medial rec-
tus shows the most obvious thickening when complicated 
by optic neuropathy.

a b

Fig. 15.10 Thyroid-associated ophthalmopathy (1). (a) CT of orbit at 
transverse plane shows bilateral proptosis, with obvious fusiform thick-
ening of binocular medial rectus and mild thickening of binocular lat-
eral rectus, wherein the thickening only occurs in muscle belly, not 

tendon. (b) CT of orbit at coronal plane shows marked thickening of 
binocular medial rectus and lateralis and ocular superior muscles and 
slight thickening of binocular lateral rectus, without thickening of bilat-
eral optic nerves

a b

Fig. 15.11 Thyroid-associated ophthalmopathy (2). (a) According to 
orbital MR T1WI sequence at coronal plane, superior rectus of right eye 
are remarkably thickened, while inferior rectus and lateral rectus of left 
eye are thickened, basically showing isointense, with distinct peripheral 

fat space; (b) Orbital MR at coronal plane shows patchy hyperintense 
shadow at the center of thickened muscle on T2WI, while optic nerve 
shows no abnormal signal changes
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15.2.4  [Key Points of Diagnosis]

 1. CT findings include thickening of extraocular muscle 
belly, normal tendon, and proptosis. Fatty degeneration 
and fibrosis of muscle can be shown on T1W1, and the 
extent of extraocular muscle fibrosis of TAO patients can 
be shown on T2WI. MRI enhanced scan can identify the 
progression of the lesion. Enhanced scan shows mild to 
moderate enhancement of thickened ocular muscle in 
active stage and no enhancement in advanced stage in 
case of fibrosis formed.

 2. It is one of the most common orbital diseases among 
adults. Patients can be complicated by thyroid  dysfunction, 

such as hyperthyroidism or hypothyroidism, or just show 
normal thyroid gland function.

 3. The lesion is mostly bilateral, manifested as proptosis, 
diplopia, and congestion and edema at ocular surface and 
periorbital area.

15.2.5  [Differential Diagnosis]

1. Inflammatory Pseudotumor. The most common disease 
that needs to be differentiated is extraocular myositis (ocular 
inflammatory pseudotumor), whose lesions are typically uni-
lateral, with thickening of both tendon and muscle belly, 

a b

c d

e f

Fig. 15.12 Thyroid-associated ophthalmopathy (3). (a and d) 
According to orbital image at transverse plane, right ocular superior 
muscles and lateral rectus are significantly thickened on T1WI, showing 
isointense, with clear peripheral fat space; (b and e) Orbital image at 
coronal plane shows obvious thickening of right ocular superior mus-

cles, lateral rectus and inferior rectus muscle on T2WI fat suppression 
sequence, with hyperintense banding signal shadows. Optic nerve 
shows no abnormal signal changes. (c and f) Orbital enhancement at 
coronal plane shows heterogeneous enhancement of thickened muscle 
on T1WI
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accompanied by pain and rarely-occurring eyelid contrac-
tion. Glucocorticoid (GC) is effective for inflammatory 
pseudotumor.

2. IgG4 Related Disease. It is a chronic systemic disease 
closely related to IgG4, characterized by increased serum 
IgG4 levels and diffuse infiltration of IgG4-positive plasma 
cells in lacrimal glands, extraocular muscles, supraorbital 
nerves and other ocular appendages. CT shows diffuse thick-
ening of the lacrimal gland and extraocular muscles, as well 
as thickening of supraorbital nerves. Glucocorticoid is 
effective.

15.2.6  [Status Quo and Progress of Research]

Currently, Studies on TAO imaging techniques mostly focus 
on activity staging and prediction of clinical efficacy, wherein 
MRI is the most widely used, owing to its multidirectional 
imaging, high resolution to soft tissue and being free from 
ionizing radiation.

Orbital MRI for TAO patients can identify position and 
nature of the lesion, with STIR serving as the main sequence 
for imaging and regular scan when evaluating the activity of 
TAO lesions. Studies by many scholars [8, 9] found that sig-
nal intensity ratio (SIR) of the extraocular muscle signal 
intensity to that of brain white matter or ipsilateral temporal 
muscle is positively correlated with the TAO clinical activity 
score. The SIR semi-quantitative analysis method is mature 
and widely applied in the evaluation of TAO active staging. 
At present, some studies [10] have obtained specific segmen-
tation thresholds. In addition, DCE-MRI relevant parame-
ters, such as enhancement coefficient in early stage and peak 
enhancement coefficient [11], DWI sequence ADC value, 
extraocular muscle T2 relaxation time and sectional area [12] 
measured with T2 mapping imaging techniques, can reflect 
TAO activity, thereby providing new research directions.

Study on the application of MRI in TAO activity staging 
further involves prediction on TAO curative effect, which 
can provide important references for clinical decision. 
Studies [10] show that prognosis of TAO glucocorticoid 
therapy can be evaluated by SIR value of TAO patients to 
certain extent; T2 mapping imaging techniques [13], can be 
used for evaluating immunosuppressive effect. ADC value 
from non-echo- planar DWI can supplement the prediction 
on curative effect [14].

At this moment, TAO imaging studies still lack consistent 
and comprehensive data standards, while the efficacy evalu-
ation data has small sample size and requires further pro-
spective studies. The application of MRI in TAO active 
staging and efficacy evaluation remains to be further studied 
in the future.
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Optic Neuritis

Shaowei Zheng and Lijun Wang

16.1  [Overview]

In general, optic neuritis refers to all inflammatory lesions that 
occur in the optic nerve. Currently, there are many classifica-
tion methods. The disease can be divided into papillitis, neuro-
retinitis, retrobulbar neuritis and optic perineuritis by invasion 
site. Papillitis refers to the optic neuritis manifested as optic 
disc edema. Optic neuroretinitis refers to the inflammation that 
occurs retinal stellate exudation and optic disc edema simulta-
neously. Retrobulbar neuritis refers to cases who have normal 
optic disk morphology with typical clinical manifestations of 
optic neuritis. Optic perineuritis refers to inflammation involv-
ing optic nerve sheath, rather than optic nerve parenchyma, 
according to imaging findings. According to etiology, the dis-
ease can be divided into idiopathic optic neuritis, systemic 
autoimmune disease associated optic neuritis, infectious optic 
neuritis and postinfectious optic neuritis. Among them, idio-
pathic optic neuritis is the most common; thus it is also called 
typical optic neuritis. The rest of optic neuritis are collectively 
known as atypical optic neuritis, including idiopathic demye-
linating optic neuritis (also known as classic multiple sclerosis-
related optic neuritis), neuromyelitis optica related optic 
neuritis and other optic neuritis related to central nervous sys-
tem demyelinating diseases). In general, infectious and autoim-
mune optic neuritis can be relieved along with the treatment of 
primary illness. They can rarely be relieved without interfer-
ence or subject to relapse. Optic neuritis in children is often 
accompanied by optic disc edema and bilateral involvement, 
characterized by acute onset and good prognosis.

16.2  [Pathology Findings]

Main pathological changes caused by optic neuritis are 
demyelination, gelatinous fiber proliferation and sclerosis 

plaque formation. The extent to which demyelination, axon 
changes, perivascular cell infiltration, gliosis, and thickening 
of arachnoid are formed varies by different pathogenesis. 
Some suppurative inflammatory infiltrates such as orbital 
infection, rhinosinusitis caused by acute optic neuritis often 
form neutrophilic segmented granulocyte infiltration in optic 
nerve sheath and mononuclear infiltration in chronic stage. 
Degeneration of optic nerve fibers, proliferation of neuroglia 
cells, and optic atrophy can occur in advanced stage of vari-
ous inflammations.

16.3  [Clinical Manifestation]

Idiopathic optic neuritis is usually unilateral, frequently 
occurring among people between 20 to 50 years old, with an 
average age of 30–35 years old, wherein the ratio of male to 
female is 1:3. It has become one of the major blind-causing 
optic nerve diseases among young and middle-aged popula-
tion. Main clinical manifestations include vision loss, dys-
chromasia, pain in affected eyes, and changes in visual field 
and in pupil. The absence of direct light pupillary reflex can 
also occur. Visual loss is mostly monocular, yet can also be 
binocular. Visual acuity is severely damaged at 1 to 2 weeks 
after onset and then gradually recovered on its own. Within 
12 months, 95% of patients’ visual acuity can return to the 
normal level. Two out of three patients can suffer from ret-
robulbar neuritis, which shows normal fundus in the early 
stage of onset. One out of three patients can experience 
optic disk edema, and peripapillary hemorrhage occurs 
rarely. Atypical optic neuritis is relatively rare. It typically 
occurs among people below 15 or above 50 years old, char-
acterized by occult onset, involving both eyes synchro-
nously or one by one within a short time. Besides, it can 
result in severe vision loss, accompanied by persistent optic 
disc edema, severe disc hemorrhage, retina exudation, mac-
ular stellate exudation or folding, vitreoretinal inflammation 
and uveitis.
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a b

c d

Fig. 16.1 Left optic neuritis. A 34-year-old male patient. The patient experienced vision loss of left eye for more than 1 year. (a and b) T1WI and 
T2WI show thickening of left optic nerve (arrow); (c and d) Lesion shows hyperintense on FLAIR (arrow)
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16.4  [Imaging Findings]

1. CT Examination. Optic nerve is thickened without obvi-
ous mass, showing isointense in non-enhanced scan, and is 
enhanced to varying degrees with double-track sign after 
enhanced scan. Optic nerve sheath is enhanced, while optic 
nerve is not; Generally, CT cannot show optic neuritis with-
out obvious enlargement of optic nerve.

2. MRI Examination. Intraorbital fat peripheral to optic 
nerve shows hyperintense and chemical shift artifacts on 

T2WI sequence. For this reason, T2WI fat suppression 
sequence can better show the contrast between the lesion 
and peripheral tissues. Images show local or diffuse thicken-
ing of optic nerve, wherein the thickness may be heteroge-
neous and involve the entire length. When T2WI signal 
increases, STIR can better show the lesion. When the lesion 
shows isointense on T1WI, DWI is the most sensitive, 
wherein the thickened optic nerve shows hyperintense. 
Enhanced scan with fat suppression shows marked enhance-
ment in lesion area (Figs. 16.1, 16.2 and 16.3). In a small 

a b

c d

Fig. 16.2 Right optic neuritis. A 34-year-old male patient. The patient 
experiences vision loss of right eye for more than three years and the 
condition is worsened for more than 1 month. The patient has a history 
of systemic lupus erythematosus. (a and b) Non-enhanced MRI scan 

T1WI and T2WI show thickening of left optic nerve (arrow); (c) T2WI 
fat-suppressed sequence shows increased optic nerve signal (arrow); 
(d) The lesion shows hyperintense on DWI (arrow)
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number of cases, optic nerve sheath can be enhanced with 
double-track sign. Sometimes, relapsing optic neuritis 
shows no marked enhancement on enhanced T1WI. In such 
case, enhanced T2WI FLAIR can be used to identify any 
enhancement. Optic neuritis is typically an early manifesta-

tion of multiple sclerosis and neuromyelitis optica. 
Therefore, patients with optic neuritis must routinely receive 
brain and spinal cord MRI examination (including FLAIR 
sequence and enhanced scan) to diagnose multiple sclerosis 
as early as possible.

Fig. 16.3 Bilateral optic neuritis. A 43-year-old male patient. 
Binocular vision decreased for 1 week. (a and b) T1WI and T2WI show 
thickening of bilateral optic nerves; (c and d) Bilateral optic nerves 

show hyperintense on FLAIR (arrow); (e) The lesion shows limited dif-
fusion on DWI; (f) ADC shows decreased signal

a b

c d
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16.5  [Key Points of Diagnosis]

 1. Visual acuity decreased rapidly in a short time and 
improved after hormone therapy.

 2. Imaging findings show thickening of optic nerve on the 
affected side, with increased T2WI signal. DWI shows 
limited diffusion. The lesion is enhanced after enhanced 
scan.

16.6  [Differential Diagnosis]

1. Meningioma of Optic Nerve. It is more common in 
adults. CT shows high density, and calcification can be 
observed sometimes. The lesion shows isointense on T1WI 
and isointense or slightly hyperintense on T2WI.  After 
enhanced scan, the tumor is remarkably homogeneously 
enhanced, while optic nerve shows double-track sign, with-
out marked enhancement.

2. Optic Nerve Glioma. It is common in children below 
10 years old. The optic nerve is thickened in a shape of fusi-
form, manifested as a mass. The lesion can enter the intracra-
nial area along the optic canal. After enhanced scan, optic 
nerve shows moderate to marked enhancement.

3. Ischemic Optic Neuropathy. The patient suffers from 
sudden loss of vision, without obvious pain during eye move-
ment. Swelling of optic disc is prone to be grey white. Visual 
field defect of inferior area is the most common. After 
enhanced scan, the lesion shows no marked enhancement.

4. Toxic or Metabolic Optic Neuropathy. Medical his-
tory and related examination can help diagnose.

16.7  [Status Quo and Progress of Research]

As intraorbital fat peripheral to optic nerve produces hyper-
intense and chemical shift artifacts, fat-suppressed sequence 
is crucial to T2WI. In case of acute optic neuritis, optic nerve 
sheath dilates, thus worsening the partial volume effect of 
cerebrospinal fluid. For this reason, the optimal T2WI 
sequence shall suppress both water and fat signals.

If enhanced T1WI shows that the lesion exceeds 50% of 
optic nerve in length or involves optic chiasma, neuromyeli-
tis optica related optic neuritis is very likely to occur. The 
extent of abnormal enhancement of optic neuritis in the acute 
stage is significantly correlated with the severity of visual 
impairment in the early stage.

A variety of MRI functional imaging techniques provide 
a wide array of quantitative criteria for monitoring, outcome 
prediction and visual prognosis of optic neuritis. With zonal 
oblique multislice echo-planar imaging (ZOOM-EPI) 
sequence, optic nerves can be clearly shown in 1.5T 
MRI. ADC value of optic nerve is remarkably higher than 
that of brain white matter, which may be due to the different 
axonal structure and density. When compared with the nor-
mal brain parenchyma, acute optic neuritis shows isointense 
or hypointense in ADC map, while ADC value of chronic 
optic neuritis often increases. DWI can also be used for dif-
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Fig. 16.3 (continued)
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ferentiating optic neuritis from ischemic optic neuropathy. 
Hemorrhagic transformation of ischemic lesion or simple 
ischemic lesion can be manifested as limited diffusion, simi-
lar to the characteristics of brain ischemia on DWI. Radial 
diffusivity (RD), the most sensitive DTI parameter for iden-
tifying whether the optic nerve is involved, is closely related 
to vision recovery, electro-neurophysiological indicators, 
and optic nerve fiber layer thickness [1–3].
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Eyelid Lesions

Shaowei Zheng and Lijun Wang

17.1  Eyelid Inflammation and Abscess

17.1.1  [Overview]

Eyelid inflammation and abscess are typically caused by 
direct invasion of bacteria in the wake of adjacent tissue 
inflammation or eyelid trauma. Besides, it is also common in 
hematogenous dissemination of systemic lesion. Adjacent 
tissue inflammation is often evolved from hordeolum. It can 
also be involved by traumatic infection, orbital cellulitis, 
orbital pseudomonas aeruginosa periostitis, dacryoadenitis, 
or penetrating paranasal sinus empyema. The disease is more 
common in children, attributed to their low immunocompe-
tence, poor barrier function and vulnerability to infection.

17.1.2  [Pathology Findings]

Pathologically, eyelid inflammation is mainly manifested as 
a large number of inflammatory cell infiltration, necrotic tis-
sues seen in necrotic cavity of abscess, and granulation tissue 
in abscess wall peripheral to the lesion.

17.1.3  [Clinical Manifestation]

The disease may first manifests as blepharitis and gradually 
worsen, or cause sharp reaction in eye from the very begin-
ning, accompanied by severe congestion and edema of eye-
lid, chemosis, and sense of fluctuation in case of any abscess 
formed (Fig. 17.1). The patient may suffer from severe local 
pain, typically accompanied by fever and other general 
reactions.

17.1.4  [Imaging Findings]

Patients are manifested as thickened eyelid, in which vomica 
that is typically irregularly shaped with blurred border can be 
observed. When compared with extraocular muscle, thick-
ened eyelid shows isodense on CT, isointense on T1WI, 
slightly hyperintense on T2WI, and marked enhancement on 
enhanced scan, with blurred border. Vomica is manifested as 
a restricted low-density area on CT. It shows hypointense on 
MRI T1WI, hyperintense on T2WI, wherein linear septa can 
be seen, showing hyperintense on DWI.  After enhanced 
scan, the septa and borders show ring enhancement. CT and 
MRI can show any lesion involved by inflammation of adja-
cent structures (Figs. 17.2, 17.3 and 17.4).

17.1.5  [Key Points of Diagnosis]

 1. Common in children.
 2. It has acute onset and severe local symptom.
 3. Vomica is formed in swollen eyelid, manifested as low- 

density area on CT, showing hypointense on T1WI and 
hyperintense on T2WI and DWI.  Besides, the vomica 
shows ring enhancement after enhanced scan.

17.1.6  [Differential Diagnosis]

Differential diagnosis mainly includes eyelid and intraorbital 
tumors, which have a relatively slow onset with mild symp-
toms. Imaging findings can show signs of mass, so the dif-
ferentiation is not very difficult.
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17.1.7  [Status Quo and Progress of Research]

Generally, it is not necessary to perform imaging examina-
tion for eyelid inflammatory lesions, as clinical 
 anti- inflammatory therapy can deliver a desirable effect. 
Having said that, when anti-inflammatory therapy is ineffec-
tual, CT and MR can provide guidance for clinical treatment 
by showing the involvement range of lesion. CT clearly 
shows lesion broadly involving adjacent soft tissues, wherein 
irregularity can be seen in bone substance of adjacent orbital 
wall [1].

17.2  Eyelid Xanthogranuloma

17.2.1  [Overview]

Eyelid xanthogranuloma is a chronic inflammatory change 
accompanied by histiocyte infiltration, involving skin and 
subcutaneous tissue of eyelid. It occurs rarely and is a type of 
non-Langerhans cell histiocytosis. The disease, with 
unknown cause, can invade both children and adults. Eyelid 
xanthogranuloma can form local lesion or part of general 
lesion. The prognosis, which is not consistent, can be good 
for occult onset and poor for invasive lesion. Among juve-

a b

Fig. 17.1 Left eyelid inflammation (1). A 42-year-old female patient. Her left eyelid is swollen for 3 days. (a) The patient’s left eyelid is red and 
swollen, with visible local necrosis; (b) CT shows soft tissue of left eyelid is obviously swollen, with blurred border

a b

Fig. 17.2 Left eyelid inflammation (2). A 30-year-old male patient. Her left eyelid is swollen for 3 days. (a and b) CT shows soft tissue of left 
eyelid i obviously swollen, with blurred border
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niles, the disease is typically self-limited with rare systemic 
symptoms [2–4].

17.2.2  [Pathology Findings]

Its histocyte has rich lipid content, with small and round 
nucleus. Besides, there are a large number of vacuoles in the 
cytoplasm. It is hallmarked by the presence of scattered 
multi-nucleated Touton giant cells.

17.2.3  [Clinical Manifestation]

Typical manifestations of this disease include an orange- 
yellow bulge on eyelid, usually higher than the skin surface, 
accompanied by painless edema located at the upper and/or 
lower eyelids of both eyes. Beyond that, swelling and dislo-
cation of lacrimal gland, as well as dry eyes, can occur [2]. 
The lesion can occur alone or complicated with other 
lesions.

a b

c d

Fig. 17.3 Right eyelid inflammation. A 19-year-old male patient. His 
right eyelid is swollen for 3 days. (a) CT shows soft tissue of right eye-
lid is obviously swollen, with blurred border. (b) The thickened right 

eyelid shows isointense on T1WI. (c) The lesion shows hyperintense on 
T2WI. (d) The lesion shows hyperintense on T2WI fat-suppressed 
sequence
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17.2.4  [Imaging Findings]

This disease can be manifested as diffuse thickening of uni-
lateral or bilateral eyelid, with blurred boundary. Pre-orbital 
structure posterior to the lesion can be involved. Sometimes, 
thickening of extraocular muscle and enlargement of lacri-
mal gland can be observed. Bone destruction, enveloped 
optic nerve, and intracranial invasion are rare. Lesion area 
shows isointense on CT, with heterogeneous or homoge-
neous density, and slightly hypointense on T1WI and 
T2WI.  Besides, the lesion area shows mild to moderate 
enhancement after enhanced scan.

17.2.5  [Key Points of Diagnosis]

 1. Eyelid shows orange lump.
 2. May be accompanied by other systemic lesions.
 3. Eyelid is diffusely thickened with moderate enhance-

ment, involving backwards preorbital structures.
 4. Bone destruction is rare.

17.3  [Differential Diagnosis]

1. Inflammatory Pseudotumor. Most patients suffer from 
acute onset, accompanied by orbital pain. Affected eyelid 
shows no orange manifestation or other lesion manifesta-
tions. Cases with long course of disease may show hypoin-
tense area on T2WI without enhancement.

2. Eyelid Inflammation. It is more common in children, 
with acute onset and severe local symptoms. Vomica is 
formed in swollen eyelid, manifested as low-density area on 

CT, and showing hypointense on T1WI and hyperintense on 
T2WI and DWI.  Besides, the vomica shows ring enhance-
ment after enhanced scan.

3. Graves’ Ophthalmopathy. The lesion is mostly bilat-
eral. Thickening of extraocular muscles, proptosis, eyelid 
retraction, and diffuse swelling of eyelids are rare.

4. Lymphoma. It can be manifested as thickening of eye-
lids and lacrimal gland enlargement, yet thickening of extra-
ocular muscle is rare. It shows isointense on T1WI and T2WI 
and hyperintense on DWI.

17.3.1  [Status Quo and Progress of Research]

Adult xanthogranuloma is mainly manifested as swollen eye-
lid, periorbital lump and changes in skin color, typically with-
out systemic involvement. CT and MRI mainly show 
involvement of soft tissues peripheral to eyelid, lacrimal gland 
and muscles. Diagnosis relies on pathological examination [5].
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a b c

Fig. 17.4 Right eyelid inflammation and abscess. A 60-year-old 
female patient. Her right eyelid is swollen for 6 days. (a) The thickened 
right eyelid shows isointense on T1WI (arrow). (b) The lesion shows 

hyperintense on T2WI, wherein hyperintense shadow can be seen 
locally, suggesting abscess formation (arrow). (c) The lesion shows 
hyperintense on T2WI fat-suppressed sequence
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Lacrimal Apparatus Lesions

Shaowei Zheng and Lijun Wang

18.1  Dacryocystitis

18.1.1  [Overview]

Dacryocystitis can be divided into acute and chronic types. 
Acute dacryocystitis is caused by virulent bacteria such as 
Staphylococcus aureus, beta-hemolytic streptococcus or rare 
Candida albicans. In most cases, acute dacryocystitis is 
acute onset of chronic dacryocystitis, which can suddenly 
occur without a history of lacrimal passage. The pathogen of 
neonatal dacryocystitis are mostly Haemophilus influenzae. 
Chronic dacryocystitis is caused by obstruction of nasolacri-
mal duct and retention of dacryocyst secretions. Common 
pathogens are pneumococcus, streptococcus, and staphylo-
coccus. The incidence is higher in female than in male. The 
cause of dacryocyst blockage in adults is unknown, which 
may be related to trachoma, lacrimal duct trauma, rhinitis, 
nasal septum deviation, and hypertrophic inferior turbinate.

18.1.2  [Clinical Manifestation]

Acute dacryocystitis features with a rapid onset, with affected 
eye showing congestion, lacrimation, and purulent secre-
tions. dacryocyst is red, swollen, hot, and painful, typically 
involving eyelids and face. Swollen eyelid, conjunctiva 
hyperemia and edema, and submandibular and preauricular 
lymphadenectasis can occur. There may be systemic fever 
and discomfort. Patient with hypoimmunity or uncontrolla-
ble infection can evolve into eyelid preseptal cellulitis or 
abscess.

The main symptoms of chronic dacryocystitis include 
epiphora, and flushing and erosion of dacryocyst skin, with 
chronic eczema. Mucus or mucous secretions overflow from 
dacryon of extruded dacryocyst. If secretions in dacryocyst 

cannot be discharged smoothly for a long time, the dacryo-
cyst may gradually grow bigger to form a dacryocyst bursa 
mucosa.

18.1.3  [Pathology Findings]

Acute dacryocystitis is mainly manifested as a large number 
of inflammatory cell infiltration. By naked eyes, dacryocyst 
with chronic dacryocystitis shows grey or grey red, mostly 
cystic and occasionally solid tissue mass. dacryocyst with 
chronic dacryocystitis shows enlargement mostly yet also 
atrophy occasionally. According to microscope findings, dac-
ryocyst wall with chronic dacryocystitis is mostly thickened 
and rarely thinned. In some case, dacryocyst wall can be sub-
ject to degeneration, necrosis, shedding, or absence of epithe-
lial covering. These areas are mostly characterized by diffuse 
infiltration of a large number of chronic inflammatory cells or 
polymorphonuclear leukocyte scattered infiltration. 
Subepithelial tissue of dacryocyst is manifested as varying 
degrees of thickening with chronic proliferative inflammatory 
cell infiltration, mainly lymphocytes, plasma cells, polymor-
phonuclear leukocytes, epithelioid cells and fibroblasts.

18.1.4  [Imaging Findings]

Contrast examination is not allowed to be used for acute dac-
ryocystitis. According to CT and MRI findings, soft tissue 
shadow can be seen in dacryocyst area with blurred borders. 
The shadow shows isodense on CT, isointense on T1WI, 
slightly hyperintense on T2WI, and enhancement after 
enhanced scan. As the lesion evolves, abscess formation can 
be seen in the lesion. The lesion shows low-density on CT, 
hypointense on T1WI and hyperintense on T2WI and 
DWI. Patchy enhancement is shown in enhanced scan. CT 
and MRI can show the involvement of adjacent bone and 
nasolacrimal drainage channels.S. Zheng · L. Wang (*) 
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Chronic dacryocystitis is manifested as monosaccate or 
multisaccate dacryocyst enlargement on angiogram and MRI 
hydrography. It can atrophy and shrink after fibrous tissue 
proliferation and cicatrization. Lacrimal ductule is often 
dilated. Nasolacrimal duct is narrowed or has irregular bor-
ders. Contrast agent stagnates or suspends, and emptying is 
delayed, manifested as stenosis or blockage of lacrimal pas-
sage. When complicated by dacryolith, filling-defect shad-
ows of dacryocyst and nasolacrimal duct can be observed. 
CT shows that soft tissue in dacryocyst area is thickened, 
with rough borders and showing isodense. Besides, CT also 
shows the sclerosis and thickening of adjacent bones and 
high-density dacryolith shadow in case of dacryolith forma-
tion. It shows hypointense on MRI T1WI and hyperintense 
on T2WI and DWI (Figs. 18.1, 18.2 and 18.3).

18.1.5  [Key Points of Diagnosis]

 1. Acute dacryocystitis has marked inflammatory signs, 
while chronic dacryocystitis can relapse, with epiphora as 
clinical manifestation.

 2. CT and MRI show soft tissue shadows in dacryocyst area, 
with coarse borders. Enhanced scan shows irregular 

patchy enhancement. Chronic patients may show sclero-
sis and thickening of adjacent bones.

 3. Dacryocyst enlargement and lacrimal duct obstruction 
are quite common among chronic patients based on con-
trast examination.

18.1.6  [Differential Diagnosis]

The disease needs to be distinguished from tumor in dacryo-
cyst area, of which the most common one is dacryocyst can-
cer, manifested in early stage as nodular, hard lump that 
grows bigger over time. With long course of disease, destruc-
tion can be seen in adjacent bones. Enhanced scan shows 
marked enhancement. Radiography of lacrimal duct shows 
filling-defect.

18.1.7  [Status Quo and Progress of Research]

Dacryocystitis is lacrima retention and infection caused by 
nasolacrimal duct blockage. Currently, low-dose spiral 
computed tomography-dacryocystography (CT-DCG) with 
reconstruction at coronal plane, and sagittal plane is an 

a b

Fig. 18.1 Chronic inflammation of nasolacrimal duct and dacryocyst. 
A 43-year-old female patient. Bilateral epiphora relapsed for years. (a 
and b) CT soft tissue windows at coronal plane and transverse plane 
show thickening of bilateral dacryocysts (arrow a) and soft tissue 

shadow of nasolacrimal duct (arrow a). Contrast agent remains in dac-
ryocyst area (a is soft tissue window and b is bone window), suggesting 
obstructed nasolacrimal duct, chronic nasolacrimal duct inflammation, 
and dacryocystitis
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a b

Fig. 18.2 Chronic inflammation of right nasolacrimal duct and dac-
ryocyst. A 35-year-old male patient. Right epiphora relapsed for years. 
(a and b) According to radiography of nasolacrimal duct, contrast agent 

remains in dacryocyst area, suggesting obstructed nasolacrimal duct, 
chronic nasolacrimal duct inflammation, and dacryocystitis

a b

Fig. 18.3 Chronic inflammation of left dacryocyst. A 27-year-old male 
patient. Left epiphora relapsed for years. (a) CT soft tissue window at 
transverse plane shows soft tissue shadows of left dacryocyst area, with 

blurred border, and thickened left nasolacrimal duct. (b) CT bone win-
dow at transverse plane shows no abnormity in adjacent bones
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ideal low-radiation imaging technique for nasolacrimal 
duct obstruction. By displaying all the relevant anatomical 
signs of dacryocystorhinostomy, spiral CT-DCG enables 
surgeons of head and neck to better plan the procedure. CT 
imaging after radiography of nasolacrimal duct is mainly 
used for displaying the involvement range of the inflamma-
tion [1].

18.2  Dacryoadenitis

18.2.1  Acute Dacryoadenitis

18.2.1.1  [Overview]
Acute dacryoadenitis is mostly caused by pathogen infec-
tion, wherein the pathogen is typically Staphylococcus 
aureus or pneumococcus, occasionally certain viruses, and 
rarely fungi. Acute dacryoadenitis is a simple inflammation, 
more common in children and young adults. Unilateral 
lesion is common and bilateral rare.

Acute dacryoadenitis is typically characterized by uni-
lateral acute onset, red and swollen upper eyelid, conjunc-
tival congestion, and shifting of eyeball inwards and 
downwards. Patients often suffer from discomfort and 
fever. Persistent inflammation can evolve into subacute or 
chronic dacryoadenitis and even intraorbital cellulitis or 
sepsis in severe cases. For this reason, early diagnosis is 
very important.

18.2.1.2  [Pathology Findings]
Acute dacryoadenitis is mainly manifested as a large number 
of inflammatory cell infiltration, with enlarged lacrimal gland.

18.2.1.3  [Imaging Findings]
Clinical diagnosis of acute dacryoadenitis is easy and does 
not rely on imaging examinations, which is attributed to the 
typical symptoms of the disease. Imaging examination 
mainly aims to judge the range of lesion and make differen-
tial diagnosis. CT is the preferred, showing swollen and 
enlarged lacrimal gland and isodense, with blurred border 
and reduced density of adjacent soft tissue (Fig.  18.4). It 
shows hypointense on MRI T1WI, diffusely hyperintense on 
T2WI, and hyperintense on DWI, with blurred border. Fat- 
suppressed sequence shows clearly (Fig. 18.5).

18.2.1.4  [Key Points of Diagnosis]
 1. Children and young adults.
 2. Acute onset and inflammatory signs.
 3. Image findings show that the lacrimal gland is enlarged, 

border is coarse, and orbital wall bone is not involved.

18.2.1.5  [Differential Diagnosis]
1. Eyelid Abscess. Imaging examination shows eyelid thick-
ening, unclear borders, vomica formation, swollen adjacent 
soft tissues, and increased density of subcutaneous fat. 
Besides, the lacrimal gland is normal in most cases.
2. Lacrimal Gland Tumor. Onset is relatively slow, and bor-
ders of benign tumors are clear. CT and MRI show soft tissue 
mass, and enhanced scan shows marked homogeneous 
enhancement. Borders of malignant tumor are indefinite, with 
irregular morphology. Adjacent bone structures are destroyed.
3. IgG4-Related Disease. It mainly involves multiple parts, 
including lacrimal gland, extraocular muscle and infraorbital 
nerve, in a symmetrically bilateral manner. Hormone therapy 
is effective.

a b

Fig. 18.4 Bilateral dacryoadenitis. A 35-year-old female patient. (a and b) CT shows enlargement of bilateral lacrimal glands, with blurred bor-
ders and swollen bilateral eyelids
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18.2.2  Chronic Dacryoadenitis

18.2.2.1  [Overview]
Chronic dacryoadenitis is a proliferative inflammation with 
slow disease course. It typically involves bilaterally, yet uni-
lateral involvement can also occur. Acute dacryoadenitis can 
evolve into chronic dacryoadenitis. But in most cases, 
chronic dacryoadenitis is primary, common in benign lym-
phocyte infiltration and tuberculosis. The disease can also 
involve lacrimal gland.

18.2.2.2  [Clinical Manifestation]
Chronic dacryoadenitis typically involves bilaterally, with 
slow progression. It can occur repeatedly. A lobulated pain-
less mass is formed on the superolateral part of the eyelid, 
which is soft with good mobility. Proptosis and lacrimation 
are rare. Hormone therapy is effective for dacryoadenitis 
inflammatory pseudotumor. Histopathological examination 
for dacryoadenectomy can help diagnose.

a b

c d

Fig. 18.5 Acute right dacryoadenitis. (a) MRI T2WI coronal fat-suppressed sequence shows increased right lacrimal gland signal. (b–d) MRI 
enhanced scan shows marked enhancement of right lacrimal gland
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18.2.2.3  [Pathology Findings]
Both enlargement or atrophy of lacrimal gland can occur. 
According to microscope findings, lacrimal gland shows 
degeneration and necrosis. These areas are mostly character-
ized by diffuse infiltration of a large number of chronic 
inflammatory cells or polymorphonuclear leukocyte scat-
tered infiltration.

18.2.2.4  [Imaging Findings]
Lacrimal gland is increased diffusely. It may extend forwards 
and beyond orbital margin, or course backwards along orbital 
lateral wall or lateral rectus. Swollen lacrimal gland envelops 
eyeball, uniform with the contour of peripheral structures, 
and may be accompanied by peripheral structure inflamma-
tion. The lesion has blurred border, without compression on 
orbital wall bone or invasive changes. The lesion in lacrimal 
gland shows isodense on CT, isointense on MRI T1WI, 
slightly hypointense on T2WI sometimes, isointense or 
slightly hyperintense on DWI, and marked enhancement 
after enhanced scan.

18.2.2.5  [Key Points of Diagnosis]
 1. A painless mass is formed on the superior lateral part of 

the eyelid, which develops slowly and can occur 
repeatedly.

 2. Image findings show that the bilateral lacrimal glands are 
enlarged, typically free from bone changes in orbital wall.

 3. Hormone therapy is effective.

18.2.2.6  [Differential Diagnosis]
1. Lacrimal Gland Tumor. It usually grows unilaterally, 
manifested as a lump, which can press eyeball sometimes 
and contort muscle cone structures, resulting in sunk orbital 
wall or bone destruction. Besides, it has round contour and 
typically does not envelop eyeball.

2. Lymphoproliferative Lesion. It can be unilateral or bilat-
eral, with similar findings as inflammatory pseudotumor on 
CT or MRI, which makes differentiation difficult. Due to the 
lack of specific imaging findings, differentiation can only 
rely on biopsy or follow-up observations.
3. Mikulicz’s Disease. Currently, Mikulicz’s disease cannot 
be differentiated from dacryoadenitis inflammatory pseudo-
tumor based on imaging findings alone, so any suspected 
lacrimal gland lesion shall be subject to biopsy.
4. IgG4-Related Disease. It mainly involves multiple parts, 
including lacrimal gland, extraocular muscle and infraorbital 
nerve, in a symmetrically bilateral manner. Hormone therapy 
is effective.

18.2.2.7  [Status Quo and Progress of Research]
Definitive diagnosis for acute and chronic dacryoadenitis 
can be made according to typical clinical manifestations, 
thus do not require imaging examinations. CT and MRI 
mainly aim to evaluate the nature of lesion with poor thera-
peutic effect or make differential diagnosis. Dacryoadenitis 
can be bilateral or unilateral, mainly manifested as diffuse 
swelling of bilateral lacrimal glands with unclear borders. 
The main difference from inflammatory pseudotumor or 
IgG4-related diseases lies in that dacryoadenitis shows 
hyperintense on MRI T2WI, whereas the latter two diseases 
show isointense on MRI T2WI and remarkably limited dif-
fusion on ADC [2].
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Post-Traumatic Infection
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19.1  [Overview]

Ocular trauma, an ophthalmic emergency, often leads to 
visual impairment and is a main culprit of blindness. It is 
more common in male. Ocular trauma infection can be very 
tricky. The condition develops rapidly, causing great damage 
to ocular tissues and visual function, even threatening life 
without timely treatment. Normally, eyelid skin and ocular 
surface structures are anatomical barriers against microor-
ganisms. Lymphocytes and Langerhans cells in cornea and 
conjunctiva tissues, and lysozyme, gamma globulin and 
other antibacterial components in tears collectively form the 
first defensive barrier for ocular surface. Ocular trauma 
destroys such defensive function, resulting in infections 
under the action of pathogenic microorganisms. The main 
pathogenic bacteria include staphylococcus, streptococcus, 
and fungi. Eye infections caused by trauma include dacryo-
cystitis, dacryoadenitis, keratitis, endophthalmitis, intraor-
bital cellulitis [1–3].

19.2  [Clinical Manifestation]

1. General Reactions. General reactions after infection 
include fever or hypothermia, increased heart rate, and 
polypnea. Generally, fever can occur in the wake of inflam-
matory reaction caused by trauma. Infection may happen, 
however, if the high body temperature does not subside for 
more than 3 days, or continues to rise, or hypothermia occurs 
accompanied by increased heart rate and respiratory rate 
with no specific cause and peripheral hemangiectasis. Drop 
of blood pressure in patients with infection suggests severe 
sepsis and septic shock, a warning of critical condition.

2. Local Symptoms. Common features of local infec-
tions are local redness, swelling, heat, pain, and dysfunction, 

which can be expressed as cellulitis or pyogenic infection, or 
both of them.

Local clinical manifestations caused by ocular trauma 
vary by injured parts. Infectious keratitis is manifested as 
impaired vision, photophobia, lacrimation, and other symp-
toms of eye irritation, as well as corneal infiltrate and ulcer-
ation. Traumatic endophthalmitis is mainly manifested as 
ocular pain and impaired vision. Physical examination can 
show eyelid and conjunctival congestion and edema, cotton- 
wool exudate and empyema in anterior chamber, ring ulcer 
or purulency in cornea, fibrin exudate in crystalline lens, 
flocculent turbidity or empyema in vitreous body, retinal 
hemorrhage, formation of infiltrating plaque and other signs. 
Panophthalmitis can be manifested as ocular muscle dyski-
nesia, proptosis, decreased vision, and increased intraocular 
pressure. The incubation period of bacterial infection is 
short, while that of fungal infection is long. The incidence of 
endophthalmitis after ocular rupture is 3% to 7% and is sig-
nificantly higher among cases with intraocular foreign body. 
Foreign bodies, including wood, organic matter, and steel, 
have been reported to cause endophthalmitis. Lens rupture is 
the highest infection risk factor in the evaluation of clinical 
risk factors.

19.3  [Imaging Findings]

1. CT Examination. Tomography combined with 3D recon-
struction can clearly show whether there is a fracture, the 
extent of the fracture, and the presence of a foreign body. It 
is especially helpful for detecting positive foreign bodies and 
showing the infiltration range of local infection. The com-
bined infection of eyelid, eyeball, retrobulbar area, and lacri-
mal gland after trauma is manifested as diffuse soft tissue 
swelling with unclear borders. Enhanced scan shows marked 
enhancement with blurred border (Fig. 19.1).

Orbital abscess is manifested as clear borders, low- density 
lesion in central necrosis, no enhancement in enhanced scan, S. Zheng · L. Wang (*) 
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and band-like enhancement in peripheral area, which may be 
accompanied by fat linear shadows and thickened extraocu-
lar muscles.

2. MRI Examination. Do not apply MRI for cases with 
intraocular foreign body to prevent the foreign body from 
moving. Ultrasound can also be used for evaluation. MRI is 
mainly used to evaluate the presence of infection after 
trauma. If infection occurs, eyelids, eyeballs, and lacrimal 
glands show diffusely hyperintense on T2WI and hyperin-
tense on DWI. Enhancement examination is mainly used to 
evaluate the presence of abscess, wherein any abscess formed 
can result in ring enhancement (Fig. 19.2).

19.4  [Key Points of Diagnosis]

 1. In case of any specific trauma history, clinical symptoms 
include local or systemic infection such as fever, local 
redness, pain, and discharge from the wound.

 2. CT and MRI show swelling of local soft tissue, while 
enhanced scan shows abscess formation. But in an early 
stage of inflammation, the manifestations have no 
specificity.

a b

c d

Fig. 19.1 Post-traumatic right periorbital and retrobulbar cellulitis. A 
43-year-old male patient. Eyes were injured by hydraulic oil 27 days 
ago, accompanied by obvious redness and swelling of right eyelid for 8 
days. (a–d) CT shows that right eyelid soft tissue is swollen, multiple 

gas density shadows are visible in retrobulbar and intraorbital areas, 
and retrobulbar fat spaces are blurred. Optic nerve is thickened and 
swollen
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a b

c d

Fig. 19.2 Post-traumatic left superior wall subperiosteal abscess and 
periorbital cellulitis. A 12-year-old male patient. The patient went 
through acute onset, with red, swollen eyes for 5 days and proptosis for 
4 days. He also has history of trauma. (a–d) MRI shows that irregular, 
abnormal signal shadow can be seen at inferior border of left superior 
wall, showing hypointense on T1WI. The lesion is stratified as upper, 

middle, and lower layers on T2WI, respectively showing hyperintense, 
isointense, and hypointense. Left eye proptosis, with slightly sunken 
eyeball moving along lateral inferior direction under the action of com-
pression. Left periorbital subcutaneous soft tissue shows irregular 
hyperintense on T2WI. Frontal sinus and left ethmoidal sinus shows 
hyperintense on T2WI
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19.5  [Differential Diagnosis]

This disease shall be differentiated from benign & malignant 
tumors and proliferative lesions of all kinds, based on medi-
cal history and relevant clinical examinations combined. 
Benign & malignant tumors and proliferative lesions are 
mainly manifested as lumps, with non-swollen adjacent soft 
tissues. Enhanced scan shows mild to moderate enhance-
ment without vomica. The patient has no history of trauma, 
or symptoms of redness, swelling, heat, and pain.

19.6  [Status Quo and Progress of Research]

The disease mainly employs MR for functional imaging. 
DWI is sensitive to abscess formation, showing remarkably 
hyperintense. ADC value is decreased. MRS shows that 

characteristic amino acid peak is formed in abscess, wherein 
acetate peak, succinate peak and alanine peak are common 
[1–5].
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20.1  Secretory Otitis Media

20.1.1  [Overview]

Secretory otitis media is a non-purulent acute or chronic 
inflammation characterized by effusion in the tympanic cav-
ity and hearing loss. It frequently occurs in winter and spring, 
in the wake of cold imperceptibly [1]. Pathogenesis: When 
adenoid hypertrophy, nasopharynx lymphoid tissue hyper-
plasia and nasopharynx tumors occur, auditory tube is 
blocked, and air in tympanic cavity and mastoid air cell is 
gradually absorbed, forming negative pressure and leading to 
expansion, swelling and infiltration of mucosal capillaries. 
Besides, effusion in tympanic cavity can occur due to a 
higher level of mucosal gland secretion.

Both children and adults can suffer from the disease. 
Common clinical symptoms include ear distention and con-
gestion, hearing loss and tinnitus. Children may also become 
slow to react or absent-minded. Otoscope examination shows 
concave and congestive tympanic membrane and reticular 
expansion in peripheral blood vessels, wherein air bubbles 
may appear sometimes. As effusion accumulates, tympanic 
membrane gradually bulges outwards, wherein fluid can be 
extracted by puncture. At advanced stage, tympanic mem-
brane is thickened, characterized by dark, turbid color, atro-
phy, thinning, extreme invagination and adhesion. Tuning 
fork and pure tone test show conductive deafness. In an early 
stage, acoustic immittance measurement shows C-shaped 

curve when tympanic cavity is under negative pressure and 
B-shaped curve when effusion occurs in tympanic cavity.

20.1.2  [Pathology Findings]

Middle ear mucosal epithelium is thickened and goblet cells 
increase, with a high level of secretion. Pathological gland- 
like tissues form inferior to epithelium. Infiltration domi-
nated by lymphocytes and plasma cells appears peripheral to 
lamina propria blood vessels. The lesion may persist without 
timely treatment. In chronic stage, ossicular chain adhesion 
and fixation can occur due to fibrous tissue proliferation, 
resulting in persistent hearing loss, adhesive otitis media, or 
cholesteatoma caused by secondary infection [1].

20.1.3  [Imaging Findings]

1. X-ray. In case of poor pneumatization of mastoid process, 
the patient’s plain film for temporal bone only shows 
decreased permeability of mastoid antrum and tympanic 
cavity. In case of good pneumatization of mastoid process, 
X-ray plain film shows dense tympanic cavity and mastoid 
antrum, thickened mastoid atrial septum and blurred contour, 
free of bone destruction [2].

2. CT Examination. The above changes are shown more 
clearly. Tympanic cavity is normal in size, morphology, and 
development, with complete ossicular chain and regular 
position. Air in tympanic cavity, mastoid antrum and mastoid 
air cell may fully or partially disappear, while atrial septum 
exists, air-fluid level is visible and tympanic membrane is 
intact. There is no bone destruction [3] (Fig. 20.1).

3. MRI Examination. MRI mainly displays changes in 
effusion in tympanic cavity, mastoid antrum and mastoid air 
cell, showing isointense or hypointense on T1WI, hyperin-
tense on T2WI with no restricted diffusion on DWI.  After 
enhanced scan, mucous membranes of tympanic cavity, 
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 mastoid antrum and mastoid air cell show no thickening or 
enhancement.

20.1.4  [Key Points of Diagnosis]

 1. Clinical manifestations include ear distention, ear swell-
ing and hearing loss. It is typically accompanied by infec-
tion in other parts.

 2. CT shows absence of air in the middle ear cavity and vis-
ible soft tissue density, without bone destruction.

20.1.5  [Differential Diagnosis]

Acute suppurative otitis media: Common in children; With 
acute onset, the patient normally has otalgia, with history of 
pus discharge. Physical examination shows punctured tym-
panic membrane. CT findings show diffuse slightly 
 hyperintense in mastoid cavity of the middle ear. In the early 
stage, air cell septa are typically intact, while in advanced 
stage, air cell may be shrunk or damaged, forming big low-
density cavity. Sometimes osteomyelitis or abscess may 
appear as the disease progresses [4].

a b

c

Fig. 20.1 Secretory otitis media. A 35-year-old male patient. He suf-
fered from repeated distention at right ear for 15 years. History: The 
patient received grommet insertion at right ear. Repeated tympanocen-
tesis at right ear shows no obvious effect. Clinical diagnosis: Right 
secretory otitis media (a). The tympanic cavity of right middle ear 
records that density is partially increased, shadow of air density is 

reduced, and right ossicular chain is partially enveloped, with intact 
bone structure. (b and c) CT of temporal bone shows poor pneumatiza-
tion of right mastoid, some soft tissue density shadow can be seen in 
mastoid air cell, and bone septum is intact; The right inferior tympanic 
membrane is thickened and right facial nerve canal is intact
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20.1.6  [Status Quo and Progress of Research]

Temporal bone CT scan shows shadows with homogeneous 
density in tympanic cavity, which is not enlarged. However, 
this is not a routine examination [5]. Despite evaluating oti-
tis media mastoiditis, imaging examination of secretory oti-
tis media also aims to observe any lesions in nasopharynx, 
such as nasopharyngeal lymphadenia and nasopharyngeal 
cancer. Nasopharyngeal endoscopy and MRI examination 
should be performed in case of any suspected lesion in 
nasopharynx.

20.2  Suppurative Otitis Media

20.2.1  Acute Suppurative Otitis Media

20.2.1.1  [Overview]
As a common inflammation of middle ear mucosa in clinic, 
acute suppurative otitis media can occur in healthy ear or 
cause acute onset in ear with chronic otitis media. Main 
pathogens include pneumococcus, Haemophilus influenzae, 
and hemolytic streptococcus. Both children and adults may 
suffer from this disease, but it is more common in children. 
Infants’ auditory tube is broad, short, straight and flat, while 
the position is low. Besides, milk or vomitus may enter the 
middle ear via auditory tube. For this reason, infants are 
more vulnerable to the disease than adults [3].

Clinical manifestations are sudden otalgia and ear disten-
tion, accompanied by obvious hearing loss. In addition to 
above symptoms, patients may also cry, scream, become 
restless, scratch ear or shake head. Physical examination 
shows congestive, thickened or punctured tympanic mem-
brane and pulsatile pyorrhea spilling outward from tympanic 
membrane puncture and empyema in external auditory canal. 
When the disease is combined with acute mastoiditis, skin 
posterior to ear can be red and swollen, with tenderness in 
mastoid region. Hearing test indicates conductive hearing 
loss, and tympanogram usually shows type B.

20.2.1.2  [Pathology Findings]
Congestion and edema occur in middle ear mucosa, with 
increased secretion. There is serous exudate in the tympanic 
cavity. The exudate can become mucinous or even suppura-
tive as the inflammation further evolves. Local necrosis and 
ulceration of tympanic membrane form tympanic membrane 
perforation, with pus discharged. Inflammation can further 
involve other adjacent structures, especially tympanic mem-
brane, wherein obvious hyperemia and edema can be 
observed in tympanic membrane connective tissue layer. If 
the treatment is not timely and effective, as lesion further 
develops, the inflammation can reach peripheral bones, thus 
causing acute osteomyelitis.

20.2.1.3  [Imaging Findings]
1. X-ray Examination. Plain film shows that mastoid is 
typically well pneumatized bilaterally. In case of inflamma-
tion limited to tympanic cavity and mastoid antrum, images 
at skull base plane show absence of air in tympanic cavity 
and mastoid antrum at the affected side, with lowered perme-
ability. When the inflammation spreads to the pneumatized 
mastoid, mastoid air cell will be thickened homogeneously, 
while interatrial septum typically remains intact and can be 
dimly seen.

2. CT Examination. Compared with plain film, CT can 
better show the extent and severity of lesion. Findings vary 
by the stage of disease and the extent to which temporal bone 
is involved. In early stage, the middle ear tympanic cavity 
and mastoid air cell record lower transmittance. As the dis-
ease progresses, diffuse changes in the middle ear mastoid 
cavity can be observed [6].

 (1) Middle Ear Intramastoiditis: Mastoid is sclerotic, only 
manifested as visible soft tissue density in tympanic cav-
ity and mastoid antrum. There is no tympanic cavity 
enlargement or bone destruction, and ossicular chain is 
complete.

 (2) Otitis Media Mastoiditis: Mastoid process is well devel-
oped, while the density of mastoid air cell is increased or 
air-fluid level is formed. Interatrial septum is intact or 
slightly absorbed, and bone density is reduced 
(Fig. 20.2).

 (3) Intracranial Complications: Refer to Chapter V Section 
III for meningitis and brain abscess.

3. MRI Examination. MRI examination is generally not 
required. When there is severe inflammation with postauric-
ular abscesses or an intracranial infection is suspected, MRI 
is superior to CT in showing the extent of inflammation 
spread and intracranial involved structures.

20.2.1.4  [Key Points of Diagnosis]
 1. With acute attack, the disease presents with otalgia, fever 

and pus discharge from the ear, accompanied by periau-
ricular and postauricular soft tissue swelling.

 2. Acute pyogenic infection in the middle ear mucosa.
 3. CT shows tympanic cavity or tympanic antrum of the 

middle ear with or without disappeared gas and increased 
density in the mastoid process.

20.2.1.5  [Differential Diagnosis]
1. Secretory Otitis Media. Its clinical manifestations are ear 
fullness and distension and hearing loss, without abnormal 
ear secretions and vertigo. CT shows the absence of gas in 
the middle ear cavity, high-density soft tissue shadows, and 
no bone destruction.
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2. Chronic Suppurative Otitis Media. The patients have 
a history of long-term pus discharge from the ear and develop 
hearing loss. Imaging examination shows poor 
 pneumatization of mastoid process on the affected side, and 
empyema, mucosal hypertrophy, patchy granulation tissue 

and spherical masses in the middle ear cavity, which are 
mostly associated with enlarged tympanic cavity and tym-
panic antrum and auditory ossicular chain destruction, and 
can involve the brain plate, horizontal semicircular canal and 
other structures [7].

a b

c d

Fig. 20.2 Acute suppurative otitis media. A 6-year-old male patient. 
He was admitted to the hospital mainly because of upper respiratory 
tract infection, and suffered from right side otalgia five days later. CT 
examination showed slightly hyperintense in bilateral ethmoidal sinus 
and sphenoid sinus, promoting inflammation of bilateral ethmoidal 
sinus and sphenoid sinus. (a–d) CT bone window at transverse plane 

shows that right tympanic antrum wall and right air cell septum are 
partially damaged. (a) CT bone window at transverse plane shows 
incomplete tympanic membrane. (b and c) CT bone window at trans-
verse plane shows that right middle ear tympanic cavity, tympanic 
antrum, right mastoid air cell and right ossicular chain peripheral 
regions are filled with soft tissue shadows
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20.2.1.6  [Status Quo and Progress of Research]
HRCT can clearly show the site and extent of the disease and 
bone destruction in the air cell septum, which is the preferred 
examination method for acute suppurative otitis media. 
When the disease involves surrounding structures, causing 
postauricular abscesses, thrombosis of sigmoid sinus and 
(or) intracranial infection, Enhanced CT and MRI examina-
tions are required [1, 5].

20.2.2  Chronic Suppurative Otitis Media

20.2.2.1  [Overview]
Chronic suppurative otitis media is a chronic pyogenic 
inflammation, which occurs in the mucosa or periosteum of 
middle ear, or deep to the bone, mostly accompanied by mas-
toid inflammation. Severe patients have inflammation deep 
to the mastoid bone. The common clinical symptoms are 
long-term intermittent or persistent pus discharge, perfora-
tion of tympanic membrane and hearing loss. If the disease is 
protracted, intracranial or extracranial complications will be 
caused.

The etiology includes acute suppurative otitis media not 
treated thoroughly, decreased systemic or local immunity, 
and chronic lesions in the nose and pharynx. It has not been 
determined whether tympanic cavity catheterization can be 
complicated with this disease. Poor pneumatization of mas-
toid process may be associated with the disease. The most 
common pathogen is staphylococcus aureus.

Chronic suppurative otitis media can be traditionally 
divided into simple type, bone ulcer type (granuloma type) 
and cholesteatoma type. Currently, cholesteatoma of the 
middle ear tends to be considered as an independent disease. 
As the infection with pyogenic bacteria may be combined in 
the occurrence and development process of cholesteatoma, 
and important characteristics of chronic suppurative otitis 
media are maintained, the disease can be classified into two 
types: chronic suppurative otitis media with cholesteatoma 
or without cholesteatoma [8]. This section mainly describes 
the chronic suppurative otitis media without cholesteatoma. 
See Section 3 of this chapter “Cholesteatoma” for the chronic 
suppurative otitis media with cholesteatoma.

20.2.2.2  [Pathology Findings]
Patients with chronic otitis media have many proliferative 
granulation tissues in the ear mastoid cavity and most 
patients have bleeding. The proliferation of fibrous granula-
tion tissue can be seen microscopically with the infiltration 
of monocytes/macrophages. Columnar epithelial metaplasia 
is found in the middle ear cavity. Most of patients have recur-
rent bleeding and unsmooth long-term drainage, which can 
lead to cholesterol granuloma. Calcification in the tympanic 
cavity can be observed in patients with long course.

20.2.2.3  [Imaging Findings]
1. X-ray Examination

 (1) Simple Type: The tympanic cavity and mastoid antrum 
cavity of temporal bone show an increase in density, or 
with decreased transmittance of mastoid process. Most 
cases are diploetic type or sclerosis type, showing 
blurred mastoid air cell septum. The ossicles are 
normal.

 (2) Bone Ulcer Type: There are soft tissue shadows in the 
tympanic cavity and tympanic antrum cavity, absorption 
and destruction of the ossicles, and limited mastoid bone 
destruction, which mostly occur in the tympanic cavity 
and tympanic antrum areas. Sclerosis and increased den-
sity are often seen at the bone margin, without signifi-
cantly enlarged sinus cavity.

 (3) Cholesteatoma Type: See Section 3 of this chapter 
“Cholesteatoma.”

2. CT Examination. On HRCT, the perforation of tym-
panic membrane is often noted in patients with chronic sup-
purative otitis media, and residual tympanic membrane is 
usually thickened, which are clearly seen on the images. 
When a patient is at different phases, the transmittance of the 
middle ear cavity and mastoid process will be decreased par-
tially or completely. Chronic suppurative otitis media usu-
ally results in the disruption of ossicular chain in the middle 
ear. The most common site of absorption and destruction is 
long crus of incus, followed by manubrium mallei. In severe 
cases, the absorption and destruction of anterior and poste-
rior stapes arches may occur. For these cases, the use of MPR 
can more visually and clearly show the destruction of ossicu-
lar chains (Fig. 20.3). Some cases still may have absorption 
and destruction in the facial nerve canal, lateral semicircular 
canal and brain plate, and its incidence is lower compared 
with cholesteatoma.

 (1) Simple type: The lesion is mainly limited to the meso-
tympanum in patients with poor pneumatization of mas-
toid process presenting sclerosis type, diploetic type or 
mixed type mastoid process. The lesions in the tympanic 
cavity of the middle ear present with cord-like soft tissue 
density shadows or only are thickened tympanic mem-
brane and thickened and blurred bony walls of air cells. 
There is no enlarged tympanic cavity or tympanic 
antrum, no bone or ossicular destruction, and intact 
ossicular chain (Fig. 20.4).

 (2) Bone Ulcer Type: There are soft tissue shadows in the 
tympanic cavity (or with mastoid process), moth-eaten 
destruction in septa, and bone erosion around the sig-
moid sinus. The ossicles may be normal or destroyed. 
On enhanced scan, the granulation tissue can show 
enhancement [9] (Figs. 20.5 and 20.6).
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 (3) Cholesteatoma type: See Section 3 of this chapter 
“Cholesteatoma.”

3. MRI Examination. It has some value in the diagnosis 
of patients with chronic suppurative otitis media. In addition 
to the differentiation of granulation tissue from pus and cho-
lesteatoma by using previously noted T1WI enhanced scan, 
MRI is valuable in the diagnosis of the complications of oti-

tis media, which can detect labyrinthitis in the early stage 
and accurately determine intracranial infection and its extent.

 (1) Simple Type: This type is mainly simple inflammatory 
lesion. The mastoid processes of pneumatic type and 
sclerotic type shows no-signal area. In no-signal area, 
soft tissue signal shadows are seen in the tympanic cav-
ity or tympanic antrum, showing isointense or slightly 

a b

c d

Fig. 20.3 Simple-type otitis media. A 59-year-old female patient with 
a sense of right ear fullness for the past 2 years. (a) CT of temporal bone 
shows soft tissue density shadows in the tympanic cavity of right mid-
dle ear and right mastoid process, and tympanic cavity and tympanic 
antrum not enlarged, good bone structures, poor pneumatization of 

bilateral mastoid processes and thickening of septum. (b–d) After 5 
years, on MR, the patient shows hypointense on T1WI and hyperintense 
on T2WI in the right mastoid process and no enhancement on enhanced 
scan. The meninges show linear enhancement
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hypointense on T1WI and slightly hyperintense or hyper-
intense on T2WI (Fig. 20.3b, c). Viscous pus may also 
show hyperintense on T1WI and hyperintense on 
T2WI. The ossicles in the middle ear are surrounded.

 (2) Bone Ulcer Type: The main manifestations include the 
proliferation of inflammatory granulation and bone 
destruction. Soft tissue shadows in the tympanic cavity, 
mastoid air cells and mastoid antrum show heteroge-
neous signals on T1WI and hyperintense on T2WI 
(Fig.  20.7). On enhanced scan, the granulation tissue 
lesion shows marked enhancement (Fig.  20.5g). The 

adjacent basal temporal lobe, anterior cerebellum and 
cerebellopontine angle may be involved, manifested as 
thickening and enhancement of meninges (Fig.  20.8), 
and “otogenic” meningitis or “otogenic” encephalitis is 
caused [10].

 (3) Cholesteatoma Type: See Section 3 of this chapter 
“Cholesteatoma.” Comparison of MRI signals of choles-
teatoma, granulation and pus: The signals on T1WI are 
isointense or hypointense, and the signal intensity is in 
descending order as follows: granulation, cholestea-
toma, pus; the signals on T2WI are hyperintense, and the 

a b

c d

Fig. 20.4 Granulation-type suppurative otitis media. A 68-year-old 
male patient with chief complaint of “left otalgia and fluid discharge for 
the past 2 years and headache for the past 1 month”. (a–d) CT of tem-
poral bone in the transverse plane shows poor pneumatization of the left 
mastoid process with incomplete bone structure and crumby soft tissue 

density shadows inside. Soft density shadows are noted in the tympanic 
cavity and tympanic antrum of left middle ear and the left ossicular 
chain is not showed. There are complete bone structures in the left 
cochlea and lateral semicircular canal
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Fig. 20.5 Bone ulcer type suppurative otitis media (1). A 35-year-old 
female patient. with pus and fluid discharge from the left ear with head-
ache for the past 1 week. (a–f) The lesion in the tympanic cavity and 
mastoid process of left middle ear shows isointense on T1WI and 

hyperintense on T2WI, with clear margin. (g–i) On enhanced scan, the 
lesion shows marginal linear enhancement; the lesion shows no 
enhancement, the adjacent meninges of left tempus reveals linear 
enhancement

a b

c d

e f
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signal intensity is in ascending order as follows: granu-
lation, cholesteatoma, pus.

20.2.2.4  [Key Points of Diagnosis]
 1. The disease has a long course and recurrent attacks. The 

patients develop hearing loss, partly accompanied by tin-
nitus and vertigo; The hearing examination usually shows 
conductive deafness.

 2. CT shows diffuse hypointensity in the mastoid cavity of 
middle ear, usually accompanied by absorption and 
destruction of the ossicular chain and tympanosclerosis in 
some cases.

 3. The disease may be associated with intracranial meningi-
tis, thrombus of sigmoid sinus, and aural subcutaneous 
and subperiosteal abscesses.

g h

i

Fig. 20.5 (continued)
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20.2.2.5  [Differential Diagnosis]
1. Acute Otomastoiditis. The disease is common in chil-
dren with sudden onset, and significant otalgia, ear full-
ness and distension, which is mostly secondary to 
infections in the upper respiratory tract and nasopharynx. 
Acute patients only have liquid density shadows in the 
mastoid cavity of middle ear without bone absorption and 
destruction.

2. Cholesteatoma Otomastoiditis. The structure around 
the focus changes due to compression, mostly accompanied 
by bone absorption and destruction. The disease most typi-

cally occurs in the lateral attic space, presenting with blunted 
periosteum ridge and increased lateral attic space.

20.2.2.6  [Status Quo and Progress of Research]
HRCT can clearly show the site, extent and air cell septum of 
the disease, as well as bone destruction of ossicular chains, 
facial nerve canals and bony labyrinths, which is the pre-
ferred examination method for otomastoiditis. When the dis-
ease is complicated with labyrinthitis, facioplegia, 
intracranial infection and other diseases, MRI and enhanced 
examination are required [11].

Fig. 20.6 Bone ulcer type suppurative otitis media (2). A 38-year-old 
male patient with bone ulcer type suppurative otitis media, accompa-
nied by left postotic subcutaneous and temporal subperiosteal abscesses 
and abscesses adjacent to sigmoid sinus. (a–f) HRCT shows soft tissue 
density shadows in the tympanic cavity and mastoid process of right 

middle ear, surrounding the right ossicle, and destruction of mastoid 
bone structure, as well as destruction of lateral wall of right squamous 
part of temporal bone and right sigmoid sinus plate. On HRCT, bone 
surrounding the lesion shows moth-eaten destruction without expansive 
changes

a b

c d
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20.3  Cholesteatoma

20.3.1  [Overview]

Cholesteatoma is a cystic structure that is closely attached to 
the adjacent bony wall or tissue with a layer of fibrous tissue 
in different thickness, instead of a true tumor. The inner wall 
of the cyst is stratified squamous epithelium, and in addition 
to exfoliated epithelium and keratotic substances, the cyst 
may contain cholesterol crystals (uncommon). Hence, it is 
called cholesteatoma. Cholesteatoma is characterized by the 
destruction of peripheral bone, causing severe intracranial 
and extracranial complications, which is worthy of attention. 
Cholesteatoma within the temporal bone is most common in 
the middle ear [12], followed by petrous apex and external 
auditory canal. The disease can be divided into congenital 
and acquired cholesteatoma by origin [8].

Congenital cholesteatoma can be classified according to 
its location: (1) congenital cholesteatoma of temporal bone. 
It is mainly located at the petrous apex of the temporal bone 
and progresses to the mastoid process of the middle ear. (2) 
congenital ear deformity with middle ear cholesteatoma. 
Patients with congenital aural atresia and middle ear defor-
mity are often accompanied by cholesteatoma, which is 
mainly confined to the middle ear cavity. It can progress in 
the temporal bone in a long term due to its sterility. The ini-
tial symptoms of the disease are mainly facioplegia, often 
followed by damaged cochlear and vestibular function, and 
nystagmus may occur when the lesion invades the labyrinth. 
Hearing loss, tinnitus and vertigo also occur, and the disease 
in the advanced stage may present headache, injury of cra-
nial nerves and other symptoms.

Acquired cholesteatoma can be classified into two types: 
(1) acquired primary cholesteatoma. Patients with the dis-
ease have no history of suppurative otitis media and may 
have a past medical history of secretory otitis media. The 
lesion is insidious in onset, and the perforation is located at 
the posterosuperior pars flaccida or partes tensa of tympanic 
membrane. Later, suppurative inflammation may occur due 
to secondary infections. (2) acquired secondary cholestea-
toma. The disease is secondary to chronic suppurative otitis 
media, and big or marginal perforation in the tympanic mem-
brane and stratified squamous epithelium grows from the 
perforated edge to posterior tympanic cavity or attic, and 
tympanic antrum, forming cholesteatoma. Cholesteatoma in 
the external auditory canal also may be deemed as acquired 
secondary cholesteatoma after the invasion into the middle 
ear.

Cholesteatoma in the external auditory canal is not rare, 
of which causes include inflammation, trauma and surgery, 
and the pathogenesis is unclear [13].

20.3.2  [Pathology Findings]

Acquired cholesteatomas are usually “open,” not “closed” or 
cystic, and located in the middle ear cavity, which are often 
accompanied by severe chronic otitis media. An acquired 
cholesteatoma is roughly a pearl-like gray structure that con-
sists of dead, fully differentiated, nuclear-free keratinized 
squamous epitheliums, which is deemed as the keratinized 
layer of squamous epitheliums. As with any normal stratified 
squamous epithelium, there are 1–3 basal cell layers above 
which the prickle cell layer is located, consisting of 5–6 lay-
ers of cells with intercellular bridges. The deep layer of the 

e f

Fig. 20.6 (continued)
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Fig. 20.7 Bone ulcer type suppurative otitis media (3). A 45-year-old 
male patient. with pus and fluid discharge from the right ear for the past 
2 years and swelling and pain in the right ear for the past half a month. 
(a, b, d and e) MR non-enhanced scan shows crumby isointense on 
T1WI and heterogeneous signals on T2WI in the right external auditory 
canal, and the tympanic cavity, tympanic antrum and mastoid air cells 
of right middle ear, which protrude subcutaneously behind the right 
external auditory canal and spread along the subcutaneous soft tissue 

space. (c and f) On DWI, the lesion shows heterogeneous signal shad-
ows. (g, h and i) There is a subperiosteal abscess in the right mastoid 
portion with the formation of postauricular subcutaneous abscess. The 
wall with hyperintense on T2WI and pus with hyperintense on T2WI are 
formed around the abscess. Bone absorption and destruction occurs in 
some right mastoid air cells and anterior outer wall of sigmoid sinus, 
which suggests bone ulcer type suppurative otitis media

epithelium within the stroma of cholesteatoma often actively 
grows and extends downwards into the connective tissue 
under epidermis.

Pathogenesis of congenital cholesteatoma: A small clus-
ter of cells can be seen near the tympanic membrane in the 
anterior superior lateral middle ear within the temporal bone 
after 15 weeks of pregnancy, which is proved to be epider-
moid cells in nature by immunohistochemistry. These “epi-
dermoid structures” are derived from the active epidermis of 
the tympanic membrane. With age, the cholesteatoma has 
significantly increased volume while presenting increasing 
epidermal differentiation. In the normal development, the 
epidermoid cluster will disappear in the first year of life. If it 
does not regress and continue to grow, the cluster will 
become a congenital cholesteatoma. Among 10% congenital 
cholesteatoma, the lesion is “open” and exfoliated squamous 
epitheliums extend into the tympanic cavity. The stroma of 
congenital cholesteatoma is epidermis which is composed of 
monolayer basal cells, several layers of germinal cells, and a 

thin layer of granular cells. In open cases, the surface of dead 
and keratinized stratified squamous epithelium fuses with 
keratinized substance or keratinized layer in the cystic cav-
ity, of which immunostaining presentations are similar to 
acquired cholesteatoma.

20.3.3  [Imaging Findings]

 1. X-ray Examination. Schiller’s view and Mayer’s view 
are used for the diagnosis of temporal bone lesions. 
There is increased density of mastoid process in scle-
rosis type, enlarged attic and tympanic antrum, clear 
and sharp sclerotic bone margin. The large cholestea-
toma in the mastoid antrum region can be seen in the 
open dural triangle of the sinus. The white bony line at 
the margin of sigmoid sinus dura is blurred or inter-
rupted, suggesting destruction of sigmoid sinus. 
Occasionally, the ossicular chain is missing or incom-
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plete (radiolucent area where the external auditory 
canal overlaps).

 2. HRCT Examination
 (1) Congenital Cholesteatoma: The lesion may occur in any 

part of temporal bone and be most common in the 
petrous apex. It presents with the cavity of bone destruc-
tion at the petrous apex, accompanied by soft tissue 
masses in the cavity and smooth margin. The typical 
congenital cholesteatoma of the middle ear is mostly 
located at the anterior part of mesotympanum and can 
involve the petrous apex and ossicular chain. The tym-
panic membrane is usually intact, and the lateral attic 
wall is not damaged. The disease can be differentiated 
from the acquired cholesteatoma based on the above 
characteristics. A large cholesteatoma may also result in 
the destruction of ossicular chains, with the destruction 
of lateral attic wall starting from the internal surface. 
Patients with congenital aural atresia and middle ear 
deformity are often accompanied by cholesteatoma, 
which is mainly confined to the middle ear cavity.

 (2) Acquired Cholesteatoma: Primary cholesteatoma with 
the perforation of tympanic membrane is difficultly dif-
ferentiated from secondary cholesteatoma based on 
images. The acquired cholesteatoma has one or more of 
the following manifestations: (1) erosion of anterior part 
(tympanic scutum) and/or anterior tympanic crest of lat-
eral attic wall. (2) Soft tissue nodules or masses lateral to 
the ossicle of attic. (3) increased space (Prussak's space) 
between the lateral attic wall and the ossicle which is 
caused by the medial movement of the ossicle due to 
compression and the erosion and destruction of the lat-
eral attic wall. (4) tegmen tympani showing an arc- 
shaped contour with smooth margin when cholesteatomas 
fill the attic and progress to the tectum. (5) primary cho-
lesteatoma is considered when the tympanic membrane 
is intact, and the head of malleus and body of incus in 
the ossicular chain are the most vulnerable to erosion. 
Secondary cholesteatoma is more common, and the head 
of malleus is usually in good shape while the long crus 
of incus is often eroded. (6) cholesteatoma may progress 

a b c
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Fig. 20.8 Bone ulcer type suppurative otitis media (4). A 65-year-old 
male patient with pus and fluid discharge from the right ear for the past 
2 years and headache on the right side for the past half a month. (a–c) 
MRI enhanced scan shows marked ring enhancement with homoge-
neous thickness in lesions in the tympanic cavity, tympanic antrum, 
mastoid air cells of right middle ear, and subcutaneous part behind right 

ear, which suggests marked enhancement of granulation component of 
abscess wall and no enhancement of central pus. (d) Crumby ring 
enhancement shadow is seen in the junction of right sigmoid sinus and 
transverse sinus, sigmoid sinus is compressed and flattened, and the 
strip-shaped no-enhancement area is noted inside, so thrombosis is 
considered
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backwards into the tympanic antrum. On CT, the expan-
sion of aditus of tympanic antrum and the extent of the 
posterosuperior part of cholesteatoma are clearly 
observed. The short crus of incus in the incudal fossa is 
often eroded. The focus may gradually progress and par-
tially and completely fill the tympanic antrum cavity, 
causing enlarged antrum cavity and further progress to 
the mastoid process, leading to progressive destruction 
and formation of large cavities with smooth and blurred 
contour (Figs. 20.9, 20.10 and 20.11).

 (3) Cholesteatoma of the external auditory canal: The typi-
cal imaging findings are soft tissue masses in the exter-
nal auditory canal accompanied by enlarged external 
auditory canal, compressive absorption of osseous seg-
ment, main involvement of inferior wall, and relatively 
smooth margin. When the focus is small, the tympanic 

membrane is usually not involved. A large cholestea-
toma in the external auditory canal may extend inward to 
the middle ear, epitympanum and mastoid process.

 3. MRI Examination. Compared with the grey matter, the 
focus shows isointense or slightly hypointense on T1WI 
and slightly hyperintense or isointense to hyperintense 
on T2WI, as well as bright hyperintense on T2-FLAIR 
sequence and DWI, which can be deemed as characteris-
tic imaging manifestations of cholesteatoma. On 
enhanced scan the focus shows no enhancement and has 
enhancement in the surrounding area if inflammation 
occurs around it.

When the focus is small or there is a residual or recurrent 
focus after operation, it is often difficult to differentiate the 
focus from the peripheral inflammatory tissue and inflamma-

a b

c d

Fig. 20.9 Cholesteatoma in the left tympanic cavity. A 53-year-old 
female patient with fluid discharge from the left ear since over 10 years 
and aggravated condition since 2 months. (a–d) CT non-enhanced scan 
shows soft tissue density shadows in the tympanic cavity, tympanic 
antrum and mastoid air cells of left middle ear, irregular tegmen, and 
intact ossicular chain and facial nerve canal. Intraoperative: The tym-

panic membrane shows a big perforation with granulation. Granulation 
is observed in the tympanic antrum and attic. Complete ossicular chain, 
middle cranial fossa plate and sigmoid sinus plate, facial nerve bone 
canal and bone lamella of lateral semicircular canal are seen. The 
images are consistent with intraoperative findings
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tory swelling of the middle ear mucosa by enhanced images. 
In this case, the specific hyperintense on DWI is of value in 
the diagnosis of cholesteatoma. The enhancement of corre-
sponding segments can be observed in a patient with the 
invaded facial nerve with inflammation [13] (Figs. 20.11 and 
20.12).

20.3.4  [Key Points of Diagnosis]

 1. The main clinical symptoms are long-term pus discharge 
from the external auditory canal, increased secretions, 
hearing loss and even conductive deafness; The lesion is 
the same as otomastoiditis after secondary infection.

 2. Endoscopy shows the perforated tympanic membrane; at 
the perforation area, red fragmental or bean dregs-like 
substances can be seen in the tympanic cavity, with odor.

 3. Through the HRCT and MR examinations, the soft tissue 
mass without enhancement can be seen in the Prussak's 
space, with the destruction of tympanic scutum and 
ingression of ossicles, which can suggest the diagnosis of 
cholesteatoma in the pars flaccida of tympanic mem-
brane. The soft tissue mass without enhancement is found 
in the posterior tympanic cavity, with the destruction of 
tympanic antrum and facial nerve recess, and outward 
movement of ossicles due to compression, suggesting the 
diagnosis of cholesteatoma in the partes tensa of tym-
panic membrane. The soft tissue mass without enhance-
ment is observed in the external auditory canal, with local 
enlargement of the external auditory canal and destruc-
tion of bony wall, suggesting the diagnosis of cholestea-
toma in the external auditory canal [14]. DWI shows 
hyperintense in the mastoid process of middle ear, sug-
gesting cholesteatoma.

a b

c d

Fig. 20.10 Right chronic otitis media (pars flaccida cholesteatoma). A 
44-year-old female patient with recurrent fluid discharge from the right 
ear with hearing loss since half a year. Physical examination: The upper 
wall of right external auditory canal collapses with plentiful purulent 
secretion. (a–d) CT non-enhanced scan shows crumby soft tissue den-
sity shadows in the right external auditory canal, and the tympanic cav-

ity, tympanic antrum and mastoid air cells of right middle ear; the bone 
shape of right ossicular chain, right tegmen tympani, right anterior sig-
moid sinus, right facial nerve cannal and right horizontal semicircular 
canal (lateral semicircular canal) is irregular (consistent with intraop-
erative findings)
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Fig. 20.11 Cholesteatoma in the right tympanic cavity (1). A 49-year- 
old male patient with pus discharge from the right ear with hearing loss 
for the past 20 years, aggravated condition since 1 month, and faciople-
gia since 10 days. Pathological diagnosis: cholesteatoma in the pars 
flaccida of tympanic membrane of right middle ear with formation of 
granulation tissue. (a–d) CT non-enhanced scan shows soft tissue den-
sity shadows in the tympanic cavity, tympanic antrum and mastoid air 

cell of right middle ear, and partially absent bony structure of right mas-
toid air cell. Incomplete right ossicular chain with partial agenesis and 
structural destruction of facial nerve canal are noted. (e–h) The MRI 
non-enhanced scan for the patient reveals masses in the tympanic cav-
ity, tympanic antrum and mastoid air cells of right middle ear, showing 
heterogeneous isointense on T1WI and hyperintense on T2WI, marked 
hyperintense on DWI, and isointense on ADC

a b
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e f
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 4. Cholesteatoma may have many complications, including 
intracranial meningitis, brain abscess, venous sinus 
thrombosis, subcutaneous and subperiosteal abscesses. 
Care should be taken to identify complications on CT and 
MRI.

20.3.5  [Differential Diagnosis]

 1. Differentiation from Cholesteatoma of Petrous 
Apex

 (1) Cholesterol Granuloma: T1WI and T2WI show hyperin-
tense for the two lesions.

 (2) Petrous Apicitis: It is often secondary to otitis media and 
it shows enhancement on enhanced scan, commonly 
accompanied by enhancement of adjacent meninges and 
Meckel’s cavity.

 (3) Fat Marrow Space of Petrous Apex: It occurs in 5% of 
the population. It is easily mistaken for a soft tissue mass 
with osteolytic destruction on CT, and MRI fat satura-
tion sequence may be applied for their differentiation.

 (4) Cyst of Petrous Apex: It shows hypointense on T1WI and 
hyperintense on T2WI, which easily makes it mistaken 
for cholesteatoma. However, it shows hypointense on 
T2-FLAIR and DWI, helping the differentiation from 
cholesteatoma.

a b

c d

e f

Fig. 20.12 Cholesteatoma in the right tympanic cavity (2). The same 
patient as that of Fig. 20.10 receives a MRI examination. (a–f) MRI 
shows isointense on T1WI and hyperintense on T2WI in the right exter-
nal auditory canal, and the tympanic cavity, tympanic antrum and mas-
toid air cells of right middle ear, with heterogeneous signals inside, and 

the right horizontal semicircular canal (lateral semicircular canal) with 
ill-defined border from the mass; The mass invades to the right through 
the right tegmen tympani, and is closely associated with the anterior 
wall of right sigmoid sinus
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 2. Differentiation from Cholesteatoma of Middle Ear
 (1) Chronic Suppurative Otitis Media: On CT, there is 

osteosclerosis in the mastoid air cells of the middle ear, 
but the lesion does not show expansionary changes. The 
destruction and absorption in ossicles may occur, but it 
is not usually accompanied by the destruction of tym-
panic scutum and expansion of Prussak’s space. The 
lesion reveals typically inflammatory hyperintense on 
T2WI and may show enhancement on enhanced scan.

 (2) Other Space-Occupying Lesions of Middle Ear: Such 
lesions as cancer of middle ear and glomus tympanicum 
tumor may be manifested as soft tissue shadow in the 
tympanic cavity; CT shows obvious moth-eaten bone 
destruction, and enhanced MRI scan shows solid 
enhancement of the lesion.

 3. Differentiation from Cholesteatoma of External 
Auditory Canal

 (1) Ketatosis Obturans of External Auditory Canal: The dif-
ferentiation of the two lesions mainly depends on clini-
cal symptoms. The lesion often occurs simultaneously in 
two ears and has severe skin inflammation in the exter-
nal auditory canal, presenting acute pain and keratinized 
epithelial thrombus occluding the whole bony external 
auditory canal.

 (2) Malignant External Otitis: The disease is common in 
elderly patients with diabetes or immunodeficiency. It 
has a wide range of erosion and often involves space 
between peripheral tissues with serious bone 
destruction.

 (3) External Auditory Canal Cancer: The disease is common 
in middle-aged and elderly patients who have a history 
of long-term chronic suppurative otitis media and 
develop otalgia and bleeding. The focus has a wide range 
of attack and causes severe peripheral bone destruction 
with moth-eaten changes. Enhanced MRI scan shows 
focal enhancement.

20.3.6  [Status Quo and Progress of Research]

HRCT is the first choice for imaging examination of choles-
teatoma. In recent years, studies have found that hyperin-
tense on DWI is of highly diagnostic value for cholesteatoma. 
Enhanced MRI scan is helpful to differentiate cholestea-
toma from granulation tissue, tumors and other lesions. The 
combination use of HRCT and MRI plays a complementary 
role in imaging diagnosis of cholesteatoma. Currently, CT 
and MRI can be combined in the diagnosis of cholesteatoma 

of external auditory canal, and MSCT and CPR techniques 
can clearly show the enlargement of external auditory canal 
and bone condition. MRI can clearly display lesions of soft 
tissue [15].
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Special and Rare Ear Inflammation

Meizhu Zheng, Jingshi Wang, and Shuang Xia

21.1  Necrotizing External Otitis and Otitis 
Media

21.1.1  [Overview]

Necrotizing external otitis, also known as malignant external 
otitis, is an uncommon severe infectious lesion. It mostly 
presents in immunocompromised elderly patients with dia-
betes. The main pathogen is Pseudomonas aeruginosa. 
Aspergillus and other organisms may be pathogenic factors 
in patients with immunodeficiency or AIDS. Its clinical man-
ifestations are persistent pain of external auditory canal, 
increased secretions and conductive deafness; At the 
advanced stage, the disease may cause facial nerve palsy and 
paralysis in cranial nerves IX–XII.  Intracranial dissemina-
tion can lead to sigmoid sinus thrombosis, meningitis, and 
intracranial empyema [1].

Necrotizing external otitis, osteomyelitis of mastoid pro-
cess and middle ear, osteitis of skull base, skull base osteo-
myelitis are used to describe osteomyelitis in the temporal 
bone. There is still a great confusion in its definition [2]. 
Necrotizing external otitis is an infection involving the exter-
nal auditory canal and surrounding bones [3]. Considering 
that it is not a tumor, the name “malignant external otitis” is 
being replaced. In the osteomyelitis, infection involves blood 
vessels of bones, impairs blood flow, and causes new bone 
formation around the necrotic or infected bones and necrotic 
area, resulting in sequelae. The sudden occurrence of symp-
toms and signs at the initial infection period is suggestive for 
acute osteomyelitis. If the infection is not completely 

resolved at this stage, subacute or chronic osteomyelitis will 
become apparent.

21.1.2  [Pathology Findings]

The pathological findings are inflammatory granulation tis-
sue and necrotic tissue. Autopsy studies have demonstrated 
that in addition to granulation and fibrous tissue, fibroblasts 
and papillary proliferation occur in cases with the diseases of 
outer ear [2]. Inflammation extends into the middle ear 
through the tympanic membrane, resulting in complete 
destruction of the tympanic membrane. A mass of osteoblast 
and osteoclast are produced in the bony wall of external 
auditory canal, and the ossicular chain is obviously destroyed. 
The auditory tube is full of granulation tissue. The dehis-
cence of horizontal part of facial nerve canal causes inflam-
matory cells to invade the bone canal and surrounding area 
of the nerve [4].

21.1.3  [Imaging Findings]

1. X-ray Examination. X-ray examination is not very help-
ful for early diagnosis. In some cases, the projection of the 
external auditory canal on the affected side is not complete 
on radiographs of Schiller’ view or Mayer’s view, with 
blurred bony high-density line shadow. For advanced cases, 
there is serious bone destruction of external auditory canal 
and mastoid process and petrous pyramid of temporal bone. 
The radiograph of skull base shows the external auditory 
canal with no air and increased density, blurred bony wall, 
bone destruction of petrous pyramid, and disappeared con-
tour. The radiographs of Schiller’ view and Mayer’s view 
show bone destruction of petrous pyramid and mastoid pro-
cess on the affected side, structure disorder, and lack of 
specificity.
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2. CT Examination

 (1) Early stage: The examination shows no significant 
abnormality, or presents thickening and swelling of soft 
tissue of external auditory canal, narrow external audi-
tory canal cavity, and mild erosion of bony wall. 
Subsequently, the lesion is gradually expanded so that 
the external auditory canal is filled with irregular moth- 
eaten bone destruction in bony wall of external auditory 
canal and coarse edge. Bone destruction of the corre-
sponding bone canal can be observed if the facial nerve 
canal and other bony nerve canals be involved [4].

 (2) Advanced Stage: The lesion has a very wide range of 
involvement. Soft tissue swelling of external auditory 
canal and cellulitis or abscess adjacent to deep space and 
bone destruction can be noted. The inflammation usually 
spreads downwards to soft tissue beneath the temporal 
bone through small cracks in the temporal segment of 
external auditory canal, and involves stylomastoid fora-
men and infratemporal fossa. The inflammation may 
also invade backwards mastoid air cells and inwards the 
tympanic cavity, internal ear region, parapharyngeal 
space, and soft tissue of nasopharynx. The focus may 
surround carotid artery, internal jugular vein and other 
blood vessels and may involve the carotid sheath region. 
Infection may rapidly involve forwards temporal- 
mandibular joints and parotid gland region through the 
infratemporal fossa region. The pain of temporal- 
mandibular joints may be the first symptom of necrotiz-
ing external otitis. Facioplegia is often the initial nerval 
symptom, suggesting the involvement of the course area 
of facial nerve canal. In severe cases, severe osteomyeli-
tis may occur throughout the petrous pyramid and invade 
backwards the clivus of occipital bone and further the 
skull, causing secondary meningitis, brain abscesses, 
venous sinus thrombosis and other intracranial compli-
cations, and may even spread down through the vertebral 
canal. The involvement of jugular fossa in patients may 
also lead to sigmoid sinus and jugular embolism 
(Fig. 21.1a–d).

3. MRI Examination. The external auditory canal and 
surrounding soft tissue shadows show hypointense on T1WI 
and heterogeneous signal on T2WI. T1WI shows the hyperin-
tense shadow in bone marrow cavity fat of involved mandi-
ble and skull base replaced by the hypointense shadow 
(Fig.  21.1e–j). On enhanced scan, T1WI reveals heteroge-
neous enhancement of diffuse soft tissue shadow and hypoin-
tense shadow of bone marrow cavity and no enhancement of 
abscesses. The dynamic curve of the solid part of the lesion 
is a plateau pattern, suggesting the inflammatory lesion. 
When the lesion involves the skull, enhanced MRI scan can 
clearly show the enhanced inflammatory focus. When the 

facial nerve is involved, the facial nerve shows segmental 
enhancement, and the involvement of adjacent meninges 
presents as thickening and enhancement (Fig. 21.2).

The four modes of peripheral extension in necrotizing 
external otitis are medial, anterior, crossed, and intracranial 
extension. Anterior extension: extension and involvement of 
masticatory space and/or condylar bone marrow infiltration; 
medial extension: thickening of side wall of ipsilateral naso-
pharynx and/or ipsilateral soft tissue infiltration; crossed 
extension: the side wall of contralateral nasopharynx thick-
ened due to contralateral soft tissue infiltration; intracranial 
extension: enhanced cerebral dura mater. In addition to the 
above modes, lesions may also occur in blood vessels. Fungi 
normally spread in vessels, keeping the temporal bone rela-
tively intact [2].

21.1.4  [Key Points of Diagnosis]

 1. Patients are the elderly with diabetes or immunodefi-
ciency. Severe otalgia, purulent bloody otorrhea, and 
granulation tissue at the junction of bone and cartilage of 
the basal wall of the external auditory canal, unlike signs, 
are non-specific initial manifestations.

 2. Pseudomonas aeruginosa is found in a pathological 
biopsy of granulation tissue of external auditory canal.

 3. CT and MRI show soft tissue foci in the external auditory 
canal with different degrees of tamponade inside and 
irregular moth-eaten bone destruction of adjacent bony 
wall. The enhancement of invaded nerve segments can be 
observed on enhanced MRI. The lesion easily spreads to 
peripheral tissues and space, and at the advanced stage, it 
has a wide range and invades the skull, causing severe 
intracranial infection.

21.1.5  [Differential Diagnosis]

1. External Auditory Canal Cancer. The disease has simi-
lar clinical symptoms and imaging findings to necrotizing 
external otitis. The main identification method relies on path-
ological biopsy. It is necessary to perform a timely and early 
biopsy of granulation tissue of basal wall of external audi-
tory canal. Latent tumors that do not respond to routine anti- 
inflammation therapy may be excluded [4].

2. Severe Non-Specific External Otitis. The lesion gen-
erally do not invade the bony wall of external auditory canal 
and peripheral tissue space, and the bone plate does not have 
vascular necrosis and can be re-calcified.

3. Nasopharyngeal Tumor. In a few cases, necrotizing 
external otitis may occur bilaterally and infiltrate centrally. It 
needs to be differentiated from primary nasopharyngeal 
tumors. The key of identification is the center of nasopharyn-
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geal tumors located in the nasopharynx, usually not 
 accompanied by soft tissue shadow in the external auditory 
canal and bone destruction of adjacent bony wall.

4. Malignant Tumor of Temporal Bone. Malignant 
tumors of temporal bone, including temporal osteosarcoma 
and metastatic tumor, cause bone destruction centered on the 

temporal bone, with slight changes in the outer ear in most 
cases, degree of destruction not directly proportional to mass 
size, and limited swelling of peripheral soft tissue.

5. Cancer of Middle Ear. The imaging examination 
shows bone destruction of middle ear cavity with irregular 
margin in silkworm-eaten appearance and local soft tissue 
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Fig. 21.1 Necrotizing 
external otitis (1). A 
83-year-old male patient. with 
biopsy of nasopharyngeal 
mass. Pathological findings: 
chronic inflammation of 
mucosa with proliferation of 
lymphoid tissue, and some 
tissues deformed by 
compression. IHC: no 
obviously preponderant 
proliferation for CD3 and 
CD20, epithelial positive for 
CK, negative for CD56, 
negative for Syn, sparsely 
positive for Ki-67. Clinical 
diagnosis: Right necrotizing 
external otitis; endocarditis; 
right infection of 
parapharyngeal space; skull 
base osteomyelitis. (a–d) 
High-resolution CT of 
temporal bone shows soft 
tissue density shadow in the 
right external auditory canal, 
growing towards the petrous 
apex, incomplete bone 
structure of anterior wall of 
right external auditory canal 
with unsmooth surface, 
incomplete bone structure of 
right foramen lacerum, bone 
erosion of petrous apex, and 
bilateral mastoid process in 
diploetic type. (e and f). MRI 
shows strip-like isointense on 
T1WI and slightly 
hyperintense on T2WI in the 
right external auditory canal. 
(g) DWI shows isointense or 
slightly hyperintense. (h) 
ADC shows isointense. (i, j) 
Coronal MRI reveals soft 
tissue shadow, involving the 
posterior wall of tympanic 
cavity of middle ear, and 
connected with the skull
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mass. The lesion shows enhancement after enhanced scan. 
At the late stage, the external auditory canal may be involved.

21.1.6  [Status Quo and Progress of Research]

Imaging examination is very important for definitive diagno-
sis of malignant external otitis. CT can show bone destruc-

tion and soft tissue mass formation in the external auditory 
canal region in a convenient, fast, and clear manner, so it is 
recommended as the preferred examination for suspected 
patients. Patients who are suspected of intracranial infection 
or difficult to diagnose can further receive enhanced MRI 
examination. CT can definitely display the extent of infec-
tion and bone destruction occurring in late necrotizing exter-
nal otitis and detect the abscess formation and the infection 

a b
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Fig. 21.2 Necrotizing external otitis (2). The same patient as that of 
Fig. 21.1 receives the dynamic contrast-enhanced MRI examination in 
order to determine the presence of intracranial invasion and bone mar-
row involvement. (a and c) Enhanced T1WI in the coronal plane and 
transverse plane shows marked enhancement of soft tissue in the exter-
nal auditory canal and the tympanic cavity of middle ear. (c) Enhanced 
T1WI in the coronal plane shows the lesion surrounding the right 
temporal- mandibular joint and invading the right auditory tube and 

right parapharyngeal space, and thickened meninges of adjacent right 
temporal pole with linear marked enhancement (arrow). (b) Enhanced 
T1WI in the transverse plane shows marked enhancement of bone mar-
row at the squamous part and the petrous apex of the right temporal 
bone. (d–f) The enhancement curve of soft tissue in the right external 
auditory canal and tympanic cavity of middle ear is a rapid plateau pat-
tern. The enhancement curve of the meninges of right temporal pole is 
a rapid plateau pattern, suggesting the inflammatory lesion
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involvement of middle ear, mastoid process, facial nerve 
canal, temporal-mandibular joint, infratemporal fossa, naso-
pharynx, petrous apex or carotid canal. However, at the early 
stage of osteomyelitis, prior to the occurrence of bone 
destruction, there may be no any positive finding on CT 
Moreover, decreased bone density of the skull base and other 
manifestations at the late stage may still persist after infec-
tion control, so CT is not suitable to judge therapeutic effect. 
In addition, it is not ideal for CT to observe the extent of 
intracranial infection and involvement of bone marrow. MRI 
can clearly show the involvement of intracranial soft tissue, 
skull base and bone marrow cavity, and enhancement of dura 
mater, but it is also unsuitable to monitor therapeutic effect 
as these imaging changes persist. MRI is not recommended 
as the imaging examination method for early diagnosis 
because it is unable to observe bone invasion in time. The 
technetium-99 bone scan can detect bone changes when CT 
cannot show sufficiently the extent of bone destruction. As 
destroyed bone cannot be re-calcified, CT is not suitable to 
observe the effect of antibiotic treatment, but gallium-67 
bone scan is very applicable [5]. Patients who receive antibi-
otic treatment must undergo surgical drainage if sequestrum 
is found on CT.  MRI can reveal the extent of soft tissue 
invasion.

21.2  Tuberculous Otitis Media

21.2.1  [Overview]

Tuberculous otitis media (TOM) is a rare cause of chronic 
pyogenic infection of the middle ear and mastoid process. It 
accounts for only 0.04% of all cases of chronic suppurative 
otitis media. The disease is common in young people or 
infants, mostly under the age of 15 and in male. The preva-
lence of AIDS contributes to continuously increased inci-
dence of the disease. When a patient has a history of 
tuberculosis and develops chronic otitis media, the possibil-
ity of tuberculous otitis media should be considered in the 
patient. Tuberculous otitis media has three different routes of 
transmission: inhalation of mucus through the auditory tube; 
blood dissemination from other tuberculosis foci; direct 
implantation through the external auditory canal or tympanic 
membrane perforation. Tuberculous otitis media is more 
common in children than in adults as secretions can flow into 
the middle ear cavity through the auditory tube in children 
[6].

21.2.2  [Pathology Findings]

Histological examination is of great significance in the diag-
nosis of the disease. Three types of changes are frequently 

seen: miliary, granulomatous and caseous. The miliary type 
is associated with superficial infection, the granulomatous 
type with superficial bony involvement, and the caseous type 
with massive necrosis and sequestration.

Histological examination can show granuloma formation 
with caseous necrosis, epithelioid cells and Langhans multi-
nucleated giant cells. The middle ear may be filled with ecto-
pic bone in which the characteristic Langhans multinucleated 
giant cells, epithelioid cells and round cells are found. The 
ossicles, except for the stapes footplate, may be destroyed. 
Tubercles often occupy the facial nerve canal, in place of the 
nerve, just posterior to the geniculate ganglion.

21.2.3  [Imaging Findings]

1. CT Examination. The typical findings are the mastoid 
cavity of middle ear fully filled with soft tissue foci, with no 
or little residual air space. (1) In the early stage, no periph-
eral bone destruction is found on CT, so it is often difficult to 
be differentiated from the chronic suppurative otitis media. 
Honeycomb morphology of the bony wall of mastoid air 
cells of tuberculosis-caused otomastoiditis may persist, in 
which soft tissue shadows are filled. The bony wall usually 
has no sclerotic margin; soft tissue foci in the tympanic cav-
ity may extend into the external auditory canal and may be 
accompanied by thickening of external auditory canal 
mucosa. (2) In the advanced stage, different degrees of moth- 
eaten bone destruction can be observed in the peripheral wall 
of external auditory canal, surrounding area of tympanic cav-
ity, bony wall of mastoid air cells, ossicular chain (the 
destruction of the long crus of incus is the most frequently 
seen), and labyrinthine bony wall of internal ear, with irregu-
lar and coarse margin. Fragmental sequestrum can be found 
in soft tissue foci within the tympanic cavity, with abscesses 
around the auricle and mastoid fistula, etc. Foci in severe 
cases may invade the bone of skull base, causing tuberculous 
osteomyelitis (Fig. 21.3).

2. MRI Examination. Soft tissue signal shadows can be 
seen in the tympanic cavity and mastoid cavity of middle ear. 
Compared with the gray matter, the focus shows hypointense 
on T1WI and isointense, slightly hypointense or slightly 
hyperintense on T2WI, and the signals are heterogeneous.

 (1) In the early stage, the internal ear is commonly not 
involved.

 (2) In the advanced stage, severe cases have a wide range of 
foci and the labyrinth, external auditory canal and auri-
cle may be involved. The invasion of skull base bone 
may cause changes of the signal in bone marrow cavity 
and presents as signs of highly sensitive and non-specific 
osteomyelitis: hypointense on T1WI and hyperintense on 
T2WI in the bone marrow cavity. On enhanced scan, the 
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foci show marked enhancement, with a more clear 
extent. If a patient’s facial nerve is invaded, the facial 
nerve enhancement is caused, but it is often difficult to 
distinguish the enhancement from the focus.

21.2.4  [Key Points of Diagnosis]

 1. The disease is common in teenagers or infants, mostly in 
males. Most patients have a history of pulmonary tuber-
culosis or tuberculosis in other parts of the body. Otoscopy 
shows multiple perforation of tympanic membrane and 
pale or pink granulation tissue in the tympanic cavity [7].

 2. The typical findings of CT are the mastoid cavity of middle 
ear filled with soft tissue foci, with no or little residual air 
space, mastoid bony wall persisting in honeycomb mor-
phology, without sclerotic margin. The lesion may have no 
peripheral bone destruction in the early stage and may 
widely involve adjacent structures in the advanced stage, 
and even invade the bone of skull base in severe cases.

 3. On MR, the lesion presents isointense or hypointense on 
T1WI, and isointense, slightly hypointense or slightly 
hyperintense on T2WI, which are heterogeneous. The 
enhanced scan shows marked enhancement.

21.2.5  [Differential Diagnosis]

1. Cholesteatoma Otitis Media. It mostly occurs in Prussak’s 
space, and the tympanic scutum is the first bone to be dam-
aged, while the tympanic scutum in tuberculous otitis media is 
generally intact. The possibility of labyrinthine fistula and 
facioplegia in cases of cholesteatoma otitis media is signifi-
cantly lower than that in cases of tuberculous otitis media. 
Cholesteatoma mostly presents with thickened mucosa of 
external auditory canal after treatment, while thickened 
mucosa of external auditory canal in tuberculous otitis media 
is usually not responsive to antimicrobial therapy [4].

2. Chronic Suppurative Otitis Media. Long-term 
chronic pyogenic inflammation in the tympanic cavity is 
often accompanied by osteosclerosis of tympanic cavity wall 
and mastoid air cells. MRI examination shows hyperintense 
typical of inflammation on T2WI.  In the early tuberculous 
otitis media, there is no sclerotic margin in adjacent bony 
wall; a wide range of bone destruction may occur in the 
advanced stage. The lesion shows slightly hyperintense on 
T2WI [8].

3. Secretory Otitis Media. It is common in children with 
hypertrophy of nasopharyngeal vegetation. The obstruction 
of the auditory tube causes effusion in the tympanic cavity, 

a b

c d

Fig. 21.3 Tuberculous otitis media. A 21-year-old male patient. 
Pleural effusion is tuberculous exudate on thoracentesis; acid-fast 
bacilli is found on the smear of right ear secretions. (a–d) CT non- 

enhanced scan shows soft tissue density shadows in the right external 
auditory canal and right mastoid air cell
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so the peripheral wall of tympanic cavity and the ossicular 
chain generally have no bone destruction. In MRI examina-
tion, the disease shows bright hyperintense on T2WI.

21.2.6  [Status Quo and Progress of Research]

CT examination is first performed to observe the filling of 
soft tissue lesion in the mastoid process of middle ear and 
bone destruction. When intracranial infection is suspected, 
further enhanced MRI examination should be performed in 
time to determine. In patient with intracranial complications, 
MRI can monitor the therapeutic effect, helping clinical 
development of further treatment regimen [6, 7].

21.3  Other Rare and Special Otitis Media

21.3.1  [Overview]

The acquired immunodeficiency syndrome (AIDS) otitis 
media (Fig. 21.4), syphilitic otitis media (Fig. 21.5) and fun-
gal otitis media among rare and special titis media refer to 
the culture of specific pathogens in the mastoid cavity of 
middle ear [9]. Untreated human immunodeficiency virus 

(HIV) infection and HIV-related immunosuppression can 
significantly increase the risk of opportunistic infections 
caused by bacteria, viruses, fungi and protozoa. Radioactive 
otitis media (Fig. 21.6) is necrosis of sterile radioactive tis-
sue occurring after radiographic exposure of mastoid cavity 
of middle ear. It is usually manifested as chronic inflamma-
tion of the middle ear and mastoid cavity, presenting with 
repeated discharge of secretions through the perforation of 
the tympanic membrane or otorrhea.

21.3.2  [Pathology Findings]

The common pathological features of rare otitis media are 
mucosal swelling, effusion and secondary infection in the 
early stage and fibrotic changes in the advanced stage.

21.3.3  [Imaging Findings]

1. CT Examination

 (1) Early Stage: No peripheral bone destruction is found on 
CT, so these types of otitis media are difficult to be dif-
ferentiated from the chronic suppurative otitis media. 

a b c

d e

Fig. 21.4 AIDS otitis media. A 28-year-old male patient was found to 
have positive HIV antibody 10 months ago, blurry vision in the right 
eye more than 2 months ago, and hearing loss in the left ear 1 week ago, 
accompanied by tinnitus and pus discharge. CT non-enhanced scans in 

the transverse plane (a–c) and coronal plane (d–e) show soft tissue den-
sity shadows in the left tympanic cavity and mastoid process of middle 
ear, soft tissue density shadow in the left external auditory canal, and no 
obvious bone destruction in bilateral ossicles
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Honeycomb morphology may persist, and liquid tissue 
shadows are filled inside. The bony wall usually has no 
sclerotic margin; after the periosteum perforation, liquid 
density foci in the tympanic cavity may extend into the 
external auditory canal and may be accompanied by 
thickening of external auditory canal mucosa.

 (2) Advanced Stage: Different degrees of bone destruction 
can be observed in the peripheral wall of the external 
auditory canal, around the tympanic cavity, bony wall of 
mastoid air cells, ossicular chain, and labyrinthine bony 
wall of internal ear, with coarse and irregular margin. 
Fragmental sequestrum can be found in soft tissue foci 
within the tympanic cavity, with abscesses around the 

auricle and mastoid fistula, etc. Foci in severe cases may 
invade the bone of skull base, causing osteomyelitis.

2. MRI Examination. Liquid signal shadows can be seen 
in the tympanic cavity and mastoid cavity of middle ear. 
Compared with the gray matter, the focus shows hypointense 
on T1WI and isointense, slightly hypointense or slightly 
hyperintense on T2WI, and the signals are heterogeneous.

 (1) Early Stage: The internal ear is commonly not involved.
 (2) Advanced Stage: Severe cases have a wide range of foci 

and the labyrinth, external auditory canal and auricle 
may be involved. The invasion of skull base bone may 

a b c

Fig. 21.5 Syphilitic otitis media. A 28-year-old male patient was 
found to be HIV antibody-positive 5 days ago and blood syphilis anti-
body positive. Symptoms, such as disturbance of consciousness, slow 
reaction, projectile vomiting, occur without any causes. (a–c) MRI non- 

enhanced scan shows spotted and patchy hyperintense on T1WI and 
hyperintense on T2WI in the mastoid process of left middle ear, and 
hyperintense on FLAIR

a b c

Fig. 21.6 Radioactive otitis media. A 65-year-old female patient with 
post-radiotherapy of nasopharyngeal carcinoma. (a–c) Non-enhanced 
CT scan shows diffuse bone cortex discontinuity in the sphenoid bone, 
occipital bone, mastoid process of bilateral temporal bones, and bilat-

eral mandible, and bone trabecula in disorderly arrangement and with 
honeycomb-like change. Soft tissue density shadows can be seen in the 
mastoid air cells of bilateral middle ears and bilateral external auditory 
canals, with irregular local bone of bilateral ossicular chains

M. Zheng et al.



163

cause changes of the signal in bone marrow cavity and 
presents as signs of highly sensitive and non-specific 
osteomyelitis: hypointense on T1WI and hyperintense on 
T2WI in the bone marrow cavity. On enhanced scan, the 
foci show marked enhancement, with a more clear 
extent. If a patient's facial nerve is invaded, the facial 
nerve enhancement is caused, but it is often difficult to 
distinguish the enhancement from the focus.

21.3.4  [Key Points of Diagnosis]

 1. Untreated HIV infection and HIV-related immunosup-
pression can significantly increase the risk of opportunis-
tic infections caused by bacteria, viruses, fungi, and 
protozoa.

 2. The chronic inflammation of the middle ear and mastoid 
cavity presents with repeated discharge of secretions 
through the perforation of the tympanic membrane or 
otorrhea.

 3. Otoscopy shows multiple perforation of tympanic mem-
brane, pus or granulation tissue in the tympanic cavity, 
and pathogens that can be directly isolated.

 4. The typical findings of CT are the mastoid cavity of mid-
dle ear filled with liquid or soft tissue foci, with no or 
little residual air space, mastoid bony wall persisting in 
honeycomb morphology, without sclerotic margin. The 
lesion may have no peripheral bone destruction in the 
early stage and may widely involve adjacent structures in 
the advanced stage, and even invade the bone of skull 
base in severe cases.

 5. On MRI, the lesion presents isointense to hypointense on 
T1WI and isointense, slightly hypointense or slightly 
hyperintense on T2WI, which are heterogeneous. The 
enhanced scan shows marked enhancement.

 6. The radiotherapy-induced otitis media are manifested as 
mucosal swelling, effusion and secondary infection in the 
early stage, and fibrotic changes in the advanced stage.

21.3.5  [Differential Diagnosis]

1. Cholesteatoma Otitis Media. It mostly occurs in 
Prussak’s space and the tympanic scutum is the first bone to 
be damaged, while the tympanic scutum in most of special 
otitis media is generally intact. Cholesteatoma otitis media 
has a low possibility of labyrinthine fistula and facioplegia. 
Cholesteatoma mostly presents with thickened mucosa of 
external auditory canal only after treatment, while thickened 
mucosa of external auditory canal in special otitis media is 
usually not responsive to broad-spectrum antimicrobial 
therapy.

2. Chronic Suppurative Otitis Media. Long-term 
chronic pyogenic inflammation in the tympanic cavity is 
often accompanied by osteosclerosis of tympanic cavity wall 
and mastoid air cells. MRI examination shows hyperintense 
typical of inflammation on T2WI. In the early stage of several 
special types of otitis media, there is no sclerotic margin in 
adjacent bony wall; a wide range of bone destruction may 
occur in the advanced stage. The lesion shows slightly hyper-
intense on T2WI.

3. Secretory Otitis Media. It is common in children with 
hypertrophy of nasopharyngeal vegetation. The obstruction 
of the auditory tube causes effusion in the tympanic cavity, 
so the peripheral wall of tympanic cavity and the ossicular 
chain generally have no bone destruction. In MRI examina-
tion, the disease shows bright hyperintense on T2WI.

21.3.6  [Status Quo and Progress of Research]

Special otitis media, including AIDS otitis media, syphilitic 
otitis media and fungal otitis media, are clinically rare. 
However, with the increasing AIDS infection rate, the inci-
dence also rises. Diagnosis and treatment require specific 
pathogens cultured in the mastoid cavity of middle ear. In 
recent years, radiotherapy has been recognized in the effi-
cacy in the treatment of nasopharyngeal carcinoma. However, 
secretory otitis media caused by radiotherapy easily lead to 
intractable otorrhea. Hence, radioactive otitis media caused 
by radiotherapy has also caused clinical attention. The patho-
genesis and manifestations of radioactive otitis media should 
be understood and positive prevention measures should be 
taken [10].
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Complications and Sequelae of Otitis 
Media

Meizhu Zheng, Jingshi Wang, and Shuang Xia

22.1  Extracranial Complications of Otitis 
Media

22.1.1  Subperiosteal Temporal Abscess

22.1.1.1  [Overview]
In the acute chronic suppurative otitis media and cholestea-
toma, pus accumulated in the mastoid cavity can flow and 
accumulate beneath the periosteum of temporal bone through 
the rupture region of lateral bone lamella of mastoid process, 
forming the subperiosteal temporal abscess. The common 
causes include acute suppurative otitis media not treated 
thoroughly, decreased systemic or local immunity, and 
chronic lesions in the nose and pharynx. It has not been 
determined whether tympanic cavity catheterization can be 
complicated with this disease. Poor pneumatization of mas-
toid process may be associated with the disease. The most 
common pathogen is staphylococcus aureus.

22.1.1.2  [Pathology Findings]
Vomica formation can be generally seen under the perios-
teum of ear temporal bone. There is pus in the vomica, and 
surrounding fibrous granulation tissue forms the abscess 
wall. Microscopically, a large number of necrotic neutrophils 
are seen in the vomica; the abscess wall is fibrous granula-
tion tissue, and the neutrophils and lymphocytes are infil-
trated inside the wall. When combined with chronic 
otomastoiditis, it is often accompanied by the infiltration of 
monocytes and macrophages. Columnar epithelial metapla-
sia is found in the middle ear sinus cavity. If recurrent bleed-
ing occurs, causing long-term inadequate drainage, 
cholesterol granuloma may be formed.

22.1.1.3  [Imaging Findings]
1. CT Examination. The findings are hypodense liquid or 
soft tissue density shadow filling the mastoid cavity of mid-
dle ear, quasi-circular or oval isodense or hypodense under 
the periosteum adjacent to the mastoid process, and exten-
sive bone absorption and destruction at the apex of mastoid 
process. The enhanced scan shows ring enhancement. The 
non-enhancement hypodense region in the central part is 
vomica.

2. MRI Examination. The mastoid antrum cavity of mid-
dle ear shows isointense or hypointense on T1WI and hyper-
intense on T2WI. When the subperiosteal temporal abscess 
forms, pus mostly presents isointense or hypointense on 
T1WI and hyperintense on T2WI, and diffusion-limited 
hyperintense on DWI sequences. The surrounding abscess 
wall shows isointense or hypointense on this imaging. On 
enhanced scan, the abscess wall shows ring enhancement 
[1]. In the comparison of MRI signals of cholesteatoma, 
granulation tissue and pus, the signals on T1WI are isoin-
tense or hypointense, and the signal intensity is in descend-
ing order as follows: granulation, cholesteatoma, pus; the 
signals on T2WI are hyperintense, and the signal intensity is 
in ascending order as follows: granulation, cholesteatoma, 
pus (See Figs. 20.5 and 20.6).

22.1.1.4  [Key Points of Diagnosis]
 1. It is secondary to otitis media, belonging to an extracra-

nial complication of otitis media.
 2. The mastoid region at the affected area behind the ear has 

redness, swelling, heat and pain and may develop sys-
temic symptoms, such as chill and fever.

 3. The mastoid bone destruction and periosteum destruction 
of adjacent temporal bone with periosteal proliferation 
and sclerosis can be seen in the CT bone window.

 4. MRI shows ring enhancement and DWI sequences show 
diffusion-limited hyperintense in the vomica.M. Zheng · S. Xia 
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22.1.1.5  [Differential Diagnosis]
 1. Acute Otomastoiditis. The disease is common in children 

with sudden onset, and significant sense of otalgia, ear 
fullness and distension, which is mostly secondary to 
infections in the upper respiratory tract and nasopharynx. 
Acute patients only have liquid density shadows in the 
mastoid cavity of middle ear without bone absorption and 
destruction.

 2. Cholesteatoma Otomastoiditis. The structure around the 
focus changes due to compression, mostly accompanied 
by bone absorption and destruction. The disease most 
typically occurs in the lateral attic space, presenting with 
blunted periosteum ridge and increased lateral attic space.

 3. First Branchial Fistula with Abscess Formation. The dis-
ease is often accompanied by skin fistula, with shallow 
location, and presents with swelling of soft tissue around 
the mastoid process of middle ear with abscess formation 
and absence of bone destruction changes in the mastoid 
process of middle ear.

22.1.1.6  [Status Quo and Progress of Research]
For acute ear infectious diseases such as acute otitis media, 
the occurrence of their complications is associated with indi-
vidual immune state, individual anatomy and other host fac-
tors, and incomplete treatment. Complications may occur by 
hematogenous dissemination and spreading along the formed 
pathways (such as vestibular window, cochlear window, 
internal auditory canal or endolymphatic duct), which are 
usually divided into extracranial and intracranial complica-
tions. Extracranial complications are classified into extra-
temporal and intratemporal complications. In this section, 
the subperiosteal temporal abscess belongs to an extratem-
poral complication. In addition, if the middle ear cholestea-
toma destroys the bone at the apex of mastoid process, and 
inflammation spreads to submaxillary space and parapharyn-
geal space along the digastric muscle, and further to the 
mediastinum along the deep cervical fascia space, it is known 
as Moure’s abscess, which is also an extratemporal compli-
cation [2].

22.1.2  Labyrinthitis

22.1.2.1  [Overview]
Labyrinthitis is an infectious disease of the internal ear laby-
rinth caused by bacteria, viruses or other pathogens. In severe 
cases, it may lead to irreversible damage to vestibular and 
auditory functions. It can be clinically divided into circum-
scribed labyrinthitis, serous labyrinthitis, suppurative laby-
rinthitis and labyrinthitis ossificans, according to the 
development course of labyrinthitis. The main causes include 
chronic suppurative otitis media, cholesteatoma secondary to 
otitis media, meningitis (bacterial, viral, fungal), trauma, 

viral infection, air pressure change, operation, congenital 
labyrinthine fistula and autoimmune factors, among which 
the more common causes are otogenic, meningiogenic, and 
traumatic. Labyrinthitis with the infection from the tympanic 
cavity is unilateral, while meningiogenic or hematogenous 
labyrinthitis is generally bilateral. The most common cause 
is the acute and chronic infectious lesion of the mastoid pro-
cess of middle ear directly invading the labyrinth. The routes 
of infection include vestibular window, cochlear window, 
promontorium tympani, and lateral semicircular canal fis-
tula. Labyrinthitis may also be caused by pyogenic meningi-
tis infecting perilymph via the subarachnoid space, which is 
mostly suppurative labyrinthitis. In children with bacterial 
meningitis, 10%~13.9% develop permanent deafness, which 
is the most common cause of acquired sensorineural deaf-
ness [3].

22.1.2.2  [Pathology Findings]
1. Circumscribed Labyrinthitis. It is only limited to local 
bony labyrinth and its endosteum. The membranous laby-
rinth itself often has no inflammation. Dizziness and other 
symptoms may occur due to inflammatory stimulation.

2. Serous Labyrinthitis. It may be regarded as the further 
development of circumscribed labyrinthitis. Inflammation 
spreads into the perilymph cavity via endosteum, resulting in 
infiltration of plasma cells (PC) and lymphocytes. The ves-
tibular and auditory functions can be restored to normal as 
the structure of the membranous labyrinth is not destroyed.

3. Suppurative Labyrinthitis. The first two types of lab-
yrinthitis can be transformed into suppurative labyrinthitis 
after aggravation and deterioration, making the endolymph 
and perilymph cavities in the whole membranous labyrinth 
filled with pus, so that irreversible destruction occurs in the 
vestibule and auditory end organ of middle ear. Its histopath-
ological process has three stages.

 (1) Acute Stage: Bacteria or other toxic substances accumu-
late in the perilymph cavity, causing an acute inflamma-
tory response, and pus enters the endolymph space after 
further progress, leading to necrosis of membranous 
labyrinth and then serous fibrin deposits.

 (2) Fibrotic Stage: There is fibrous granulation tissue in the 
perilymph space.

 (3) Ossification Stage: When new bones gradually form 
from the cochlear basal turn, the disease develops into 
labyrinthitis ossificans.

22.1.2.3  [Imaging Findings]

CT Examination
(1). Circumscribed labyrinthitis: It is caused by labyrinthine 
fistula and may be manifested as circumscribed bony laby-
rinth destruction. For the serous labyrinthitis, CT cannot 
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detect fibrosis or bleeding, and exudate deposition in the 
labyrinthine lumen, so there is no any abnormal finding on 
CT of serous labyrinthitis.

(2). Suppurative Labyrinthitis

 (1) Acute and Subacute Stages: No abnormality may be 
found on CT.

 (2) Chronic Stage: If the disease at the acute stage is not 
relieved, it gradually progresses to the chronic stage, 
resulting in labyrinthine fibrosis and ossification, and the 
whole course may span months to years. In 2 weeks after 
labyrinthine infection, fibrous substances may be depos-
ited in the perilymph cavity, without positive findings on 
CT.

 (3) Ossification Stage: At the early stage of ossification, CT 
shows thickening of osseous spiral lamina or ill-defined 
inner margin of bony labyrinth. With the progress of the 
disease, any region of the labyrinthine lumen may pres-
ent as increased homogeneous or heterogeneous bony 
density and labyrinthine lumen stenosis and even disap-
pearance due to bone deposition, which is easily 
observed in patients with chronic sensorineural deaf-
ness. Bone deposition may be either focal or diffuse dis-
tribution. Focal distribution is most common in the 
cochlear base. If the whole labyrinthine lumen is filled 
with deposited bone, CT shows homogeneous bony den-
sity at the petrous apex region, without hypodense region 
of endolymph and perilymph space [4] (Figs. 22.1 and 
22.2).

MRI Examination
(1) For the circumscribed labyrinthitis and serous labyrinthi-
tis, the disappearance of fluid signals resulting from intral-

abyrinthine hemorrhage or exudate deposition may be 
observed, presenting focal or diffuse isointense or hypoin-
tense region on T1WI and T2WI, and slight enhancement is 
shown in the labyrinth on enhanced scan. If infection involves 
the facial nerve or vestibulocochlear nerve, neuropathologi-
cal enhancement can be observed on the enhanced image.

(2) Suppurative Labyrinthitis

 (1) Acute and Subacute Stages: The only imaging finding 
on MRI may be enhancement of normal labyrinthine 
fluid region with no enhancement on enhanced scan, 
which may be caused by the destruction of labyrinth- 
blood barrier due to necrosis of capillary endothelial 
cells. Such enhancement is usually slight, which is obvi-
ously different from the focal and marked enhancement 
showed in the intralabyrinthine schwannoma. The 
enhancement of labyrinthitis may be for a long time, 
persisting until 6 months after symptom alleviation. If 
combined with facioplegia, the pathological enhance-
ment of facial nerve may occur, and labyrinthine seg-
mental enhancement is not uncommon. The nature of 
deafness can reflect the degree of cochlea involvement. 
High-frequency sensorineural deafness suggests the 
involvement of cochlear base; low-frequency hearing 
loss suggests lesion involvement in the apex.

 (2) Chronic Stage: The finding is disappearance of fluid sig-
nals from endolymph and perilymph space in the normal 
labyrinth cavity, which is easiest to be observed at the 
cochlear apex. In this period, enhanced MRI scan shows 
persistent enhancement (Fig. 22.3 a and b).

 (3) Ossification Stage: The typical finding on MRI is also 
disappearance of labyrinthine fluid signals. Based on the 
extent of labyrinthine ossification, the location of 

a b c

Fig. 22.1 Labyrinthitis. A 60-year-old female patient. with a sense of 
right ear blocking for the past 1 week with 4-day intermittent vertigo. (a 
and b) CT of temporal bone in the transverse plane shows right mastoid 
process in diploetic type, soft tissue density shadows in the tympanic 
cavity and tympanic antrum of right middle ear, peripheral bone 
destruction, and margin sclerosis. Right head of malleus and right incus 

are displayed unclearly, and the lateral semicircular canal is destroyed. 
These findings suggest cholesteatoma of right middle ear. (c) CT of 
temporal bone in the transverse plane shows strip-like dense bone depo-
sition shadow at the right cochlear basal helix, suggesting labyrinthitis 
at the ossification stage
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hypointense region on T2WI corresponds to bony com-
position in the labyrinth cavity on CT. If the labyrinth is 
fully ossified, the petrous apex region may present as 
homogeneous no-signal area, so that the labyrinth shape 
cannot be identified (Fig.  22.3c). On MRI enhanced 
images, the original bone deposition region in the bony 
labyrinth and labyrinthine lumen is non-enhancement 
hypointense region. If there is still pus accumulation or 
granuloma formation in the labyrinth, focal enhance-
ment can be noted.

3. The imaging sequence of internal ear allows slice thick-
ness to be thinner and provide more clear images. Its 
3D-reconstructed labyrinth shape can be randomly rotated 
and viewed from multiple directions, providing more three- 
dimensional and visualized information (Fig. 22.3d).

22.1.2.4  [Key Points of Diagnosis]
 1. There are often infection foci adjacent to the labyrinth, 

such as otitis media or meningitis.
 2. There are typical auditory and vestibular function impair-

ment symptoms corresponding to each stage of 
labyrinthitis.

 3. Prior to the ossification stage in the labyrinth, CT may 
show no any abnormality. Labyrinthitis ossificans pres-
ents as different degrees of high-density bone deposition 
in the labyrinthine lumen.

 4. The disappearance of fluid signals in the labyrinthine 
lumen can be observed on MRI. Fibrous matter deposi-

tion shows isointense or hypointense on T1WI and T2WI, 
while the bone deposition shows no-signal area.

 5. Intralabyrinthine bone deposition is manifested as the 
hyperdense region on CT, of which the location corre-
sponds to that of no-signal area in the labyrinth on 
MRI. The endolymph and perilymph space gradually nar-
rows and disappears.

 6. According to the differences in the distribution and extent 
of fibrosis and granulation tissue, enhanced MRI scan 
shows focal or diffuse mild to moderate enhancement, 
with fuzzy border, and the ossified areas are non- 
enhancement hypointense ones.

 7. The affected sides in patients with the unilateral disease 
are compared with healthy sides for more easy 
diagnosis.

22.1.2.5  [Differential Diagnosis]
1. Michel’s Deformity. The cochlea and vestibule are 
absent, and the outer wall of otocyst is flat. When labyrin-
thine ossification is serious and diffuse, labyrinthine “whit-
ening” may be found on CT, presenting with increase in 
homogeneous bony density in the labyrinthine area. 
Labyrinthitis is difficult to be differentiated from Michel’s 
deformity or cochlear aplasia. The key point of identifica-
tion is the diameter of otocyst. Its size is normal in patients 
with acquired labyrinthine ossification, while it is short and 
small in patients with congenital deformities. In patients 
with Michel’s deformity, the lateral margin of labyrinth is 
flat or dented inward, while the lateral semicircular canal in 

a b

Fig. 22.2 Bilateral labyrinthitis at the ossification stage. A 4-year-old 
female patient with bilateral hearing loss for the past 2 years. (a and b) 
CT scan of temporal bone shows disappearance of gas density shadows 
in the tympanic cavity, tympanic antrum and mastoid air cells of bilat-

eral middle ears, and slightly hyperdense. The right ossicular chain is 
not intact. The strip-like dense shadow can be seen in the bilateral 
cochlear basal helix, suggesting bone deposition
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patients with labyrinthine ossification protrudes outward. 
Meanwhile, in combination with medical history, patients 
with labyrinthitis are manifested as progressive hearing loss 
and loss of vestibular function [5].

2. Cochlear Otosclerosis. An audiogram shows charac-
teristic findings with perfect vestibular function. There are 
focal hypodense shadows in the bone around the cochlea, 
typically presenting as “double-ring sign.”

3. Intralabyrinthine Tumor. It mainly includes intralab-
yrinthine schwannoma. The disease mostly occurs in the 
cochlear basal turn and middle turn. On T2WI, there are 
intralabyrinthine soft tissue mass shadows with clear and 

sharp border. On enhanced scan, T1WI shows marked and 
homogeneous focal enhancement [5].

22.1.2.6  [Status Quo and Progress of Research]
For circumscribed labyrinthitis, serous labyrinthitis and sup-
purative labyrinthitis at the acute stage, CT examination is of 
value in the exclusion of potential space-occupying lesions 
causing labyrinthine infections, and otomastoiditis and 
abnormal meninges enhancement related to labyrinthitis. In 
addition, CT examination allows to observe the lateral semi-
circular canal fistula or some congenital deformities that lead 
to abnormal communication of the middle ear with the laby-

a b

c d

Fig. 22.3 Labyrinthitis at the chronic stage. A 36-year-old male patient 
with right hearing loss with unsteady walking after trauma for the past 
1 year. (a–d) Non-enhanced MR scan reveals unclear right cochlear 
helix, disappearance of fluid signal of perilymph space at the cochlear 
apex, only faintly visible basal helix, discontinuous posterior and hori-

zontal semicircular canals, and strip-like hypointense shadow. The hori-
zontal image more clearly shows incomplete posterior and horizontal 
semicircular canals, with the base only visible. These findings suggest 
right labyrinthitis at the chronic stage or ossification stage
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rinth. The disappearance of local fluid signals in the labyrin-
thine lumen, with mild enhancement on enhanced scan, can 
be observed on MRI, which suggests the deposition of serous 
cellulose and other substances. However, most cases still 
have no positive finding. When the disease progresses to the 
late suppurative labyrinthitis, i.e., ossification stage, non- 
enhanced CT or MRI scan can be used to judge the extent of 
bone deposition of middle ear in patients with labyrinthitis 
ossificans. Their combined use is of more diagnostic value. 
Enhanced MRI scan can also reveal abnormal thickening or 
enhancement of invaded labyrinth or vestibulocochlear nerve 
and focal enhancement resulting from residual pus and gran-
ulation tissue in the labyrinth of serious fibrosis or ossifica-
tion. In summary, MRI is more sensitive than CT in the 
diagnosis of labyrinthitis, which is taken as the preferred 
examination method. CT is superior to MRI in the display of 
labyrinthine bone changes, which can be used as an impor-
tant supplementary examination means. Imaging evaluation 
is of particular importance for labyrinthitis patients who plan 
to receive artificial cochlear implantation. Intralabyrinthine 
bone deposition may affect the smooth placement of artifi-
cial cochlear electrodes into the cochlear window niche. 
Particularly, when the degree of bilateral lesions is different, 
surgeon may select the side with the milder lesion for artifi-
cial cochlear implantation [3, 6].

22.1.3  Petrous Apicitis

22.1.3.1  [Overview]
Anatomically, the petrous apex of the temporal bone is 
closely related to important neural and vascular structures. 
Hence, petrous apex infection may result in severe neuro-
logical damage. Due to the extensive pneumatolysis and the 
presence of rich bone marrow, the petrous apex is vulnerable 
to infection or inflammation, which is generally associated 
with mastoiditis. Inflammation can spread to the Dorello’s 
Canal with the course of cranial nerves VI and Gasserian 
ganglion, causing triad of “petrous apex symdrome:” lateral 
rectus palsy, retro-orbital pain and otorrhea. Petrous apicitis 
should be suspected in the presence of both otorrhea and 
deep pain. Petrous apicitis has a low incidence because of the 
early application of antibiotic to early acute otitis media [7].

22.1.3.2  [Pathology Findings]
The most common pathogen of petrous apicitis is pseudomo-
nas aeruginosa. Acute petrous apicitis often develops rapidly 
in a short time as the normally pneumatized air cell system at 
the petrous apex is suddenly blocked. Pus and granulation 
tissue can be found in the mastoid air cells to the petrous 
apex. The adjacent bone destruction affects the adjacent 
meninges, causing the change of meninges thickening. The 
pathogen, necrotic tissue, and pyocyte can be seen in pus, 

and there is bone destruction in the air cell septa of petrous 
apex. Thrombophlebitis or direct infection that spreads to the 
adjacent meninges, Meckel’s cavity and cavernous sinus 
causes related cranial nerve palsy.

22.1.3.3  [Imaging findings]
1. CT Examination. The findings include disappeared air 
cells at the petrous apex or decreased air content, petrous 
apex air cells filled with soft tissue or fluid density lesions, 
destruction of air cell septa, and bone trabecula destruction 
at the petrous apex, which suggest the confluent petrous api-
citis. The extent of involvement varies. The margin is unclear 
and may be in quasi-circular shape and flaky irregular shape. 
The adjacent bony labyrinth, jugular fossa, carotid canal or 
internal auditory canal may be involved (Fig. 22.4 a and b).

2. MRI Examination. The lesion at the petrous apex 
shows isointense or hypointense (often heterogeneous) on 
T1WI, and hyperintense on T2WI, with unclear edge. When 
an abscess forms, DWI shows diffusion-limited hyperin-
tense. On enhanced scan, the scanned focus shows edge 
enhancement, with enhancement in the adjacent meninges. 
In severe cases, subdural abscesses and even intracranial 
abscesses may be combined. The Meckel’s cavity and cav-
ernous sinus at the same sideshow enhancement [8, 9] 
(Fig. 22.4 c–e).

22.1.3.4  [Key Points of Diagnosis]
1. Definition. The source of infection presents as petrous 
apex air cells with incomplete trabeculae and meninges 
involvement.

2. Image. CT shows confluent petrous apicitis, presenting 
with trabecular destruction in petrous apex air cells, and cel-
lulitis and abscesses in confluent apex air cells.

3. Gradenigo’s Syndrome. The clinical triad relating to 
petrous apicitis include otomastoiditis, cranial nerves VI 
palsy and deep facial pain.

22.1.3.5  [Differential Diagnosis]
1. Cholesterol Granuloma. It is manifested as well-defined 
expansive growth with trabecular destruction at the petrous 
apex. It shows hyperintense on T1WI and T2WI of MRI.

2. Congenital Cholesteatoma. It presents as well-defined 
expansive growth and shows hypointense on T1WI of 
MRI. There is peripheral bone destruction with osteosclero-
sis without enhancement and no meninges enhancement.

22.1.3.6  [Status Quo and Progress of Research]
The diagnosis can be confirmed by CT of the temporal bone. 
CT will show turbid and opaque mastoid air cell system and 
petrous apex, enhancement of cavernous sinus, and bone 
destruction inside the petrous apex. The gadolinium- 
enhanced high-resolution MRI of the temporal bone will 
show hypointense on T1WI and hyperintense on T2WI, as 
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well as ring enhancement. MRI findings are very important 
in the differentiation of petrous apicitis from other petrous 
apex lesions. In the era of antibiotics, the incidence of acute 
petrous apicitis has markedly decreased due to routine appli-
cation of antibiotics in the treatment of otitis media.

22.1.4  Facial Neuritis

22.1.4.1  [Overview]
Facial neuritis can be divided into two types: bacterial and 
viral facial neuritis. Bacterial facial neuritis is often accom-
panied by bacterial meningitis. Viral facial neuritis is com-
mon in Bell’s palsy and Ramsay-Hunt syndrome, more 
common in Bell’s palsy clinically, which is generally caused 

by herpes simplex virus [10]. Ramsay-Hunt syndrome is a 
rare and multiple cranial nerve inflammation caused by 
varicella- herpes zoster virus infection, which most com-
monly involves the facial nerve. Pathogenic factors include 
(1) facial nerve directly infected by viruses and bacteria; (2) 
adjacent tissue inflammation spreading to the facial nerve, 
including necrotizing external otitis, otomastoiditis, parotitis 
(Fig.  22.5), and embolic cavernous sinusitis; (3) head and 
face infected by herpes virus.

22.1.4.2  [Pathology Findings]
Pathological changes of facial neuritis include interstitial 
edema of facial nerve, inflammatory cell infiltration, neural 
degeneration (diffuse facial nerve demyelination), neuro-
tropic virions, and bleeding. The internal auditory canal fun-

a b

c d e

Fig. 22.4 Petrous apicitis. A 56-year-old female patient with left otal-
gia, trigeminal neuralgia, facial numbness and discomfort since over 1 
year. (a and b) CT non-enhanced scan shows soft tissue density shad-
ows in the mastoid air cells of left middle ear and left petrous apex air 

cell. (c–e) MRI non-enhanced scan shows isointense in the left petrous 
apex on T1WI, slightly hyperintense on T2WI, and isointense on T2 fat 
saturation sequence in the coronal plane
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dus and facial nerve canal of labyrinthine segment present 
stenosis and lack of vascular anastomosis, so they are the 
most vulnerable and most severely damaged parts [11].

22.1.4.3  [Imaging Findings]
Imaging examination is usually not performed for clinically 
typical Bell’s palsy. However, imaging examination is very 
important for patients with facial palsy lasting more than 2 
months, recurrent facial palsy, and slowly progressive facial 
palsy, so as to exclude other facial nerve diseases other than 
facial neuritis.

1. CT Examination. The findings are chronic otitis media 
with cholesteatoma or granulation and necrotizing external 
otitis. Abnormal changes in the bone wall of facial nerve 
canal can be found on CT examination. MPR images of the 
facial nerve canal are more intuitive.

2. MRI Examination. The typical manifestations of 
facial neuritis can be found in most patients when MRI 
examination is performed within 10 days after the onset of 
facioplegia. MRI non-enhanced scan images show diffuse 
thickening of facial nerve of the affected segment and 
increased signal on T2WI compared with the contralateral 
side, with enhancement on enhanced scan. Especially, the 
most vulnerable internal auditory canal fundus and facial 
nerve of labyrinthine segment should be carefully observed, 
and comparative observation is required for the two sides. 
There are abundant peripheral nervous vascular plexuses 
around the geniculate nerve fossa, tympanic cavity segment 
and mastoid segment of facial nerve. Normally, mild 
enhancement, and no thickening of facial nerve, but in bilat-
eral symmetry can be found. When otitis media generally 
affects the facial nerve, MRI non-enhanced scan shows no 

abnormalities, and enhanced MRI can show thickening and 
enhancement of affected facial nerve, more marked than the 
contralateral side [12] (Figs. 22.6 and 22.7).

22.1.4.4  [Key Points of Diagnosis]
When facial neuritis is suspected clinically but difficult to be 
diagnosed, MRI enhanced scan is helpful for definitive 
diagnosis.

22.1.4.5  [Differential Diagnosis]
Facial Nerve Schwannoma: The peripheral facial paralysis 
may be the only symptom of facial nerve schwannoma, so it 
sometimes is misdiagnosed as Bell’s palsy. When MRI 
shows circumscribed nodular thickening of the facial nerve, 
facial nerve schwannoma is highly suspected. The faciople-
gia caused by Bell’s palsy is often acute in onset, presenting 
with abnormal segmental enhancement of facial nerve in the 
temporal bone, usually with no or mild thickening of facial 
nerve and no nodular changes.

22.1.4.6  [Status Quo and Progress of Research]
Multiple MR techniques can clearly display facial neuritis. 
In terms of consistency between observers, the contrast- 
enhanced three-dimensional T1-weighted volumetric isotro-
pic turbo spin echo acquisition (CE 3D T1-VISTA) is superior 
to contrast-enhanced T1WI turbo spin echo (TSE) in respect 
of imaging. CE 3D T1-VISTA imaging can improve the 
diagnostic performance of facial neuritis. CE 3D T1-VISTA 
has the advantage of free reconstruction without additional 
scanning. Therefore, for patients with unilateral facioplegia, 
CE 3D T1-VISTA is helpful and can routinely give images 
after intravenous injection of the contrast agent [12].

a b

Fig. 22.5 Facial neuritis (1). An elderly male patient with left parotitis, (a and b) Non-enhanced MR scan shows heterogeneous thickening of 
parotid gland segment of left facial nerve and slightly increased signal, compared with the right side
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22.2  Intracranial Complications of Otitis 
Media

22.2.1  [Overview]

The intracranial complications of otitis media are arranged 
in descending order of frequency: sigmoid sinus diseases 
(including peripheral abscess of sigmoid sinus and thrombo-
phlebitis of sigmoid sinus), otogenic meningitis, brain 

abscess, extradural abscess (excluding peripheral abscess of 
sigmoid sinus), encephalitis, hydrocephalus and arachnoidi-
tis. In addition, there is an intracranial complication associ-
ated with intractable otitis media, hypertrophic cranial 
pachymeningitis (HP), also known as hypertrophic cranial 
dural vasculitis. The small-vessel vasculitis of granulation or 
effusion in the middle ear can spread to the cerebral dura 
mater via several routes and leads to secondary HP.  The 
routes of transmission are basically the same as those of 
other intracranial complications [13], specifically including 

a b

Fig. 22.6 Facial neuritis (2). A 30-year-old male patient. with sudden 
facioplegia since 1 day. (a) Enhanced MR scan shows thickening and 
mild enhancement of horizontal and vertical segments of right facial 
nerve. (b) Water imaging shows thicker medial course segment of tem-

poral bone of right facial nerve compared with the left side. Crumby 
hyperintense can be noted in the right middle ear and right mastoid 
process, suggesting inflammation

a b

Fig. 22.7 Facial neuritis (3). An elderly female patient. (a and b) Reconstructed T2WI shows thickened right facial nerve compared with the left 
side, suggesting facial neuritis
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destroyed tympanic tegmentum; temporal suture or fissure; 
internal ear including labyrinth and vestibule; being associ-
ated with cerebral dura mater in the middle ear and (or) pos-
terior cranial fossa through local circulation of venous return.

22.2.2  [Pathology Findings]

In prolonged infection, swollen inner mucosal layer and 
retained secretions will cause mechanical compression of the 
bone, and hyperemia and local acidosis. This results in active 
osteoclasts in the mastoid process, causing decalcification 
and bone resorption and progression to the stage of confluent 
mastoiditis. As inflammation progresses, osteoclasts resorb 
its peripheral bones and local complications. The bone tra-
becula of mastoid cells, middle ear and mastoid tectum, sig-
moid sinus plate, and facial nerve canal are the sites of 
frequent bone loss. The reason for bone loss in these sites is 
that the bone in these sites is thin.

Infectious lesions basically have the following routes of 
transmission [10, 14].

1. Dissemination Via Eroded Bone Wall. This is the 
most common route of transmission (this is the route of 
transmission for most cases in this book). After spreading to 
the skull, infection mostly first form the extradural abscess, 
subdural abscess or peripheral abscess of sigmoid sinus, sig-
moid sinus abscess and others, and then further invade brain 
tissues. When the tympanic cavity, tympanic antrum tegmen 
or tegmen mastoid, sigmoid sinus plate or Trautman’s trian-
gle are destroyed by cholesteatoma osteitis, the mastoid cav-
ity of middle ear communicates with the middle cranial fossa 
or posterior cranial fossa. Sigmoid sinus infection combined 
with brain abscess of the temporal lobe in patients is not 
uncommon. In the petrous pyramid inflammation, the lesion 
may penetrate the bone wall at the petrous part and commu-
nicate with the middle cranial fossa or posterior cranial fossa, 
causing the extradural abscess. When the lateral bone wall or 
medial wall of the mastoid process is penetrated, a postau-
ricular subperiosteal abscess may be formed. Some pus may 
spread to deep neck and parapharyngeal space along the ster-
nocleidomastoid and digastric muscle, forming locally an 
abscess. Infection or bacterial toxin can invade the internal 
ear via damaged bony semicircular canal or promontorium 
tympani, resulting in labyrinthitis.

2. Hematogenous Route. The small vessels in the middle 
ear mucosa, emissarium mastoideum and venules in the bone 
canaliculi communicate with vessels on the surface of 
meninges and brain tissues; hence, infection can spread into 
the skull. Method: (1) direct delivery of infectious substances 
through blood flow, causing phlebitis and thrombosis. (2) 
infecting the skull after septicemia and septicopyemia occur. 
In the infection caused in this method, the bone wall of mid-

dle ear may be intact or very solid, and intracranial infection 
has been widely developed.

3. Normal Anatomical Approach. The inflammation of 
middle ear may invade the internal ear through the vestibular 
window and cochlear window, leading to labyrinthitis. 
Suppurative labyrinthitis spreads into the skull through the 
cochlear aqueduct and vestibular aqueduct, mostly causing 
cerebellar abscess.

22.2.3  [Imaging Findings]

22.2.3.1  CT Examination
 (1) Thrombophlebitis of Sigmoid Sinus: Bone remodeling 

is found in the epitympanum and mastoid antrum. The 
sigmoid sinus plate at the affected side is not intact, with 
interrupted continuity (Fig.  22.8a). Enhanced CT scan 
shows the strip-like non-enhanced and slightly 
hypodense shadow in the sigmoid sinus.

 (2) Pyogenic Meningitis: CT non-enhanced scan at the early 
stage shows no abnormality, and the enhanced scan 
shows abnormal meningeal enhancement. The different 
degrees of brain edema may be present. The scan at the 
advanced stage shows communicating hydrocephalus, 
encephalomalacia and brain atrophy.

 (3) Brain Abscess: At the early stage, the flaky hypodense 
shadow with fuzzy margin is seen in the brain. The 
enhanced scan shows patchy or gyriform enhancement. 
After the formation of the abscess, a cystic hypodense 
focus is found. The abscess wall shows marked enhance-
ment on enhanced scan. The abscess is characterized by 
homogeneous thickness in the abscess wall. Air bubbles 
or air-fluid levels can be noted in a small part of 
vomica.

 (4) Subdural or Epidural Empyema: The crescent-shaped or 
fusiform hypodense shadow can be seen on the dorsolat-
eral surface of the brain or alongside the cerebral falx. 
The enhanced scan shows homogeneous marked 
enhancement in meninges no enhancement in pus.

22.2.3.2  MRI Examination
 (1) Thrombophlebitis of sigmoid sinus: The degree of 

enhancement at the junction of the transverse sinus and 
sigmoid sinus decreases, suggesting thrombosis 
(Fig. 22.8b and c, Fig. 22.9).

 (2) Pyogenic Meningitis: (1) At the early stage, MRI non- 
enhanced scan shows no any abnormalities. With the 
progression of the disease, T2WI and FLAIR can show a 
higher signal in purulent secretion in the cerebral sulci, 
fissure and cistern compared with the signal of normal 
cerebrospinal fluid. Enhanced scan can show marked 
enhancement of the meninges. The enhanced meninges 
may present as localized thickening and extend into the 
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sulci. The enhancement of the meninges is the most 
important diagnostic basis for pyogenic meningitis 
(Fig. 22.9d). (2) At the advanced stage, communicating 
hydrocephalus or obstructive hydrocephalus may be 
caused due to arachnoid adhesion.

 (3) Subdural or Epidural Empyema: MRI shows fusiform or 
crescent-shaped hypointense on T1WI and hyperintense 
on T2WI on the dorsolateral surface of the brain or 
alongside the cerebral falx. On T2WI, the signal of pus 
is slightly more intense than that of cerebrospinal fluid. 
The pus shows hyperintense on DWI. The abscess wall 
shows homogeneous ring enhancement on enhanced 
scan. There are different degrees of mass effect 
(Fig. 22.10).

 (4) Brain Abscess: The abscess commonly occurs in the cer-
ebellar hemispheres or temporal lobe.

 (1) The early abscess presents as acute encephalitis and 
shows hypointense on T1WI and hyperintense on T2WI 
with irregular and fuzzy margin. There is often mild to 
moderate mass effect. The early lesion shows inapparent 
enhancement on enhanced scan. With the further pro-
gression of inflammation, patchy or gyriform 
enhancement.

 (2) During abscess formation, there is ring-like isointense 
on T1WI and slightly hypointense on T2WI in the patchy 
hypointense on T1WI and hyperintense on T2WI, of 
which the center is hypointense on T1WI and hyperin-
tense on T2WI.  DWI shows hyperintense. Enhanced 
scan shows marked ring enhancement. It is characterized 
by homogeneous ring thickness (Fig. 22.10c).

 (3) Brain edema around the abscess shows hypointense on 
T1WI and hyperintense on T2WI, with different degrees 
of mass effect.

 (4) Small abscess often presents nodular or ring 
enhancement.

 (5) Hypertrophic Cranial Pachymeningitis: Enhanced MRI 
scan can be used to diagnose the hypertrophic cranial 
pachymeningitis. The gadolinium-enhanced T1- 
weighted MRI shows thickened cerebral dura mater with 
marked enhancement. Axial T2WI can be used to 
observe the inflammation of the middle ear and mastoid 
cavity [13] (Figs. 22.11 and 22.12).

22.2.4  [Key Points of Diagnosis]

 1. The symptoms and signs of acute infectious systemic poi-
soning are fever, chills, fatigue, muscular soreness, loss 
of appetite, headache, and drowsiness etc. Meningeal irri-
tation sign: positive for neck resistance, Kernig’s sign, 
and Brudzinski’s sign.

 2. It is usually accompanied by aural pyogenic infectious 
lesions. Laboratory test shows an increase in white blood 
cell count, mainly neutrophils.

 3. CT examination mostly shows bone destruction of skull 
base at the affected side. Enhanced MR examination can 
show abscess presentations and ring enhancement at rel-
evant sites, with the abscess wall in homogeneous 
thickness.

22.2.5  [Differential Diagnosis]

 1. Pyogenic meningitis primarily should be differentiated 
from meningeal metastasis, such as history of primary 
tumor at other sites; multiple, ring enhancement, and a 
large area of brain edema around the lesion.

a b c

Fig. 22.8 Thrombophlebitis of sigmoid sinus. A 63-year-old female 
patient with bilateral otitis media for the past 5 years and dizziness 
since more than 1 month. (a) CT of temporal bone shows soft tissue 
density shadows in the tympanic cavity of bilateral middle ears and 

bilateral mastoid processes, enlarged right jugular foramen, and incom-
plete bone in the posterior wall. (b and c) MRI shows slightly hypoin-
tense in the intracranial right sigmoid sinus and right jugular vein, 
suggesting thrombosis
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 2. Subdural or epidural empyema mainly should be differ-
entiated from subdural or epidural effusion and 
hematoma.

 3. Brain abscess primarily should be differentiated from 
tumor necrosis and cystic changes. The abscess wall is 
generally homogeneous in thickness. However, the wall 
is heterogeneous after cystic change of the tumor.

22.2.6  [Status Quo and Progress of Research]

The simple acute otitis media or otomastoiditis which is 
responsive to antibiotics requires imaging examination. 
When there is no perforation of tympanic membrane and tis-
sue samples required for bacterial culture cannot be obtained, 
the original empirical antibiotic treatment may be ineffec-

a b

c d

Fig. 22.9 Right chronic bone ulcer type otomastoiditis with meningi-
tis and sigmoid sinus thrombosis. A 38-year-old male patient with pus 
discharge from the right ear since more than 7 years, hearing loss since 
4 years, and recent vertigo. (a) CT of the temporal bone shows slightly 
hyperdense shadow in the tympanic cavity of right middle ear (black 
arrow) and right mastoid process, moth-eaten osteolysis in the right 

mastoid process, without expansion change, which suggest bone ulcer 
type otitis media. (b and c) MRI non-enhanced scan reveals slightly 
hypointense on T1WI and hyperintense on T2WI in the lesion within 
the right mastoid process, and shows marked enhancement on enhanced 
scan. (d) MRI enhanced scan shows linear marked enhancement in the 
meninges adjacent to the cerebellum and temporal fossa
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tive. CT non-enhanced scan can be performed for these cases 
and other low-risk patients in the emergency room so as to 
definitely exclude confluent mastoiditis. Even in low-risk 
patients, surgical treatment may also be performed for con-
fluent mastoiditis, and enhanced CT examination should 

preferably performed. Enhanced CT examination can diag-
nose not only early bone loss but also other complications, 
such as intracranial spread, venous involvement, and soft tis-
sue spread. The proper scanning time should be selected for 
enhanced CT scanning in order to detect venous and arterial 

Fig. 22.10 Left otomastoiditis, brain abscess in the left temporal lobe, 
pyogenic meningitis, subdural empyema, and subdural effusion in the 
bilateral frontoparietal lobes. A 85-year-old male patient with headache 
for the past 2 months and aggravated condition for the past 1 week. (a 
and b) The partial gyral thickening of left temporal lobe shows slightly 
hypointense on T1WI and slightly hyperintense on T2WI, and multiple 
punctate hypointense shadows on T1WI, suggesting the presence of 
gas. (c and d) The thickening of the tentorial edge shows strip-like, 

slightly hypointense on T1WI and slightly hyperintense on T2WI, and 
hyperintense on DWI. With the decreased ADC value, DWI also shows 
hyperintense in the left tempus and cerebral falx. (e and f) The focus of 
the left temporal lobe presents ring enhancement, and the left tempus, 
left tentorium of cerebellum, and cerebral dura mater are thickened and 
show marked enhancement. The partial cerebral pia mater in the left 
parietal lobe, temporal lobe and occipital lobe shows marked 
enhancement

a b

c d
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complications. Due to the low sensitivity of MRI to bone 
loss, MRI examination should not be applied in the initial 
classification of diseases. Other indications include etiologi-
cal and pathological diagnosis (e.g., nasopharyngeal mass) 
and other complications (e.g., labyrinthitis and facial nerve 
involvement), as well as evaluation of antibiotic test 
responses. MR imaging should include MR venography and 
MR angiography. In addition, for potential intracranial and 
extracranial abscesses, the additional diffusion weighted 
imaging may be performed to diagnose. The fat-suppression 
enhanced T1WI imaging or non-enhanced/enhanced stan-
dard T1WI imaging scanning can also be used [13, 15].

22.3  Sequelae of Otitis Media

22.3.1  Atelectatic/Adhesive Otitis Media

22.3.1.1  [Overview]
Adhesive otitis media, also known as atelectatic otitis media, 
refers to fibrosis and adhesion between the acoustic struc-
tures of the middle ear and between the structures and the 
tympanic wall due to various reasons, which results in the 
systemic dyskinesia of acoustic structure system of middle 
ear, leading to conductive deafness. Adhesion is mostly 
located in the posterior mesotympanum, with thickened tym-
panic membrane and adhesion with promontorium tympani. 
The ossicles may form individual or complete adhesion 
around the vestibular window. The stapes and long crus of 

incus are embedded in the vestibular window by fibrous tis-
sue. The vestibular window may be partially or completely 
closed. Histologically, the mucosal subepithelium is solid 
fibrous tissue that contains calcification or new bone forma-
tion, and the sclerosis is much less than tympanosclerosis. It 
is difficult to distinguish the two pathologies. The ossicles 
may also be partially resorbed, with interrupted ossicular 
chain. Adhesive otitis media is the proliferation of fibrous 
tissue or scar formation in the middle ear, as a result of past 
inflammation of the middle ear, which usually occurs in 
childhood. The main clinical symptoms are hearing loss, 
mostly conductive and rarely mixed, and total deafness. The 
main cause of internal ear damage is the inflammatory toxin 
of the middle ear entering the internal ear through the 
cochlear window. Patients often develop tinnitus and vertigo, 
and the latter symptom may be associated with auditory tube 
stenosis or obstruction [2].

22.3.1.2  [Pathology Findings]
The exudative phase is mainly characterized by the inflam-
matory cell infiltration and inflammatory exudates, mucosal 
epithelial hyperplasia, subepithelial interstitial congestion, 
edema, exudates accumulated in the tympanic cavity and 
mastoid air cells, cochlear window and vestibular window 
niche, ossicles surrounded by exudates, tensor tympani mus-
cle hyperemia, inflammatory cell infiltration, and thickened 
and swollen tympanic membrane. The inflammatory granu-
lation tissue phase is mainly characterized by inflammatory 
granulation tissue hyperplasia, abundant new blood vessels, 

e f

Fig. 22.10 (continued)
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enormous inflammatory granulation tissue in the tympanic 
cavity and near the ossicles, and mastoid air cells filled with 
inflammatory granulation tissue. The histocytic response 
phase is mainly characterized by tissue effusion in the mid-
dle ear mucosa and under the mucosa, mainly containing 
abundant foam cell proliferation, and the foam cells may 
occur in the fibrous connective tissue around the ossicles and 
the mastoid air cells or tympanic cavity. The collagen fibro-
plasia phase is mainly characterized by tympanic fibrosis 
and adhesion, mastoid air cells filled with fibrous connective 
tissue, especially fibroblast proliferation, with inflammatory 
cell infiltration, the tympanic cavity separated by the fibrous 

connective tissue adhesion band to form cystic cavities in 
different sizes, otopiesis, adhesion with the promontorium 
tympani, cochlear window and vestibular window partially 
or completely filled with fibrous connective tissue [16].

22.3.1.3  [Imaging Findings]
CT of the temporal bone may show non-specific poor pneu-
matization of mastoid air cells, flaky increased density shad-
ows in the mastoid air cells, mastoid antrum and tympanic 
cavity, ossicles surrounded by slightly hyperdense fibrous 
granulation tissue, and retraction or collapse of tympanic 
membrane, which is often caused by negative pressure in the 

a b

c d

Fig. 22.11 Hypertrophic cranial pachymeningitis (1). A 40-year-old 
male patient with right temporal headache, low fever since 2 weeks, and 
otitis media surgery 3 months ago. (a and b). Preoperative TSCT of the 
temporal bone shows sclerosis in the mastoid process of the right tem-
poral bone, soft tissue density shadows in the tympanic cavity and tym-
panic antrum of right middle ear, incomplete bone in the roof of right 

tympanic cavity, lateral semicircular canal invaded, and intact right 
ossicular chain. (c and d) Postoperative CT of the temporal bone shows 
incomplete bony structure in the mastoid portion of right temporal 
bone, and incomplete structure of the right ossicular chain. The roof of 
right tympanic cavity is more significantly destroyed
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tympanic cavity due to auditory tube dysfunction. Atelectatic 
otitis media is usually accompanied by middle ear effusion. 
The atelectasis may be localized or extensive. Due to differ-
ent degrees of atelectasis, localized atelectasis of the tym-
panic membrane may be associated with or without the 
formation of retraction pocket. CT findings are tympanic 
fibrosis and adhesion, mastoid air cells filled with slightly 
hyperdense fibrous connective tissue, the tympanic cavity 
separated by the fibrous connective tissue adhesion band to 
form cystic cavities in different sizes, and otopiesis. In the 
cases of severe atelectatic otitis media, there generally is a 
retraction pocket in the tympanic membrane; the retracted 
sites may be partes tensa, pars flaccida or both. If the retrac-
tion pocket persists, hearing loss and ossicular chain dis-
ruption will be caused. The otopiesis can be classified as 
mild retraction. The retraction has adhesion with the ossi-
cles, tympanic cavity, and promontorium tympani. The 

cochlear window and vestibular window are partially or 
completely filled with soft tissue density and have adhesion 
with the tympanic antrum, finally accompanied by keratin-
ized substance aggregation, causing cholesteatoma 
(Fig. 22.13).

22.3.1.4  [Key Points of Diagnosis]
 1. The main clinical symptom is hearing loss, presenting as 

conductive deafness, mostly accompanied by tinnitus.
 2. Endoscopy shows completeness, turbidity, retraction, cal-

cific plaque, thickening or atrophy of the tympanic 
 membrane. The tympanic membrane has irregular adhe-
sion with the promontorium tympani, with poor mobility. 
When the tympanic membrane becomes thin due to atro-
phy, presenting pocket-shaped retraction, intratympanic 
structure can be clearly seen, which is easily misdiag-
nosed as perforation of tympanic membrane.

a b c

d e f

Fig. 22.12 Hypertrophic cranial pachymeningitis (2). (a and b) Non- 
enhanced scan on the above patient shows thickened cerebral dura 
mater in the right temporal part, presenting isointense on T1WI and 
hyperintense on T2WI. The right temporal lobe shows flaky hypoin-

tense on T1WI and hyperintense on T2WI, with unclear edge. These 
findings suggest brain edema. (c–f) Enhanced examination shows 
marked enhancement in the right temporal part and cerebral dura mater 
at right cerebellar tentorial edge
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 3. The auditory tube dysfunction is common, and the acous-
tic impedance test showing type B pressure curve of the 
tympanic cavity, and the disappearance of stapedius 
reflex.

 4. CT of the temporal bone shows poor pneumatization of 
the mastoid process.

22.3.1.5  [Differential Diagnosis]
1. Tympanosclerosis. The disease and adhesive otitis media 
are the inactive and inreversible lesions caused by protracted 
otitis media. Tympanosclerosis is mainly characterized by 
hyaline degeneration and calcification, and even ossification. 
After the calcification and ossification occur in tympanoscle-
rotic plaques, HRCT can be used for definitive diagnosis. 
The substance deposits of hyaline degeneration in tympano-
sclerosis most commonly occur around the tympanic mem-
brane, mucosa of promontorium tympani and attic, and often 
surround and fix the ossicular chain. CT shows punctate or 

linear hyperdense shadow in the tympanic membrane 
(Fig. 22.14).

2. Otosclerosis can be divided into cochlear and vestibu-
lar window types. Otosclerosis of vestibular window is typi-
cally manifested as abnormal bony density shadow 
circumscribed to the anterior side of vestibular window, 
accompanied by stapes footplate thickening and normal tym-
panic membrane. Sclerotic plaques generally do not occur 
within the tympanic membrane and (or) tympanic cavity. 
The mastoid process is mostly pneumatic. Cochlear otoscle-
rosis is characterized by focal hypodense shadows in the 
bone around the cochlea, typically presenting as “double- 
ring sign.”

22.3.1.6  [Status Quo and Progress of Research]
Adhesive otitis media usually develops from secretory otitis 
media, with long-term hearing loss as the main symptom. It 
is the structural adhesion of the tympanic membrane to tym-

a b

c d

Fig. 22.13 Adhesive otitis media. (a) CT of the temporal bone shows 
a roughly parallel relationship between the normal manubrium mallei 
and long crus of incus (arrow). (b and c) CT of the temporal bone in a 
patient with adhesive otitis media shows manubrium mallei obviously 

close to the long crus of incus (arrow). (d) On CT of the temporal bone 
in another patient, a adhesion band is attached to the posterior crus of 
stapes (arrow), while the normal stapedial muscle is articulated with the 
neck of stapes, thus differentiating the two
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panic cavity caused by auditory tube dysfunction after long- 
term treatment or without systemic treatment. In severe 
cases, the tympanic membrane fuses with mucosa of prom-
ontorium tympani and epithelizes. Imaging examination, 
especially high-resolution CT can show reduce and disap-
pearance of tympanic space and possible increased-density 
shadow in the tympanic cavity of mastoid process.

22.3.2  Tympanosclerosis

22.3.2.1  [Overview]
Tympanosclerosis is a pathophysiological change of the 
mucosa of tympanic cavity in the middle ear under the stimu-
lation of inflammation and others. Its main causes are infec-
tion and mechanical injury. Tympanosclerosis is a 
degenerative change of connective tissue of mucosal lamina 
propria in the middle ear caused by long-term chronic inflam-
mation. In this disease, massive calcium deposits in inflam-
matory repair tissue, forming visible hard plaques. In the 
stable period of inflammation, the process of calcification 
still remains progressive, often resulting in progressive and 
irreversible conductive hearing loss in patients, which is one 
of important causes of conductive deafness. Guidelines for 
Clinical Classification and Surgery Typing of Otitis Media 
(2012) definitively classifies tympanosclerosis as a sequela 
of otitis media [17].

22.3.2.2  [Pathology Findings]
Under light microscope, the disease is mainly manifested as 
hyalinization and calcium-phosphorus deposits. Under elec-
tron microscope, it is manifested as calcium phosphate com-
pound and its surrounding collagenous fiber. The tympanic 
membrane and ossicular chain are the most main predilec-

tion sites of the disease. The promontorium tympani and attic 
are also possible primary sites. Most of tympanosclerosis 
cases result from recurrent attacks of long-term chronic non- 
specific or specific inflammation (including suppurative and 
non-suppurative inflammation) or acute infection of mucosa 
Generally, in the acute inflammation phase, edema and 
inflammatory cell infiltration can be noted in the fibrous 
layer of tympanic membrane and the mucosal lamina propria 
of middle ear. After long-term or recurrent infections, fibro-
blast proliferation is found, with lamina propria of mucosa as 
collagen connective tissue Subsequently, cell components 
and capillaries gradually disappear, and these tissues pro-
duce hyaline degeneration, forming homogeneous white 
squamous substances, which are known as tympanosclerotic 
plaques. The tympanosclerosis lesion may cause sclerosis of 
vestibular window and annular ligament and ossification of 
ossicular ligaments and stapes tendon. Such plaques may 
spread to the promontorium tympani and tympanic antrum 
and surround the lenticular process of stapes and incus. In 
cases of extensive involvement, the cochlear window and 
auditory tube may be involved, so that the normal structure 
of middle ear disappears. In typical cases, the sclerosis focus 
surrounding the stapes is usually formed by layer-by-layer 
fusion of many squamous plaques. The lesion not only fixes 
the acoustic structure, but also interferes with the blood sup-
ply of the ossicles, resulting in the ossicular chain interrup-
tion and different degrees of conductive deafness.

22.3.2.3  [Imaging Findings]
The most specific CT finding of tympanosclerosis is hyper-
dense calcification or ossification in the tympanic cavity and 
tympanic antrum and/or calcific plaques in the tympanic 
membrane. Hyperdense shadows may be punctate, strip-like, 
patchy, and grid-like, which may exist alone or in combina-

a b

Fig. 22.14 Tympanosclerosis (1). A and B represent different patients 
respectively. (a) CT of the temporal bone in the patients with sclerotic 
otitis media shows calcification of the tympanic membrane (arrow), and 

partial bone erosion in the long crus of stapes (white triangle). (b) CT 
of the temporal bone in the patient with adhesive otitis media shows 
stapes embedded in the tissue adhesive mass
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tion with soft tissue shadows. Non-specific CT findings are 
soft tissue shadows in the tympanic cavity and tympanic 
antrum, rough and interrupted ossicular chain, hyperdense 
shadows in the mastoid air cells, mastoid antrum and tym-
panic cavity, and fuzzy ossicles due to the surrounding ossi-
fication lesion. HRCT can not only clearly show small 
structures and lesions in the ear, and shape and extent of scle-
rotic plaques, but well analyze different components in the 
tympanic sclerotic plaques based on different densities. 
HRCT can also show distinguishably soft tissue shadow and 
calcification and ossification shadows in the sclerotic 
plaques, and clearly display the relationship of sclerotic 
plaques and the ossicular chain, and anatomic landmarks and 
relatively hidden space in the tympanic cavity, such as the 
involvement of tympanic membrane, vestibular window, 
cochlear window, promontorium tympani, cochlear window 
niche, facial nerve recess, tympanic antrum and other sites 
[18, 19].

CT shows slightly hyperdense shadows in the middle ear, 
attic and tympanic membrane. Pathologically, the main find-
ings include hyaline degeneration and calcified fibrous gran-
ulation tissue deposition (Fig. 22.15). The substance deposits 
of hyaline degeneration in tympanosclerosis most commonly 
occur around the tympanic membrane, mucosa of promonto-
rium tympani and attic, and often surround and fix the ossic-
ular chain (Fig.  22.16), which may appear as punctate or 
linear hyperdense shadow in the tympanic membrane, or 
flaky shadow corresponding to the shape of promontorium 
tympani (Fig. 22.17). The tympanosclerosis of attic presents 
as large block-shaped calcified shadow surrounding the 

ossicular chain, with the morphology of normal ossicular 
chain disappearing; a single plaque in the anterosuperior side 
of attic can fix the head of malleus in the tegmen tympani 
(Fig. 22.18).

22.3.2.4  [Key Points of Diagnosis]
 1. Clinical manifestations, history of long-term chronic oti-

tis media and conductive deafness.
 2. Otoscopy may show thickened tympanic membrane with 

or without tympanosclerotic plaques.
 3. The degree of conductive deafness is not proportional to 

that of chronic inflammatory lesions.
 4. Imaging findings. The most specific CT findings of tym-

panosclerosis are hyperdense calcification and ossifica-
tion in the tympanic cavity and tympanic antrum, and/or 
calcific plaques in the tympanic membrane. Hyperdense 
shadows may be punctate, strip-like, patchy and grid-like, 
which may exist alone or in combination with soft tissue 
shadows.

22.3.2.5  [Differential Diagnosis]
1. Otosclerosis can be divided into cochlear and vestibular 
window types. HRCT findings of osclerosis of vestibular 
window are similar to the site and findings of tympanoscle-
rosis. HRCT shows thickened stapes footplate, vestibular 
window filled with bone structure shadows, causing vestibu-
lar window stenosis or in closed form. The tympanic mem-
brane is normal, and sclerotic plaques generally do not occur 
in the tympanic membrane and/or tympanic cavity. The mas-
toid process is mostly pneumatic. Otosclerosis of vestibular 
window is typically manifested as abnormal bony density 
shadow circumscribed to the anterior side of vestibular win-
dow, which usually occur bilaterally and is mostly found in 
females. Diffuse calcification of vestibular window more 
likely suggests tympanosclerosis.

2. Adhesive otitis media and tympanosclerosis are per-
manent, inactive and irreversible lesions caused by pro-
tracted otitis media. The lesion which mainly presents as 
organization and adhesion is called adhesive otitis media. 
The lesion which is mainly characterized by hyaline degen-
eration and calcification and even ossification is called tym-
panosclerosis. Their clinical symptoms and manifestations 
and medical history are very similar. After calcification or 
ossification occurs in sclerotic plaques, HRCT can be used 
for definitive diagnosis. Before the occurrence of calcifica-
tion or ossification, it is difficult to distinguish the two dis-
eases on HRCT as their findings are normal, thickened or 
retracted tympanic membrane. The soft tissue density 
shadow is found in the tympanic cavity and the bony wall 
and ossicular chain are connected (Figs. 22.13 and 22.14). 
The differential method is proved mainly by pathology or 
surgery.

Fig. 22.15 Tympanosclerosis (2). Tympanosclerosis of right middle 
ear. Otoscopic findings: There is a large perforation in the tympanic 
membrane (arrow), with a direct view of white spherical deposits 
formed by tympanosclerosis
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3. Chronic Otitis Media is the most common cause of 
tympanosclerosis. The tympanic cavity, mastoid antrum and 
mastoid air cells are filled with soft tissue density shadows, 
and air in the mastoid air cells decreases or disappears. Bone 
destruction may occur in the mastoid process and tympanic 
cavity wall, but there will be no calcification, which presents 
as thickened or retracted tympanic membrane. The tympanic 

cavity and/or mastoid antrum and mastoid air cells are filled 
with soft tissue density shadows, and air in the mastoid air 
cells decreases or disappears. Effusion sign may occur in the 
tympanic cavity and mastoid process, and the ossicles are 
destroyed and even disappeared. In a small number of 
patients, bone destruction may be found in the mastoid pro-
cess and tympanic cavity, but there will be no calcification.

a b

c d

Fig. 22.16 Chronic tympanosclerotic otitis media. (a and b) CT of the 
temporal bone shows left middle ear cavity minified because of contrac-
tion of the tympanic membrane (arrow). Osteosclerosis is found around 
the attic and fixes the ossicular chain; the thickening of mastoid cell 

septa is seen. (c and d) CT of the temporal bone in another patient 
shows soft tissue shadow in the left middle ear surrounding the ossicles, 
causing malleus, incus and stapes out of normal arrangement
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22.3.2.6  [Status Quo and Progress of Research]
The history of long-term chronic otitis media and CT find-
ings (that are multiple hyperdense calcification focus in the 
mastoid cavity of middle ear (including tympanic mem-
brane), with increased density shadows in the mastoid pro-
cess of middle ear) may suggest the diagnosis of 
tympanosclerosis, but the sensitivity is very low. There are 
some limitations in simple temporal bone CT examination. 
Therefore, some scholars have proposed that CT of the tem-
poral bone combined with pure tone audiometry can signifi-
cantly improve accuracy in the diagnosis of tympanosclerosis 
[20, 21].

22.3.3  Cholesterol Granuloma of Middle Ear

22.3.3.1  [Overview]
Cholesterol granuloma is a granuloma containing cholesterol 
crystals and multinucleated giant cells. Cholesterol granu-
loma occurring in the tympanic antrum, mastoid process or 
tympanic cavity is called cholesterol granuloma of middle 
ear. Cholesterol granuloma is a non-specific lesion and a for-
eign body reaction of tissue to cholesterol crystals. If bleed-
ing of middle ear, plasma exudation, tissue edema and tissue 
necrosis occur due to various causes, resulting in erythrocyte 
rupture and decomposition and fat degeneration, cholesterol 
may be released. As cholesterol continues to increase and 
reach saturation, cholesterol crystals are formed and depos-
ited in tissue. With the long-term stimulation of cholesterol 
crystals, the peripheral tissues generate granulation tissue, 
which gradually enlarges and forms cholesterol granuloma. 
The etiology usually consists of three factors: obstruction of 
ventilation in the air space, drainage disorder and hemor-
rhage in the air space. Hemorrhage is considered as an 
important link in the formation process of cholesterol granu-
loma. Secretory otitis media and chronic otitis media are 
related to the formation of cholesterol granuloma. This dis-
ease is commonly found in the young and middle-aged popu-
lation, and both male and female have an equal incidence. It 
is usually unilateral. The common clinical manifestations are 
a sense of ear fullness and distension or occlusion, ear bleed-
ing due to unknown causes, or presentations of chronic sup-
purative otitis media. Except for cholesterol granuloma in 
chronic suppurative otitis media, this disease is generally a 
non-destructive lesion. However, some cases with the 

Fig. 22.17 Tympanosclerosis (3). CT in the left coronal plane shows 
thickened tympanic membrane, presenting plaque-shaped hyperdense 
shadow, and good pneumatization of middle ear and mastoid process

a b

Fig. 22.18 Chronic otitis media caused tympanosclerosis. (a and b) CT non-enhanced scan shows sclerotic plaques in the anterosuperior side of 
tympanic cavity fixing the ossicular chain in the tegmen tympani wall, and the lateral wall blurred due to retractive sac shadow
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 complications of peripheral facioplegia, ossicular chain 
destruction, epidural cyst, sigmoid sinus plate destruction 
and cerebrospinal fluid otorrhea have been reported [11, 22].

22.3.3.2  [Pathology Findings]
Cholesterol granuloma is a type of granulation tissue con-
taining abundant blood vessels. There are many clefts formed 
by the dissolution of cholesterol crystals, which are often 
rhomboid-shaped and arranged in concentricity. These clefts 
are surrounded by the infiltration multinucleated giant cells 
and macrophage, occasionally bleeding or hemosiderin 
deposition. In addition, a large number of lymphocytes, 
plasma cells and fibrin can be found in granuloma. Unlike 
cholesteatoma, in this disease, there is no stroma between 
granuloma and surrounding bones, and squamous metaplasia 
generally does not occur in the mucosa.

In gross findings, the granuloma is mostly dark red with 
varying shapes and soft texture, which is tougher than edem-
atous granuloma. In addition to granulation tissue, coffee- 
colored fluid in different amounts is accumulated in the 
tympanic cavity and/or mastoid air cells, where tiny dotted 
cholesterol crystals can be noted.

22.3.3.3  [Imaging Findings]
1. CT Examination. On CT, the typical manifestations of 
cholesterol granuloma of the temporal bone appear as well- 
defined soft tissue density foci with smooth margin, mostly 
in round or quasi-circular shape, with peripheral expansile 
bone destruction; when bone destruction is mild, it may be 
accompanied by tympanic and mastoidal effusion.

 (1) Cholesterol granuloma of middle ear appears as mass of 
expansile growth with smooth margin in the middle ear 
and/or mastoid cavity. CT findings of smaller choles-
terol granuloma are an increased-density shadow in the 
tympanic cavity of middle ear, without bone remodeling 
or ossicle disappearance. CT findings of larger choles-
terol granuloma are a lesion of expansile growth in the 
middle and/or mastoid cavity, with peripheral bone 
retraction and ossicle disappearance.

 (2) Cholesterol granuloma of petrous apex appears as a well-
circumscribed expansile lesion with smooth margin and 
the center located at the petrous apex, a soft tissue mass 
with smooth margin, with bone trabecula destruction and 
cortex thinning and defect. If the lesion is large, it may 
spread to the adjacent region, and involve inwards the cli-
vus, backwards the meninges, prepontine cistern, and cer-
ebellopontine angle cistern, and outwards the internal ear.

2. MRI Examination

 (1) MRI signals of mature cholesterol granuloma are highly 
characteristic Compared with the gray matter, the lesion 

shows hyperintense on T1WI, with peripheral hypoin-
tense ring; it shows slightly hyperintense on T2WI. MRI 
shows no enhancement or slightly mild enhancement on 
enhanced scan.

 (2) The characteristics of MRI signals of immature choles-
terol granuloma depend on the proportion of chronic 
bleeding products, cholesterol crystals and protein 
component. The granuloma may present various signal 
characteristics on T1WI and T2WI. Therefore, it is dif-
ficult to differentiate the granuloma from cholestea-
toma and bursa mucosa. The clinically definitive 
diagnosis should be made based on pathological 
diagnosis.

 (3) Cholesterol granuloma in the petrous apex may invade 
the horizontal segment of internal carotid canal. MRI 
angiography is suggestive.

22.3.3.4  [Key Points of Diagnosis]
 1. Clinical manifestations are related to the location of the 

lesion. Cholesterol granuloma in the middle ear, like 
chronic suppurative otitis media, is manifested as inter-
mittent “soy sauce-colored” secretions from the ear, with 
a sense of ear fullness and distension, hearing loss and 
tinnitus.

 2. The focus is mostly round or quasi-circular, with periph-
eral expansile bone destruction and tympanic and mastoi-
dal effusion.

 3. MRI signals of mature cholesterol granuloma are charac-
teristic. The lesion shows hyperintense on T1WI and 
T2WI and no enhancement on enhanced scan.

22.3.3.5  [Differential Diagnosis]
 1. Differential Diagnosis of Cholesterol Granuloma of 

Middle Ear
 (1) Chronic Otitis Media with Hemorrhage: increased- 

density shadows fully filling the mastoid cavity of mid-
dle ear, without expansile bone change.

 (2) Hemotympanum After Trauma: a definite history of 
trauma, with bone fracture.

 (3) Glomus Tympanicum Tumor: The tumor is mostly 
located on the surface of promontorium tympani. It 
shows hypointense to isointense on T1WI and hyperin-
tense on T2WI and marked enhancement on enhanced 
scan.

 2. Differential Diagnosis of Cholesterol Granuloma of 
Petrous Apex

 (1) Primary cholesteatoma of petrous apex: isointense of 
hypointense on T1WI; hyperintense on DWI (Fig. 22.19).

 (2) Petrous apex retained fluid (effusion): non-expansile 
change, intact cortex and trabecula; hypointense to 
isointense on T1WI.

 (3) Petrous apicitis: Diffuse destructive change of bone cor-
tex and bone trabecula; hypointense on T1WI.

M. Zheng et al.



187

22.3.3.6  [Status Quo and Progress of Research]
The clinical manifestations of cholesterol granuloma are 
associated with the location of the lesion. CT can clearly 
show the soft tissue lesion with smooth margin, with periph-
eral expansile bone destruction space. On MRI, cholesterol 

granuloma shows hyperintense on T1WI and T2WI and no 
enhancement on enhanced scan. CT suggests the site, size 
and extent of the tumor, and corresponding peripheral bone 
changes. The characteristics of characteristic signals of MRI 
are of diagnostic value [22, 23].

a b c

d e f

g h i

Fig. 22.19 Left petrous apex cholesteatoma. A 29-year-old male 
patient with acute onset and 1-week hospitalization mainly due to left 
facioplegia. Past medical history: Postoperative changes of left otitis 
media type C graph of left tympanic cavity. Postoperative pathology: 
left petrous apex cholesteatoma. (a and b) CT in the coronal plane 
shows soft tissue density shadows in the left mastoid process, residual 
cavity of left middle ear and petrous apex of temporal bone, and bone 
with irregular morphology in the left cochlea, vestibule, ossicular chain, 
facial nerve canal, carotid canal and petrous part of temporal bone. 

(c–e) MRI non-enhanced scan reveals the left petrous apex lesion, pre-
senting slightly hypointense on T1WI and hyperintense on T2WI, with 
smooth margin. (f) DWI shows slightly hyperintense or isointense. (g) 
ADC value decreases. (h and i) Enhanced MRI scan shows mild 
enhancement in the margin of petrous apex lesion, and hyperintense on 
T2WI in the residual cavity and mastoid air cells of left middle ear, with 
no enhancement on enhanced scan. This case of congenital cholestea-
toma of petrous apex is easily confused with the cholesterol granuloma 
of petrous apex

22 Complications and Sequelae of Otitis Media
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Nose and Paranasal Sinus Diseases

Shuang Xia, Ting Liang, and Fuxing Li

23.1  Rhinosinusitis

23.1.1  Purulent Rhinosinusitis

23.1.1.1  Overview
Purulent rhinosinusitis is a frequently-occurring disease of 
the nose that often occurs bilaterally. It is common in para-
nasal sinuses. Most infections stem from the nasal cavity, 
while a few infections stem from the hypopharynx or tooth 
root. The infection may also be secondary to physicochem-
ical stimuli, such as the traumatic fracture of paranasal 
sinus, infection of upper respiratory tract, allergic inflam-
mation, and foreign matters or waste water into the parana-
sal sinus. Others (systemic chronic diseases, malnutrition, 
low immunity caused by old age and infirmity) can affect 
the occurrence and development of rhinosinusitis. More 
severe rhinosinusitis occurs in immunosuppression result-
ing from diabetes, medicine, drugs, and systemic diseases. 
The mucosae of the nasal cavity and paranasal sinuses are 
connected and close to the opening of each paranasal sinus 
cavity, so inflammation affects each other. The sinus ostia 
are narrow and swollen mucosa tends to block the open-
ings, causing ventilatory and drainage disorders. The max-
illary sinus and ethmoidal sinus develop early and the 
paranasal sinus mucosa easily develops edema, so infec-
tions mostly occur in childhood. The maxillary sinus has 
the maximum volume and the sinus ostium is higher than 
other openings, with unsmooth effusion drainage, so the 
incidence is highest. The air cells of ethmoidal sinus are 
small with poor drainage, so it is vulnerable to infection. 

The frontal sinus is close to the ethmoidal sinus which has 
a smaller infection chance. The sphenoid sinus is located 
deeply and has the smallest infection chance. The anatomic 
variations of nasal septum deviation, hypertrophy of nasal 
turbinates, and ostiomeatal complex form the basis of the 
regional anatomy of infections.

Rhinosinusitis is mostly a mixed infection, of which 
pathogens include staphylococcus, hemolytic streptococcus, 
streptococcus pneumoniae, and some anaerobes. The disease 
is clinically characterized by short course, acute onset, 
increased nasal secretions with nasal obstruction, and facial 
pain. Dysosmia may also occur. At the acute stage, it may be 
complicated with systemic infection symptoms. Pain or 
headache distribution helps to localize the lesion: The head-
ache of frontal sinusitis radiates to the forehead part, with 
tenderness in the supraorbital margin. The pain of maxillary 
sinusitis is located in the cheeks and alveolar part. The pain 
of ethmoidal sinusitis occurs in the posterior part of nasion 
and inner canthus, with periodic attack. The anterior eth-
moidal sinus usually has pain in nasion and forehead part, 
while the posterior ethmoidal sinus has pain in the posterior 
side of the eyeball, temporo-occipital part, and parietal part. 
Sphenoiditis is usually not characteristic, similar to the pos-
terior ethmoidal sinus, and has occipital or retrobulbar pain. 
When the sinus ostium is completely blocked and the puru-
lent secretions retain, pain is more severe. The progression 
leads to bone wall destruction and dissolution, causing intra-
orbital or intracranial complications. Chronic inflammation 
may be caused by allergic factors or may be due to prolong-
ing of uncured acute inflammation, with recurrent attack. 
The clinical manifestations of the lesion may be acute or 
chronic.

23.1.1.2  Pathology Findings
In the acute stage, catarrhal inflammation occurs; there are 
mucosal vasodilatation, mucosal congestion and edema, and 
mucosal swelling which blocks the sinus ostium; there is the 
infiltration of lymphocytes and multinucleated giant cells 
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inside, with enlarged gland and increased and retained serous 
secretions. Several days later, it develops into the purulent 
stage, in which there is neutrophil infiltration and ciliated 
epithelial necrosis and exfoliation, and secretions become 
mucous and purulent. The bone of the sinus cavity is usually 
normal, and a small part of periosteum has congestion and 
edema, with bone demineralization and resorption. 
Osteomyelitis is formed, causing bone destruction and even 
intraorbital and intracranial inflammation. In the chronic 
stage, there is mucosal fibrous hyperplasia and hypertrophy, 
granulation tissue proliferation, and interstitial edema, pre-
senting polypoid hypertrophy. There are submucosal cysts 
and mucous glandular retention cysts. The inflammatory 
reaction of periosteum causes bone cortex rarefaction and 
resorption. In the long-term course of the disease, mucosal 
degenerative atrophy, squamous metaplasia of mucosal 
columnar epithelium, and submucosal fibrosis occur. Long- 
term chronic inflammation stimulation causes thickening 
and sclerosis of periosteum and bone in sinus wall.

23.1.1.3  Imaging Findings

X-Ray Examination
 1. Acute purulent rhinosinusitis: It mostly occurs in bilateral 

maxillary sinuses or bilateral multiple sinus cavities. The 
turbinates are swollen; the paranasal sinus mucosa is 
thickened parallel to the sinus wall, presenting homoge-
neous annular or wavy soft tissue shadow. With acute 
progression, the sinus cavity has evenly reduced transmit-
tance and becomes turbid, in which extensive cloudy den-
sity increases. Sitting projection shows air-fluid level. 
The lamina papyracea of ethmoid bone and the bony wall 
of maxillary sinus are generally continuous and intact, 
with clear bone white line. A small number of bones are 
resorbed and become thin, and the periosteum line is 
blurred [1].

 2. Chronic purulent rhinosinusitis: The disease may be uni-
lateral or bilateral, single or multiple, or mainly occur on 
one side. On the images of the chronic stage, there are 
various findings. The sinus cavity mucosa presents homo-
geneously annular or heterogeneously wavy polypoid 
hypertrophy, which may be circumscribed or diffused to 
the whole sinus cavity or the whole group of paranasal 
sinuses; the bone resorption and decreased density of 
sinus wall are found. In the advanced stage, granulation 
tissue proliferation is found; When it is associated with 
mucosal cysts or polypoid changes, a semicircular or 
irregular spherical mass protrudes into the sinus cavity. 
There are reactive proliferation and sclerosis in the bone 
of sinus wall, blurred white line in the sinus wall, hyper-
ostosis and septal ridge formation in the cavity, and nar-
rowed sinus cavity. The turbinate mucosa has an evolution 
process of swelling to atrophy.

CT Examination
 1. Acute purulent rhinosinusitis: The swelling and thicken-

ing of the nasal cavity mucosa, turbinate enlargement, 
and nasal meatus stenosis are seen. In the early stage of 
the lesion, the swollen and thickened sinus cavity mucosa 
can be noted, which is mostly parallel with the sinus wall 
or presents polypoid changes [1, 2], showing medium- to 
low-density shadow; air in the sinus cavity decreases. 
When the sinus cavity is filled with retained exudates, the 
density is increased. The unobstructed sinus ostium pres-
ents as a characteristic air-fluid level [2] and may change 
with the body position. The non-enhanced scan shows 
hypodense or isodense in secretions. The enhanced scan 
shows no enhancement of secretions and marked enhance-
ment of mucosa. There is stenosis in the infundibular part 
and semilunar hiatus of the ethmoidal sinus. In the acute 
stage, the bony wall of sinus cavity often shows no sig-
nificant change; in combination with osteomyelitis, bone 
resorption and destruction and blurred surface are found. 
With acute attack, the disease may be complicated with 
cellulitis (Figs. 23.1 and 23.2a–c).

 2. Chronic purulent rhinosinusitis: Acute purulent rhinosi-
nusitis with incomplete treatment or recurrent attack may 
be prolonged and progress into chronic purulent rhinosi-
nusitis, in which turbinate hypertrophy presents polypoid 
changes and the mucosa of sinus wall shows significantly 
homogeneous or irregular hypertrophy [3]. These appear 
as diffuse annular and circumscribed mound-like bulges, 
and lobulated medium to low heterogeneous density 
shadow. The wide base or narrow pedicle is close to the 
sinus wall and septa surface in smoothness. CT findings 
of obstructive rhinosinusitis include enlarged sinus cav-
ity, heterogeneous increase in density of the sinus cavity 
with irregular shape, resorption and rarefaction of the 
sinus wall, and no bone destruction. In the advanced 
stage, the bony wall of sinus cavity has hypertrophy and 
sclerosis, with protrusion into septa or bone ridges in the 
cavity [1] and no bone destruction. Paranasal sinus hypo-
plasia and sinus cavity stenosis can be found in child-
hood. Odontogenic maxillary sinusitis should be 
considered in patients with unilaterally increased density 
in the maxillary sinus. The unilaterally high density in the 
frontal sinus, ethmoidal sinus, and maxillary sinus in 
patients are mostly caused by ostiomeatal complex syn-
drome. Chronic purulent rhinosinusitis may lead to intra-
cranial complications (Figs. 23.3 and 23.4).

MRI Examination
 1. Acute purulent rhinosinusitis: In the early stage of the 

lesion, there is turbinate hypertrophy; thickened parana-
sal sinus mucosa in parallel to the sinus wall or septa sur-
face presents homogeneous lamellar or wavy isointense 
to slightly hypointense on T1WI and hyperintense on 
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T2WI. When there are more secretions, the homogeneous 
turbid water sample from the sinus cavity shows hypoin-
tense on T1WI and hyperintense on T2WI; if there is fluid 
level, it is the characteristic finding. The retained fluid 
presents signal diversity with the effect of protein con-
tent. In empyema, viscous effusion shows isointense to 
slightly hyperintense, and effusion coagulation into the 
clot or increase in glycoprotein content may show double- 
hypointense [2]. On enhanced scan of veins, thickened 
mucosae show annular and homogeneous marked 
enhancement and secretions generally show no enhance-
ment. When the opening is blocked, retention secretions 
may also show heterogeneous mild enhancement [3]. The 
polyp in the sinus cavity shows single or multiple round 

or obround soft tissue shadow, without enhancement, and 
it is complicated with acute osteomyelitis, and edema and 
destruction of the sinus wall. T1WI presents decreased 
signal of bone marrow and the fat-suppression image 
shows increased signal, with different degrees of enhance-
ment (Figs. 23.2d–i, and 23.5a–f).

 2. Chronic purulent rhinosinusitis: In the advanced stage, 
there is turbinate hypertrophy; thickened mucosa along 
the sinus wall or septa surface show parallel or lobulated 
soft tissue signals, which is polypoid granulation tissue, 
and shows hypointense on T1WI and hyperintense on 
T2WI [3]. Fibrotic tissue shows isointense to hypoin-
tense, and marked enhancement on enhanced scan [4]. 
Proliferative bone shows hypointense (Fig. 23.5g–i).

a b

c d

Fig. 23.1 Acute rhinosinusitis (1). A 14-year-old male patient. (a) CT 
non-enhanced scan shows annular lamellar thickening of sinus cavity 
mucosa of bilateral maxillary sinuses with homogeneous thickness, air- 
fluid level formed in the sinus cavity of bilateral maxillary sinuses, 
thickening of the posterior pharyngeal wall, and posterior nostril nar-

rowing, which is the presentation of adenoidal hypertrophy. (b) Axial 
bone window shows no abnormal changes in the paranasal sinus wall. 
(c) Coronal recombination image shows thickening of mucosae of the 
whole group of paranasal sinuses. (d) Sagittal recombination image 
shows air-fluid level in the maxillary sinus
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23.1.1.4  Key Points of Diagnosis
 1. There is a history of acute rhinitis which mostly occurs 

after the infection of upper respiratory tract. The clinical 
manifestations are persistent nasal obstruction, purulent 
discharge, headache, brain distension.

 2. CT non-enhanced scan: The sinus wall mucosa is thick-
ened. The effusion in the sinus cavity and soft tissue den-
sity shadows in the paranasal sinus form a typical air-fluid 
level, with or without bony thickening of sinus wall. The 
sinus wall in the acute stage is not markedly expansile. In 

a b c

d e f

g h i

Fig. 23.2 Acute rhinosinusitis (2). A 12-year-old male patient. (a–c) 
CT non-enhanced scan in the axial, coronal and sagittal planes shows 
hypertrophy of bilateral inferior turbinates, annular thickening of 
mucosae of the paranasal sinus group, sinus cavity filled with soft tissue 
density shadow, and sinus wall without bone destruction. (d–i) MRI 
non-enhanced scan shows isointense on T1WI and hyperintense on 

T2WI in peripheral edema mucosa, and slightly hypointense on T2WI 
and slightly hypointense on DWI in the secretions of sinus cavity. The 
adenoidal hypertrophy, infiltration and involvement of soft tissue 
around the sinus cavity, and bilateral obstructive mastoiditis can be 
found. The mastoid cell shows sparsely hyperintense on T2WI
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the chronic stage, the sinus wall is intact and continuous 
due to bony thickening, and the sinus cavity is narrowed.

 3. Non-enhanced MR scan: Pus presents hypointense on 
T1WI and hyperintense on T2WI. When the protein con-
tent increases, T1WI shows increased signal intensity. 
The mucosa shows annular and wavy thickening. The 
enhanced scan shows marginal ring enhancement in the 
mucosa, and no enhancement in effusion.

 4. Laboratory test: The leukocyte count increases 
significantly.

23.1.1.5  Differential Diagnosis
 1. Nasal polyp. Soft tissue shadows are found in the nasal 

cavity and paranasal sinuses, and the turbinates are 

replaced by soft tissue shadows. The inflammatory polyp 
has a low density. MRI shows watery signals and usually 
no enhancement. The sinus cavity expands and deforms, 
and the piriform aperture is enlarged.

 2. Hemorrhagic necrotic nasal polyp. Medium soft tissue 
shadows are found in the unilateral nasal cavity and max-
illary sinus, with patchy high-density hemorrhage inside. 
The adjacent bones have compressive bone resorption, 
with an enlarged sinus cavity. MRI examination shows 
hemorrhagic characteristic hypointense iron ring, with 
progressive enhancement in the enhancement curve.

 3. Fungal rhinosinusitis. The density in the sinus cavity is 
heterogeneous, and spherical and patchy calcification is 
shown in the fungal masses of paranasal sinus cavity, 

a b

c d

Fig. 23.3 Chronic rhinosinusitis (1). A 50-year-old female patient. 
With recurrent nasal discharge and hyposmia for the past 10 years, and 
status post nasal polypectomy, and absence of middle turbinate after 
turbinectomy. (a) CT non-enhanced scan shows nodular thickened soft 
tissue shadows in bilateral nasal meatus and left ethmoidal sinus, which 

is the presentation of chronic nasal polyp. (b–d) CT non-enhanced scan 
shows maxillary sinus mucosa with heterogeneous thickening and 
uneven surface, diffuse thickening of the sinus wall with sclerosis, thick 
bone trabecula, and circumscribed bone defect in the anterior wall
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which are characteristic changes. The compressive resorp-
tion or thickening and sclerosis occurs in the sinus wall.

 4. Papilloma. It is a benign tumor of nasal cavity in elderly 
males and derives from the lateral wall of nasal cavity. 
There is an irregular soft tissue mass in the middle nasal 
meatus, with unsmooth surface and “bubble sign” inside. 
Some tumor may be calcified. The paranasal sinus cavity 
is enlarged. Obstructive inflammation occurs in the nasal 
meatus of nasal cavity on the affected side. The nasal sep-
tum shifts; the bone in the lateral wall is expanded and 
thinned or resorbed and destroyed. It is easy to differenti-
ate it from inflammation on MRI. T1WI shows hypoin-
tense or isointense to slightly hypointense and T2WI 

shows hyperintense. The curly lobulated structure is seen 
inside and may extend to the maxillary sinus, ethmoidal 
sinus, and nasopharyngeal part. The enhanced scan shows 
heterogeneous gyriform enhancement.

 5. Wegener granulomatosis. There is bone destruction in 
turbinate and nasal septum. The nodular soft tissue mass 
occurs in the midline of nasal cavity.

 6. Allergic rhinosinusitis. Chronic purulent rhinosinusitis is 
often complicated with allergic rhinosinusitis. Allergic 
elements are the main causes of non-purulent rhinosinus-
itis. Imaging is difficult to differentiate the two diseases. 
Allergic rhinosinusitis is characterized by generally 
enlarged turbinates, nasal polyp in the nasal cavity, mostly 

a b

c d

Fig. 23.4 Chronic rhinosinusitis (2). A 51-year-old female patient 
with a history of chronic rhinosinusitis in bilateral maxillary sinus. (a–
d) Axial and coronal recombination images on CT non-enhanced scan 
show thickening and sclerosis of the bilateral maxillary sinus walls, 
unsmooth sinus walls, strip-like calcified plaques along the medial side 

of the sinus walls. Heterogeneous thickening is found in the mucosae of 
bilateral maxillary sinuses and left ethmoidal sinus. Linear hyperdense 
shadows are interwoven into the reticular structure in the sinus cavity. 
There are bilateral inferior turbinates in increased volume and thick-
ened nasal cavity mucosa
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bilateral involvement, mucosa with lobulated thickening, 
little fluid level, and intact and clear sinus wall, which are 
different from bone wall resorption and osteosclerosis of 
purulent rhinosinusitis.

 7. Paranasal sinus cyst. The submucosal cyst is mostly 
manifested as the well-defined homogeneous low-density 
lesion, with no change in body position. The mucocele is 

a common lesion with an expanded sinus cavity and bone 
resorption of sinus wall. The enhanced scan shows no 
enhancement in the lesion in the sinus cavity.

 8. Surgical traumatic secondary changes. The air-fluid level 
in the sinus cavity is a characteristic change of purulent 
rhinosinusitis. Definitive diagnosis can be generally made 
by combining the change with symptoms and signs of 

a b c

d e f
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Fig. 23.5 Acute rhinosinusitis into chronic rhinosinusitis. A 27-year- 
old female patient. (a–c). In the first examination, MRI non-enhanced 
scan shows homogeneous mild thickening of bilateral maxillary sinus 
mucosae, intracavitary secretion retention, air-fluid level, and slightly 
hypointense of fluid on T1 WI. Enhanced MRI scan shows homoge-
neous enhancement in mild thickened mucosae and no enhancement in 
retained fluid. (d–f) In the reexamination after 15 months, rhinosinusitis 
is recurrent, and effusion in the right maxillary sinus increases; T1WI 

signal is intensified. Mucosae have lamellar hypertrophy, and still show 
homogeneous enhancement on enhanced scan. (g–i) In the reexamina-
tion after 8  months, the fluid disappears; bilateral maxillary sinus 
mucosae are thickened heterogeneously, which shows isointense of soft 
tissue on T1WI and heterogeneous signals on T2WI.  T2WI shows a 
patchy slightly hypointense region inside. The enhanced scan shows 
heterogeneous enhancement and T2WI shows low enhancement in the 
corresponding hypointense region
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infection. However, the sign is not unique. The air-fluid 
level may occur when past nasal drainage, trauma, sur-
gery, barotrauma, and disturbance of blood coagulation 
lead to hemorrhage. Thus, the medical history should be 
closely combined to prevent misdiagnosis due to 
preconceptions.

23.1.1.6  Status Quo and Progress of Research
Combined with the clinical course and typical manifesta-
tions of thickened mucosa and air-fluid level in the paranasal 
sinus, CT is adequate to make an accurate diagnosis. In 
respect of infiltration of peripheral tissues and formation of 
bone destruction, if the involvement extent and the identifi-
cation of tumorous lesions need to be understood, an addi-
tional MRI examination can be performed. The change of 
magnetic resonance signals can help to understand tissue 
components, distinguish other lesions to make an accurate 
diagnosis, and evaluate the stage characteristics and involve-
ment extent of the lesion.

23.1.2  Fungal Rhinosinusitis

23.1.2.1  Overview
Fungus infection of paranasal sinuses is also known as fun-
gal rhinosinusitis. The pathogen of fungal rhinosinusitis is 
mostly aspergillus, followed by mucor. Other rare patho-
gens include Candida albicans, Rhinosporidium, crypto-
coccus, and actinomycetes. The fungal infection of 
paranasal sinuses is relatively rare. The infection mostly 
occurs in the paranasal sinus with poor drainage, and most 
of the infections are found in the maxillary sinus, followed 
by the sphenoid sinus and ethmoidal sinus. The disease 
occurs unilaterally in most cases and may occur bilaterally. 
It is clinically common in adult females. It often occurs on 
the basis of chronic purulent rhinosinusitis and nasal pol-
yps. The incidence in old and infirm patients with systemic 
diseases significantly increases.

The aspergillus infection lesion is relatively mild and 
localized, while the mucor infection is mostly severe. 
According to the fungal invasiveness and host immune sta-
tus, the disease is divided into four types: fungal ball, allergic 
fungal rhinosinusitis, chronic invasive fungal rhinosinusitis, 
acute fulminant fungal rhinosinusitis.

 1. Fungal ball. It is the most common type. It is chronic 
noninvasive fungal infection that usually occurs in healthy 
people. Thick cheese-like semisolids can be seen in the 
paranasal sinus cavity. The typical symptom is the dis-
charge of brown hypha masses from the nasal cavity.

 2. Allergic fungal rhinosinusitis mostly occurs in young and 
middle-aged patients with allergic constitution, among 

who 40% have a history of asthma. Brown or greenish- 
black mucus or white cheese-like matters can be noted in 
the sinus cavity.

 3. Chronic invasive fungal rhinosinusitis progresses slowly 
and is easily misdiagnosed as malignant tumor, which is 
classified into chronic painless type and granuloma.

 4. Acute fulminant fungal rhinosinusitis mainly occurs in 
patients with immunodeficiency who are often accompa-
nied by underlying diseases, such as diabetes, long-term 
use of antibiotics or abuse of hormones, severe malnutri-
tion or diseases after malignant tumor chemotherapy. The 
pathogen is mostly mucor. The mucor first invades the 
nasal part, causing rapid progression of the lesion, 
enlarged sinus cavity and destroyed sinus wall, spreads to 
the lateral region of nasal cavity and paranasal sinuses 
after a few days, and extends to the pterygopalatine fossa, 
infratemporal fossa, orbit and intracranial area, causing 
serious complications and threat to life. The mortality 
reaches 60% ~ 100%. Hence, the disease is also known as 
rhinocerebral mucormycosis.

23.1.2.2  Pathology Findings
 1. Fungal ball. Thick cheese-like semisolids can be seen in 

the sinus cavity. Microscopically, it is characterized by 
nodular hypertrophy and hyperplasia of paranasal sinus 
mucosa, many inflammatory exudates and necrotic tis-
sues, lymphocyte and multinucleated giant cell infiltra-
tion, and affected tissue densely populated with fungal 
spores and hyphae, with nonallergic mucin. After the 
necrotic fungal ball forms, metabolites including calcium 
phosphate, calcium sulfate, iron, manganese, and other 
heavy metal salts inside deposit.

 2. Allergic fungal rhinosinusitis. Allergic mucin aggrega-
tion is found, and there are a large number of eosinophils, 
Charcot-Leydon crystals, and fungal hyphae. Fungal 
hypha does not invade the paranasal sinus mucosa and 
blood vessels.

 3. Chronic invasive fungal rhinosinusitis. Invasive aspergil-
lus can invade mucosal tunica intima and cause thrombo-
arteritis; invade the paranasal sinus mucosa and 
submucosal bone and cause bone wall necrosis, and sinus 
wall osteosclerosis and destruction coexist. Inflammatory 
granulation tissue in paranasal sinus grows slowly and 
continuously, destroying the bone of sinus wall and peri-
sinusoidal tissues. Bloody pus, granulation tissue, 
necrotic tissue, and caseous tissue are present in the 
lesion, which are similar to those of malignant tumors.

 4. Acute fulminant fungal rhinosinusitis. As mucor infection 
is strongly aggressive, the lesion progresses rapidly and 
the mucor invades the mucosal arteries and submucosal 
bone of paranasal sinuses, and proliferates massively 
under the endarterium, causing arteritis and vascular 
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necrosis; leading to osteonecrosis in a short period and 
invading surrounding structures.

23.1.2.3  Imaging Findings
 1. X-ray examination. Aspergillus is often confined to a sin-

gle sinus cavity. Mucor is mostly invasive and involves 
multiple sinus cavities. The findings of plain films are 
similar to those of general chronic rhinosinusitis. 
Generally, the findings are soft tissue swelling in the 
nasal cavity, turbinate enlargement, floccus turbidness in 
single or multiple sinus cavities, heterogeneous annular 
thickening of mucosa, no air-fluid level, no enlargement 
of sinus cavity, and no change or thickening and sclerosis 
of sinus wall. The fungal ball appears as the soft tissue 
mass in the sinus cavity with patchy calcification area, 
which is a characteristic finding [5]. In allergic rhinosi-
nusitis, ground-glass opacity is present in the sinus cavity, 
with enlarged sinus cavity, thinned sinus wall, and absorp-
tion of lamina papyracea of ethmoid bone. The extensive 
bone destruction occurs in the sinus wall and nasal sep-
tum, suggesting invasive rhinosinusitis. At this point, it 
should be differentiated from malignant tumor of parana-
sal sinuses.

 2. CT examination.
 (a) Fungal ball: It mostly occurs in adult women, cir-

cumscribed to single paranasal sinus. It is the most 
common in the maxillary sinus and rare in the frontal 
sinus. The sinus cavity is filled with irregular polyp-
oid granulation tissue. Residual air shadows may be 
seen, and there is generally no effusion or air-fluid 
level, presenting medium to slightly high density 
which is often heterogeneous. The inside is clustered 
with patchy and sand-like calcification (CT value of 
160  ~  350HU) or linear increased-density shadow 
[6], which represents the calcium, iron, manganese, 
and other heavy metals deposit in the necrotic area. 
The calcification is a typical presentation of the fun-
gal ball, with an occurrence rate of 70% [7], which is 
often located near the sinus ostium of maxillary 
sinus. The enlarged sinus ostium, compressive bone 
resorption in uncinate process, and reactive prolifera-
tion and sclerosis in the sinus wall are found; bone 
destruction is relatively rare. The enhanced scan 
shows no enhancement in the fungal ball. With com-
plications with pyogenic infection, the enhanced 
scan shows heterogeneous mild enhancement, with 
fluid level, multiple sinus cavities are involved 
(Figs. 23.6, 23.7, and 23.8a–b).

 (b) Allergic fungal rhinosinusitis: It is common, account-
ing for 7% of chronic rhinosinusitis. The sinusitis 
occurs in the half group or whole group of paranasal 
sinuses. The involvement of ethmoidal sinuses is 

common, with nasal polyps. The sinus cavity is 
enlarged and remodeled, which is filled with solid 
soft tissue density shadow, with flaky ground-glass 
opacity (mucin) in different shapes scattered in the 
center [3, 7] and surrounding low-density mucosa. 
Bone is resorbed and thinned due to compression. 
The orbit and anterior cranial fossa may be invaded 
(Fig. 23.9).

 (c) Chronic invasive fungal rhinosinusitis: Aspergillus is 
the most common pathogen. The disease is most 
common in the maxillary sinus, followed by the eth-
moidal sinus and sphenoid sinus [3]. In the early 
stage, only non-specific mucosal thickening is found. 
In the progressive stage, a soft tissue mass with het-
erogeneous density is found in the sinus cavity, with 
calcification rare inside. The mass bulges into the 
adjacent paranasal sinus and nasal cavity. Bone 
destruction and proliferation and sclerosis are present 
in the sinus wall, usually causing large bone defects. 
The fat space around the sinus cavity is invaded with 
increased density, and the pterygopalatine fossa, 
infratemporal fossa, orbital and intracranial struc-
tures are affected, with erosion and destruction of 
orbital wall and skull, increased soft tissue in the 
orbit, extraocular muscle, and optic nerve involved, 
and eyeball protruding outward due to pushing pres-
sure (Figs. 23.10a–c and 23.11a).

 (d) Acute fulminant fungal rhinosinusitis: It is mostly 
found in maxillary sinus, followed by the ethmoidal 
sinus and sphenoid sinus. In the early stage, the para-
nasal sinus mucosa is thickened and there is gener-
ally no air-fluid level. The rapid progression of the 
condition causes the infiltration of soft tissue around 
the maxillary sinus, diffuse swelling in the sinus cav-
ity and perisinusoidal soft tissue, serious bone 
destruction of the sinus wall forming large defects, 
no deformation of the sinus cavity, and extensive 
invasion of adjacent structures [3] (Fig. 23.12a).

 3. MRI examination.
 (a) Fungal ball: It often involves a single sinus cavity. 

The mucosal hypertrophy shows nodular changes. 
Due to calcium phosphate deposits, the intracavitary 
granuloma presents hypointense or isointense on 
T1WI, and calcification shows extremely hypoin-
tense on T2WI [7]. The enhanced scan shows no 
enhancement in the main body and mild ring 
enhancement in marginal mucosa (Fig. 23.8c–i).

 (b) Allergic fungal rhinosinusitis: Multiple sinus cavities 
are usually involved, with sinus cavity expansion, 
and the paramagnets including iron and manganese 
and secretion mucin in fungal hypha have different 
contents [3, 7]. T1WI signals vary from hypointense 
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to hyperintense. T2WI shows heterogeneous hypoin-
tense. The enhanced scan shows no enhancement 
inside and linear enhancement in peripheral mucosa, 
with hyperintense in nasal polyps on T2WI.

 (c) Chronic invasive fungal rhinosinusitis: As the para-
magnet and mucin content affects magnetic reso-

nance signals, it mostly shows isointense on T1WI, 
heterogeneous and large patchy hypointense on 
T2WI, with good performance in showing nerve 
invasion. Chronic invasive fungal rhinosinusitis often 
causes orbital apex cavernous sinus syndrome [8], in 
which the optic canal is invaded, the cavernous sinus 

a b

c d

Fig. 23.6 Fungal ball of right maxillary sinus. A 47-year-old female 
patient. (a–c) CT in the transverse plane and coronal plane shows 
increased density in the right maxillary sinus cavity, filled with soft tis-
sue density, patchy and annular calcification area inside with different 

degrees of calcification, and enlarged sinus ostium of maxillary sinus. 
(d) Nasal endoscopy shows calcified fungal ball presenting pale crumby 
structure
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is widened, the soft tissue mass shows heterogeneous 
enhancement by enhanced scan, the involved menin-
ges are thickened with linear enhancement, the cav-
ernous sinus segment of the internal carotid artery is 
subject to compressive deviation, and the blood 
 vessels become thinner (see Figs.  23.10d–i and 
23.11b–i).

 (d) Acute fulminant fungal rhinosinusitis: The fungi in 
the mucosa and blood vessels invade, with diffuse 
infiltration of soft tissue in the nasal cavity and para-
nasal sinus. The adjacent structures are extensively 
invaded, such as nasal cavity, sinus cavity, orbit, pter-
ygopalatine fossa, infratemporal fossa, and cavern-
ous sinus, which have serious bone destruction [9]. 
The extraocular muscle and optic nerve are swollen, 
and soft tissue in the orbital apex and cavernous sinus 
area is thickened and enhanced. Saltatory invasion is 
made to the skull, with meninges thickening and 
enhancement. Fungal brain abscess may be caused in 
the brain parenchyma, with obvious edema in periph-
eral brain tissues (Fig. 23.12b–i).

 4. Essentials for diagnosis.
 (a) Allergic fungal rhinosinusitis usually occurs in young 

people with allergies. Diabetics, tumor patients, and 

other immunocompromised patients are at high risk 
of invasive fungal rhinosinusitis.

 (b) CT non-enhanced scan: Allergic fungal rhinosinus-
itis is usually symmetrical bilaterally. There is a 
lesion with flocculent and heterogeneous density in 
the nasal cavity and groups of paranasal sinuses, with 
increased density in the center. The lesion is accom-
panied by characteristic imaging findings of poly-
morphic calcification or ground-glass opacity. Fungal 
balls generally appear as an irregular hyperdense 
shadow in the sinus ostium of maxillary sinus, with 
soft tissue shadow in the maxillary sinus, ethmoidal 
sinus, and frontal sinus.

 (c) MR non-enhanced scan: The scan shows hypointense 
or isointense on T1WI, extremely hypointense on 
T2WI, without solid enhancement, and can show 
marginal mucosa enhancement.

 (d) Noninvasive fungal rhinosinusitis is characterized by 
hyperostosis and hypertrophy of sinus wall or com-
pressive resorption, which generally does not invade 
surrounding structures.

 (e) Chronic invasive fulminant fungal rhinosinusitis and 
acute fulminant fungal rhinosinusitis have rapidly 
progressive bone erosion and destruction, and they 
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Fig. 23.7 Fungal ball of right posterior ethmoidal sinus and sphenoid 
sinus. A 63-year-old female patient (a–f) CT shows mild enlargement 
of right sphenoid sinus cavity, hypertrophy of sinus wall, and osteoscle-
rosis. The sphenoid sinus is connected to the posterior ethmoidal sinus. 

The right posterior ethmoidal sinus and sphenoid sinus cavities are 
filled with soft tissue density, with lumpy calcification density area in 
the center
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extensively invade the orbit, intracranial, pterygo-
palatine fossa and other adjacent structures.

23.1.2.4  Differential Diagnosis

 1. Chronic rhinosinusitis. It has a high incidence and a long 
duration. It commonly shows mucosal thickening and 
dense concentrated secretion of multiple sinus cavities. 

Calcification is rare, and less than 3% of all cases have 
calcification or ossification. Calcification is often located 
around the lesion and punctate and linear calcification is 
found along the sinus wall, and the sinus wall has 
osteosclerosis.

 2. Inverting papilloma. It is a benign nasal tumor common 
in elderly men, which originates from the lateral wall of 
nasal cavity. Irregular lobulated medium or slightly high- 

d e f
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Fig. 23.8 Secondary mold ball of nasal polyps in the left maxillary 
sinus. A 78-year-old female patient. (a and b) Coronal CT shows the 
sinus cavities of left paranasal sinuses filled with high-density shadow, 
enlarged maxillary sinus, and lumpy calcified tissue around the ostio-
meatal complex. (c, d and g) MRI non-enhanced scan shows contents in 
the maxillary sinus cavity presenting slightly hyperintense on T1WI 
and slightly hypointense on T2WI. (e) DWI shows the diffusion-limited 

lesion, with intensified DWI signal. (f) ADC image shows decreased 
ADC value, and irregularly extremely hypointense in sequences of 
sinus ostium area and calcification area. (h and i) Enhanced MRI scan 
shows no enhancement in the lesion in the left maxillary sinus cavity, 
and linear enhancement in peripheral mucosa. The obstructive rhinosi-
nusitis in the left ethmoidal sinus and frontal sinus present marked 
enhancement
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density masses are found in the middle nasal meatus of 
nasal cavity, with unsmooth surface and “bubble sign” 
inside. Calcification is found in about 10% of cases and 
invaginated bone fragments are found in 40%. The maxil-
lary sinus shows isointense on T1WI and hyperintense on 
T2WI by MR. T2WI and enhanced T1WI show convo-
luted gyriform structures, which can extend to maxillary 

sinus, ethmoidal sinus, and nasopharyngeal part, causing 
local bone deformation, nasal septum deviation, bone 
resorption and destruction, and obstructive inflammation 
of unilateral nasal meatus of nasal cavity.

 3. Hemorrhagic necrotic nasal polyp. The sinus cavity has 
heterogeneous density, with low-density inflammatory 
necrosis and high-density hemorrhage [3]. The enhanced 

a b

c d

Fig. 23.9 Allergic fungal rhinosinusitis of bilateral maxillary sinuses. 
A 72-year-old male patient with nasal obstruction since over 10 days, 
intermittent nasal discharge and sneezing. The laboratory test shows a 
significant increase in eosinophils and fungal mixed infection. (a–d) 
Axial and coronal recombination images on CT non-enhanced scan 
show expansive deformation of bilateral maxillary sinus cavity, mildly 

dilated sinus ostium, inside mostly filled with solid soft tissue density 
shadow with flaky ground-glass opacity (mucin) in the center and sur-
rounding low-density mucosa, and inapparent bone erosion of sinus 
wall (Images courtesy of Hao Zhiyong, Dongguan Shatian People’s 
Hospital)
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scan shows mild enhancement. The sinus cavity is enlarged 
and deformed, with local thinning due to bone resorption. 
It is difficult to differentiate hemorrhage from calcifica-
tion using CT, while MRI has a high differentiation value. 
Calcification shows hypointense in each sequence, and 
hypointense of fungal rhinosinusitis is mostly located in 
the lesion center. Hemorrhage may show increased signal 
on T1WI, and most hemorrhagic necrotic nasal polyps 
show marginal hypointense ring on T2WI.

 4. Mucocele. It is common in single nasal cavity, especially 
in the frontal sinus and sphenoid sinus. The sinus cavity 
expands and is filled with a large amount of mucus. 
Mucin content affects CT density and MRI signal of cyst 
[8]. The imaging findings are variable. Most lesions show 
hypodense or isodense shadow, with hypointense on 
T1WI and hyperintense on T2WI. When mucin content is 
high, the density increases, T2WI signal intensity 
decreases, and T1WI signal goes through a process from 

a b c

d e f

g h i

Fig. 23.10 Chronic invasive fungal rhinosinusitis of sphenoid sinus. A 
70-year-old male patient. (a) The first CT non-enhanced scan of head 
and neck shows right sphenoiditis, with patchy calcification in the cen-
ter. (b and c) In the CT reexamination after 5  years, the lesion pro-
gresses, and thick and big calcified plaques, dilated sphenoid sinus, and 
sinus wall thinned because of compressive resorption. (d–i) MRI non- 

enhanced scan shows heterogeneous signal mass in the sphenoid sinus 
cavity, increased T1WI signal, decreased and diffusion-limited T2WI 
signal, increased DWI signal, reduced ADC value, which suggests ele-
vated protein content in the lesion. The hypointense calcification area in 
each sequence can be observed in the anterior center of the lesion
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low to high and then to low. The sinus wall is thinned and 
displaced under compression.

 5. Nasal cavity melanoma. The lesion is common in the 
elderly and presents multiple infiltrative growth. On CT, 
it appears as an irregular soft tissue mass, with deforma-
tion and destruction of peripheral bone. Melanin, hemor-

rhage, and free radicals can shorten the time of T1WI and 
T2WI [9], showing isointense or slightly hyperintense on 
T1WI, isointense or slightly hypointense to isointense on 
T2WI, and mild enhancement on enhanced scan.

 6. Epithelial malignant tumor. Malignant tumor of nasal 
cavity or paranasal sinus is circumscribed and mostly 

a b c
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Fig. 23.11 Invasive aspergillus rhinosinusitis with encephalitis and 
brain abscess. A 37-year-old male patient. With fungal rhinosinusitis 
surgery over 10 years ago, nasal obstruction for the past 2 weeks, and 
convulsion after admission. (a) CT non-enhanced scan shows multiple 
postoperative bone defects in the right maxilla, right upper palatine 
bone, and partial turbinate of right nasal cavity. A soft tissue mass is 
noted in the left nasal cavity, which invades upwards the anterior cranial 
fossa and left orbital medial wall. The corresponding bone wall erosion 
and destruction form bone defects, without sclerotic margin. (b–f) MRI 

non-enhanced scan shows heterogeneous signals in soft tissue mass, 
with hypointense on T1WI and hyperintense T2WI in the center, and 
isointense on T1WI and hypointense on T2WI in the surrounding area. 
(f–i) MRI enhanced scan shows irregular lacery enhancement, intracra-
nial abscess wall in heterogeneous thickness, local incompleteness, 
unremarkable enhancement of necrotic vomica in the center. The adja-
cent thickened meninges show linear enhancement. The left medial rec-
tus is subject to compressive tortuous course
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Fig. 23.12 Acute fulminant fungal rhinosinusitis - mucor encephalitis 
and brain abscess. A 52-year-old male patient with a history of type II 
diabetes, headache since over 5 months, blindness in right eye for the 
past 10 days, and recurrent fever. (a) CT non-enhanced scan shows wid-
ened cavernous sinus that is ill-defined, with increased density. (b–d) 
MRI non-enhanced scan shows heterogeneous signals in the lesion of 
skull base, with slightly hypointense on T1WI, and mainly hypointense 
in irregular shape on T2WI.  The lesion invades the right cavernous 
sinus and orbital apex part, and extends along the pterygopalatine fossa 
space. The right maxillary sinus mucosa is heterogeneously thickened. 

Multiple thin-wall cystiform shadows can be noted in the right temporal 
lobe, surrounded by irregular edema region. (e–i) Enhanced MRI scan 
shows ring enhancement in the cyst wall of polycystic lesion of right 
temporal lobe, with homogeneous thickness of enhancement ring, and 
thickening and enhancement of adjacent meninges. The lesion in the 
right cavernous sinus, orbital apex, and pterygopalatine fossa shows 
cellular heterogeneous enhancement, with soft-tissue infiltration and 
rough and unclear contour. The right maxillary sinus and turbinate 
mucosae are thickened and enhanced (Images courtesy of Yu Shuilian, 
the People’s Hospital of Guangxi Zhuang Autonomous Region)
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occurs in the maxillary sinus and ethmoidal sinus. It is 
characterized by a short duration, rapid progression, 
strong invasion, irregular moth-eaten osteolytic 
 destruction of sinus wall bone, mostly without sclerosis, 
soft tissue mass with heterogeneous medium- to high-
density and irregular shape. It mostly shows isointense on 
MRI T1WI and T2WI, with obvious mass effect and sig-
nificant invasion of peripheral tissues and structures. The 
enhanced scan shows heterogeneous marked enhance-
ment in tumor. Compared with fulminant fungal rhinosi-
nusitis, the lesion of maxillary sinus carcinoma is 
unilaterally located in a single sinus, which is limited 
in location with long course. With respect to the length of 
clinical duration of disease and the extent of bone destruc-
tion, the diseases are in descending order: chronic inva-
sive fungal rhinosinusitis, sinus carcinoma, and acute 
fulminant fungal rhinosinusitis.

 7. Olfactory neuroblastoma.  It is manifested as a 
dumbbell-shaped soft tissue mass of which the center is 
located in the ethmoid bone. Calcification and hemor-
rhagic focus may be present in the center, with marked 
enhancement.

 8. Caseous rhinosinusitis. It is obstructive chronic inflam-
mation in unilateral nasal cavity and paranasal sinus. It is 
manifested as hypertrophy of nasal mucosa, thickening 
and sclerosis of paranasal sinus, and necrotic substances 
in the sinus cavity presenting heterogeneous consolida-
tion tissue and with no enhancement on enhanced scan, 
compressive bone erosion in the sinus wall and nasal sep-
tum, with a clear margin.

 9. Rhinolith. It is calcification in the nasal cavity caused by 
long-term calcium salt deposition centered on foreign 
matters, hemorrhage, and ectopic teeth.

23.1.2.5  Status Quo and Progress of Research
Routine CT non-enhanced scan shows pleomorphic calcifi-
cation in the center of paranasal sinus and nasal cavity, defi-
nite diagnosis of a fungal ball can be made. For young people 
with allergic constitution, strip-like ground-glass opacity in 
the paranasal sinus cavity is combined with serological aller-
gic reaction and increased eosinophil, with a high diagnostic 
accordance rate. If there is invasion outside the nose, MRI 
can be used as a supplementary examination method. Chronic 
invasive fungal rhinosinusitis tends to be misdiagnosed as 
malignant tumor. Acute progressive rhinosinusitis is charac-
terized by rapid progression, extensive involvement, and 
high mortality, so the combination of CT and MRI examina-
tion is necessary, so that direct imaging diagnosis is provided 
for direct infiltration and destruction and saltatory intracra-
nial invasion.

23.1.3  Pediatric Rhinosinusitis

23.1.3.1  Overview
Pediatric rhinosinusitis has a high clinical incidence, which 
is closely related to the physiological and developmental 
characteristics of children. Due to poor immunity and incom-
plete respiratory and immune function in children, respira-
tory infections and systemic diseases tend to cause nasal 
infections. As the mucosae of nasal cavity and paranasal 
sinuses are tender and blood vessels and lymph vessels are 
adequate, inflammatory stimulation easily contributes to 
congestion and edema. Local factors of rhinosinusitis include 
paranasal sinuses with hypoplasia or anatomical variations, 
sinus ostium of maxillary sinus in high location, and honey-
comb structure of ethmoidal sinus. Nasal mucus inadequately 
drains and drips through the posterior nostril to the pharynx, 
which may lead to cough, nausea, and tinnitus in addition to 
general rhinosinusitis symptoms, such as nasal obstruction 
and nasal discharge.

Rhinosinusitis is divided into purulent, allergic, and spe-
cific types according to etiology. Allergic and specific rhino-
sinusitis rarely occurs. Purulent infection is more common, 
with clinically acute attack, and presents with fever, purulent 
mucus, poor nasal respiration, and cheek pain. The sources 
of infection may be seen in primary paranasal sinus infec-
tion, nasal cavity infection spreading, cross spread of parana-
sal sinuses, adjacent tissue involving in sinus cavity, 
hematogenous infection and sinus ostium blocked [10]. 
Bacteria tends to invade the maxillary sinus and periosteum 
and bone marrow of orbital bone, resulting in osteomyelitis, 
periostitis, subperiosteal abscess, and further spreads and 
causes intraorbital cellulitis, optic neuritis, otitis media, and 
meningoencephalitis. Pediatric rhinosinusitis is different 
from adult rhinosinusitis in respect of etiology and clinical 
features, so are its imaging characteristics.

23.1.3.2  Pathology Findings
Acute rhinosinusitis is characterized by nasal mucosal vaso-
dilation, increased permeability, mucosal congestion and 
edema, epithelial swelling forming polypoid changes, slow 
ciliary movement, inflammatory cell infiltration in lamina 
propria, glandular hyperplasia causing increased serous or 
mucous secretions, ciliary columnar epithelia necrosis and 
exfoliation due to edema compression, exudate and bacteria 
mixed to form purulent secretions, stimulating periosteum 
and bone wall proliferation. In the chronic stage, epithelial 
cilia shed from mucosa of nasal cavity, lamina propria is 
thickened to cause localized bulge and polypoid hyperplasia, 
and the blocked glandular duct lead to cysts in the mucous 
gland.

23 Nose and Paranasal Sinus Diseases



208

23.1.3.3  Imaging Findings
 1. X-ray examination. The application value of plain films 

of paranasal sinuses in children is limited due to incom-
plete development of their paranasal sinuses and poor 
pneumatization, poor display of site overlap and deep tis-
sue, and poor cooperation of children. Mild cases only 
present with non-specific mucosal thickening, which may 
be homogeneous annular or heterogeneous wavy. With 
the aggravation of the disease, the permeability of the 
sinus cavity decreases gradually. In severe cases, the 
sinus cavity becomes turbid and the fluid level and other 
acute rhinosinusitis signs can be observed. Purulent 
infection may cause moth-eaten bone destruction of the 
sinus wall and present high-density osteonecrosis. If the 
sinus fistula is present, lipiodol radiography should be 
used.

 2. CT examination.
 (a) Acute rhinosinusitis: The swelling and thickening of 

the nasal mucosa and hypertrophy of turbinates are 
seen. The consistent thickening of the sinus cavity 
mucosa along the sinus wall presents ring soft tissue 
density shadow [10, 11]. The effusion in the sinus 
cavity shows a consistent increase in density, and the 
air-fluid level can be seen in the sinus cavity, with a 
change in body position. The bone absorption and 
blurred contour of sinus wall are identified in rare 
cases. For patients with purulent rhinosinusitis, their 

sinus walls present irregular low-density osteoclasia, 
high-density sequestrum is formed in case of osteo-
necrosis, and subperiosteal abscess manifests as low- 
density stripy shadows adjacent to the bone wall, 
with possibly coarse margins. The cellulitis of 
peripheral soft tissue manifests as swelling of muscle 
and subcutaneous soft tissue with blurred spaces. The 
drainage fistula manifests as high-density shadow in 
soft tissue. The congested and thickened mucosa 
would show homogenous enhancement while the 
cellulitis of soft tissue shows heterogeneous reticular 
enhancement (see Figs. 23.13 and 23.14).

 (b) Chronic rhinosinusitis: In most cases, it manifests as 
annular isointense in a stripe pattern along the sinus 
wall [10], which would be homogeneous and smooth, 
heterogeneous or has nodular process, with possibly 
reactive bone thickening of the sinus wall.

 (c) Complications of rhinosinusitis: Nasal polyps mani-
fest as multiple pedicled soft tissue shadows (in a 
quasi-circular or stripe pattern) along the sinus and 
nasal meatus, and enlargement of nasal cavity or 
paranasal sinus. Submucosal cyst manifests as broad- 
based, flat, moundy, or nodule-like prominence with 
smooth margins and surfaces, and has homogeneous 
density. Mucous cyst manifests as low-density shad-
ows similar to that of water for casting in the sinus, 
and enlargement of the sinus with absorption and 
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Fig. 23.13 Pediatric rhinosinusitis (1). A 2-year-old female patient. 
(a–f) CT shows that the frontal sinus is not pneumatized, and the air 
cavity of the remaining sinus is constricted, and the sinus wall shows 

annular mucosal thickening. The diffuse and significant thickening and 
edema of nasal mucosa are noticed from nasal vestibule to choana, and 
adenoid hypertrophy and airway stenosis are observed
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thinning of sinus wall. Adenoid hypertrophy: The 
transient physiological hypertrophy may occur in 
growing children, and repetitive inflammatory stimu-
lation may cause pathological hyperplasia of ade-
noids, which manifests as thickening of soft tissue 
(exceeding 18  mm thick) of the posterior wall of 
nasopharynx, with nodule-like apophysis into the 
nasopharyngeal cavity and constricted choana 
(Figs. 23.13 and 23.14).

 3. MRI examination. Magnetic resonance imaging (MRI) 
provides relatively high accuracy rates in differentiating 
and characterizing inflammatory tissues, such as mucosa 
with edema, polyp, retention fluid, and pus. Mucosal 
edema shows hypointense on T1WI and hyperintense on 
T2WI, and enhanced scan shows mucosal enhancement. 
Sinus effusion manifests as hypointense on T1WI and 
hyperintense on T2WI, and pus shows increased signal 
intensity on DWI. The signals of nasal polyp and submu-
cosal cyst are similar to thickened mucosa; The mucous 
cyst signal intensity depends on viscosity, water content 
of tissue, and protein content [11]. Osteomyelitis mani-
fests as increased signal intensity on T2WI fat suppres-
sion for bone marrow of superior sinus wall, accompanied 
by lamellar periosteal reaction [1]. Pyogenic infection 
involves adjacent tissues, resulting in intraorbital celluli-
tis, meningitis, and otitis media. MRI shows hyperintense 

on T2WI at lesions of corresponding tissues, and enhanced 
scan shows significant cellular enhancement (Fig. 23.15).

23.1.3.4  Key Points of Diagnosis
 1. Patients suffer from nasal obstruction, nasal discharge 

and cough, and pyogenic infection with symptoms of 
acute infection, such as diffuse redness, swelling, fever, 
and pain in maxillofacial region.

 2. CT shows sinus mucosal wall thickening with effusion in 
sinus and relatively low density of sinus contents. 
According to CT findings, chronic rhinosinusitis mainly 
manifests as mucosal thickening with relatively high con-
tent density, which is normally complicated with polyp-
oid hyperplasia, submucosal cyst, and other signs.

 3. Severe rhinosinusitis can cause bone absorption and blur-
ring of sinus wall, moth-eaten bone destruction would be 
found in patients with pyogenic infection, and seques-
trum would be formed in progressive stage, accompanied 
by laminated periostitis and subperiosteal abscess.

 4. Laboratory test shows significantly increased leukocytes 
and erythrocyte sedimentation rate, and pathogens can be 
detected in spilled pus.

23.1.3.5  Differential Diagnosis
 1. Allergic rhinosinusitis. Undulant mucosal thickening is 

common in polypoid hypertrophy, and can also be noticed 
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Fig. 23.14 Pediatric rhinosinusitis (2). A 3-year-old female patient. 
(a–f) CT shows diffuse swelling of bilateral ethmoidal sinus mucosa, 
bilateral maxillary sinus mucosa and nasal mucosa, the nasal cavity and 
paranasal sinus filled with soft tissue density shadows, and nasal meatus 

occlusion. Inflammatory lesions locally invade into the right orbit and 
form stripy subperiosteal abscess, and the corresponding medial and 
inferior walls are discontinuous in local areas
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in allergic rhinosinusitis [12]. It is difficult to differentiate 
between them if the undulant mucosal thickening occurs 
in both cases.

 2. Tonsillitis. The pharyngeal lymphatic ring is enlarged, 
and the oropharyngeal cavity is constricted during acute 
stage.

23.1.3.6  Status Quo and Progress of Research
CT scan of the paranasal sinus is the most valuable and 
widely used method for diagnosing rhinosinusitis and identi-
fying anatomical variations. The anatomical structures of 
nasal cavity and paranasal sinus are visually and clearly pre-
sented by multiplanar reformation imaging, thus indicating 
the location, shape, density, size, and scope of lesions, and 
accurately showing the erosion to surrounding bone sub-
stance and diffusion to adjacent structures, such as orbit and 
skull base. The determination of nature and degree of lesions 
according to imaging findings provides a reliable basis for 
diagnosis and is of great value for the selection of therapeutic 

approaches and prognosis evaluation. The prolonged and 
noisy scanning due to poor cooperation by children affects 
the implementation of MRI examination for paranasal sinus. 
For children with acute rhinosinusitis and diffusion in para-
nasal organs, MRI enhanced scan is capable of defining the 
infiltration scope and providing images to support the formu-
lation of clinical therapy and evaluation of treatment effect.

23.2  Nasal Polyposis

23.2.1  Polyps in Nasal Cavity and Paranasal 
Sinus

23.2.1.1  Overview
Nasal polyposis is the most common chronic inflammatory 
edema disease of the nasal mucosa, which manifests as 
inflammatory edema and tissue proliferation of nasal mucosa 
caused by allergic reaction or chronic inflammation,  resulting 
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Fig. 23.15 Pediatric rhinosinusitis (3). A 5-year-old patient. (a) CT 
shows mucosal thickening of maxillary sinus and ethmoidal sinus filled 
with soft tissue density shadows, enlargement of sinus and thinning of 
sinus wall; (b–d) MRI re-examination shows annular significantly 
hyperintense on T2WI at the thickened mucosa and hypointense on 
T1WI at main body, with the strip-like slightly hyperintense signals 

noticed therein, which are considered to be protein component. (e and 
f) Enhanced MRI shows that the lesions manifest as multiple annular or 
septal enhancement, presenting cellular changes. In addition, the 
enlargement of inferior nasal concha and hypertrophy of posterior wall 
of nasopharynx are observed
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in increased small mucosal vascular permeability and plas-
mexhidrosis. Under the chronical stimulation of purulent 
secretion, the thrombophlebitis and obstruction of lymphatic 
return occur in mucosa and result in extreme mucosal edema 
with submucosal liquid accumulation and formation of ped-
icled inflammatory mass [13]. There are multiple causes for 
the disease, which involve allergy theory, bacterial superan-
tigen theory, middle nasal meatus microenvironment theory, 
eosinophilic inflammation, vasomotor rhinitis, and cystic 
fibrosis, and are also related to systemic diseases (e.g., aspi-
rin intolerance) [14]. Nasal polyposis shows a significant 
tendency of postoperative recurrence.

Nasal polyps normally grow on the lateral wall of nasal 
cavity, especially the area posterior to the middle nasal 
meatus and adjacent to the sinus ostium. The nasal polyps 
may grow at maxillary sinus ostium, free margin of middle 
nasal concha, posterior end of inferior nasal concha, semilu-
nar hiatus, olfactory cleft, uncinate process, and ethmoidal 
bulla. The nasal polyps may occur in nasal cavity or parana-
sal sinus or both, and bilateral nasal cavities are involved 
symmetrically in most cases. Polyps in paranasal sinus are 
less than those in nasal cavity and are relatively common in 
the ethmoidal sinus. Nasal polyps vary in size and form and 
deform with positions. The severely edematous nasal mucosa 
droops from the middle nasal meatus and paranasal sinus 
ostium to the nasal cavity, thus forming a pedicled long-stem 
polyp or broad-based polypoid lesion. When the paranasal 
sinus ostium is obstructed, the mucus retention in the sinus 
leads to expansion of the sinus, which belongs to a series of 
biochemical and immunological reactions caused by exces-
sive protein content of the mucosal secretion.

Nasal polyps can be divided into three categories accord-
ing to the etiology and pathogenic site.

 1. Allergic polyp. It is noticed mainly in the inferior nasal 
concha and olfactory region in bilateral multiple 
manners.

 2. Inflammatory polyp. It is formed unilaterally or singly. It 
is normally caused by local infection and is difficult to 
recur after resection.

 3. Choanal polyp. It is common in young people. It is a soli-
tary nasal polyp growing near the maxillary sinus ostium, 
extending backward from the anterior end of the middle 
nasal meatus into the choana and nasopharynx, and may 
protrude into the maxillary sinus in a dumbbell shape 
[15]. Similarly, choanal polyps in the sphenoid sinus can 
also protrude into the sphenoid sinus ostium.

23.2.1.2  Clinical Manifestation
It is related to the size and position of the polyp, and com-
mon symptoms include progressive nasal obstruction, head-
ache, purulent nasal discharge caused by increased secretion, 
and dysosmia. Nasal polyps located in the nasal cavity cause 

persistent nasal obstruction. Huge nasal polyps can com-
pletely obstruct the nasal cavity and lead to complete obstruc-
tion, which results in closed rhinolalia. The external nose is 
subject to wide deformity and forms a “frog-shaped nose” 
[15]; The choanal obstruction caused by choanal polyps or 
huge nasal polyps results in snoring, and these polyps may 
protrude into the nasopharynx and obstruct the auditory tube, 
thus leading to tinnitus, hearing loss, and otitis media; The 
clinical symptoms caused by polyps localized in the sinus 
are mild ones.

23.2.1.3  Pathology Findings
These polyps can be histologically divided into edematous 
type, alveolar type, and fibrous type, wherein the edematous 
type is dominant.

 1. Visual findings. The polyps are soft and edema-like loose 
tissues varied in size. They are sleek and shiny, gray or 
reddish (lychee-like) translucent substances, which are 
soft and not tender. They can move back and forth. They 
are not bleeding in most cases, but the hemorrhagically 
necrotic nasal polyps can bleed.

 2. Microscopical findings. The degenerated pseudostratified 
ciliated epithelium adheres to the thickened mucosa sur-
face, which is superior to the severely edematous and 
thickened stroma. The connective tissue space is obvi-
ously loose and enlarged [13]. Plenty of inflammatory tis-
sue infiltration is observed, involving eosinophils, 
mastocytes, macrophages, plasma cells, and lympho-
cytes. The denervated glands decrease, and the secretion 
decreases due to the lack of effective mucosal glands. The 
vascular permeability increases, the blood supply is 
scarce, and some necrotic polyps are noticed.

23.2.1.4  Imaging Findings
 1. X-ray examination. It shows no characteristic. There may 

be decreased transmittance of nasal cavity and paranasal 
sinus, enlarged middle nasal concha with blurred contour, 
the nasal cavity filled with soft tissue shadow protruding 
outward from middle nasal concha, constricted or disap-
peared nasal meatus, enlarged piriform aperture by com-
pression, contralateral deviation of nasal septum, and 
osteoporosis of nasal cavity wall without destruction. 
Multiple spherically mural nodules are identified in the 
paranasal sinus, and the ipsilateral sinus manifests as 
obstructive inflammatory changes, such as turbidity and 
increased density. In the lateral view of paranasal sinus, 
the choanal polyp manifests as soft tissue masses with 
smooth and clear margins in the choana and 
nasopharynx.

 2. CT examination. Solitary or multiple non-neoplastic 
hyperplasias of nasal mucosa with inflammatory swell-
ing, manifesting as homogeneous low-density mass 
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 shadows of unilateral or bilateral nasal cavities, ostiome-
atal complex, ethmoidal sinus, and olfactory cleft. The 
typical manifestation is that the maxillary sinus mass 
connects with the masses in ipsilateral nasal meatus and 
nasal cavity with a narrow handle through the enlarged 
sinus ostium, and these masses are in irregular dumbbell 
shape [16]. If the lesion further extends backward to the 
choana and nasopharynx, and drops downward in a tear-
drop shape, the choanal polyps with pedicled and smooth 
margins will be formed. Most of them manifest as myx-
oid low-density shadows [15]; CT value is higher than 
that of water, but lower than that of muscle, which the 
disease may be complicated with hemorrhage. Simple 
edematous nasal polyp shows no enhancement or linear 
mild enhancement of mucosa; The inflammatory stimula-
tion can lead to relatively significant enhancement of 
increased vascular permeability; Chronic hyperplastic 
polyps are inflammatory and show vascular proliferation, 
increased heterogeneity of density, and mild enhance-
ment by enhanced scan. Simple nasal polyps can occur in 
any part of the sinus wall and are common in the inferior 
wall. When the sinus is filled with large polyps, the 
expansion of the sinus changes. The sinus ostium expands, 
the uncinate process becomes smaller due to absorption, 
the nasal concha and sinus wall are subject to compres-
sive bone absorption, even localized bony defect, and 
polyp tissue can expand outward through the defect. 
Obstructive rhinosinusitis often occurs on the affected 
side. The maxillary sinus and ethmoidal sinus are subject 
to mucosal thickening accompanied by effusion, and 
mucous cyst is secondary to secretion accumulation. Soft 
tissue density shadows are observed around the sinus 
ostium (Figs. 23.16a, b, 23.17, 23.18, 23.19a and 23.20).

 3. MRI examination. The simple nasal polyps manifest as 
mucosal edema, hypointense on T1WI and hyperintense 
on T2WI, which are similar to the signal intensity of water 
[16]. The signals of polyps in different periods (edema, 
adenoid, cystic degeneration, and fibrosis) mixed with 
inflammatory secretions can vary from hypointense to 
hyperintense. The T1WI signal intensity increases with 
the mucinous protein, and the T2WI signal intensity 
decreases in case of concentrated mucus macromolecules 
or chronic rhinosinusitis with fibrous tissue proliferation 
[3]. The enhanced scan indicates the polyps without 
enhancement and mucosa with annular and liner enhance-
ment. Hemorrhagic necrotic nasal polyp is a special type 
of nasal polyp. Repeated bleeding causes heterogeneous 
signal, and hypointense rings formed by hemosiderosis 
are found around the polyp. Hypointense septa is found 
within the polyp, and patchy and nodular progressive and 
heterogeneous enhancement is found by enhanced scan 
(Figs. 23.16c to f, and 23.19b to i).

23.2.1.5  Key Points of Diagnosis
 1. Repeated nasal obstruction, nasal discharge, and hypos-

mia for a long time.
 2. CT indicates multiple mural soft tissue shadows in nasal 

cavities and paranasal sinuses, which are frequently 
noticed near the ostiomeatal complex, and subject to 
dumbbell-shaped connection through the enlarged ostium 
or nasal meatus, or protrude into the choana as a teardrop 
process, with an anterior part larger than the posterior 
part. Thinning of nasal sinus wall of nasal cavity due to 
compressive bone absorption.

 3. Non-enhanced CT scan shows a density similar to that of 
water and smooth margins, no enhancement in most cases 
or marginal enhancement; compressive deviation and 
absorption of adjacent bone, with obstructive 
rhinosinusitis.

 4. Non-enhanced MR scan indicates homogeneous intense 
in most cases, hypointense on T1WI and hyperintense on 
T2WI. The increased protein content can lead to hyperin-
tense on T1WI and decreased signal intensity on 
T2WI.  The increased fibrous hyperplasia can lead to 
decreased signal intensity on T2WI.  Hypointense on 
DWI.

23.2.1.6  Differential Diagnosis
 1. Hemorrhagic nasal polyposisosis. It is mostly found in 

young people, and these patients often have a history of 
nosebleeds. Hemorrhagic nasal polyposis is a special 
type of nasal polyposis. The bleeding and necrotic pol-
yps are intermixed. In case of bleeding polyps, it shows 
hyperintense on T1WI, extremely hypointense on T2WI 
in marginal zone, and progressive enhancement by the 
enhanced scan.

 2. Inverting papilloma. It occurs mostly in middle-aged 
and elderly men, originates from the lateral wall of uni-
lateral middle nasal meatus, and protrudes into nasal 
cavity. The papilloma with irregular surface is hard in 
texture and develops expansively. The surrounding bone 
substance is subject to compressive bone absorption. 
The papilloma easily spreads to the maxillary sinus and 
ethmoidal sinus and can invade adjacent bones. The pap-
illoma rarely develops into the anterior nasal cavity and 
nasal vestibule, and its density indicated by CT scan is 
higher than that of nasal polyps. Punctate calcification is 
found in rare cases. MRI examination, T2WI, and 
enhanced T1WI show convoluted gyri form appearance.

 3. Fibroangioma. It is common in male adolescents and 
originates from sphenopalatine foramen. The lesion cen-
ter is often located in the choana area and pterygopala-
tine fossa of the nasopharynx, and rarely occurs in nasal 
cavity and paranasal sinus. The fibroangioma is large in 
size, expansively develops to the natural orifices and 
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fissures, and easily affects the orbit, paranasal sinus, and 
nasal cavity. Fibroangioma may compress and erode the 
surrounding bone substance to make it thinner or even 
lead to bone destruction, resulting in compressive defor-
mation and antedisplacement of the posterior wall of 
maxillary sinus. Most fibroangiomas manifest as shad-
ows with hyperintense and homogeneous density by CT 
scan, and the density extremely decreases in case of 
many fibrous components or necrotic tissues, which is 
easily confused with nasal polyps. However, high- 
density shadows with marked enhancement can also be 
noticed. MRI scan indicates hyperintense on T2WI, and 
T2WI and enhanced T1WI show salt and pepper sign and 
thick vascular shadows. Nasal polyps show unremark-
able enhancement or mild enhancement. It would be dif-

ferentiated according to features of pathogenic site, 
marked enhancement, and easy bleeding.

 4. Allergic fungal rhinosinusitis. It involves multiple nasal 
cavities and manifests as diffuse high-density shadows 
in the sinus, which is surrounded by mucosa with low- 
density shadows. The difference in protein content leads 
to varied signal intensities on T1WI and hypointense on 
T2WI. Most of the patients with the disease are young 
people with allergic histories.

 5. Wegener granulomatosis. The nodular soft tissue mass is 
located on the midline of nasal cavity, complicated with 
destruction of nasal concha and nasal septum that forms 
a hollow.

 6. Nasal lymphoma. The lesion with heterogeneous density 
often occurs in the anterior nasal cavity, and low-density 
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Fig. 23.16 Nasal polyps in bilateral maxillary sinuses and right nasal 
cavity. An 11-year-old male patient. (a) Non-enhanced CT scan indi-
cates inflammatory polyps with homogeneous density shadows in bilat-
eral maxillary sinuses, and the lesion in right maxillary sinus prolapses 
into the left nasal cavity and migrates to the choana; (b) The lesion has 
a smooth surface and homogeneous density, and unremarkable enhance-

ment is presented by CT enhanced scan; (c–f) After 10 days of treat-
ment, non-enhanced MRI scan indicates that the inflammatory lesion in 
the left maxillary sinus subsides and becomes smaller. The lesions in 
the right maxillary sinus and nasal cavity show significantly hypoin-
tense on T1WI and hyperintense on T2WI, indicating high water content 
that is consistent with the changes of edematous nasal polyp
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shadows are often found due to necrotic tissues. There is 
no significant bone destruction in most cases. Large 
lesion usually involves bilateral ala nasi and soft tissue 
around the lymphoma. The lymphoma manifests as rela-
tively homogeneous density and moderate 
enhancement.

 7. Nasopharyngeal carcinoma. Its predilection site is pha-
ryngeal recess, which manifests as thickened roof of lat-
eral nasopharynx, occlusion of pharyngeal recess and 
narrow parapharyngeal space. The cervical lymph node 
of nasopharyngeal carcinoma has a high metastasis rate 
and moderate enhancement by enhanced scan.

 8. Maxillary sinus carcinoma. Most patients are above 
middle age, and the disease has short duration and rapid 
progression. CT indicates infiltration growth of soft tis-
sue masses in the nasal cavity and maxillary sinus, these 
masses manifest heterogeneous density, irregular shape, 

relatively marked enhancement, erosive bone destruc-
tion, and insignificant expansion of sinus. Isointense is 
dominant on MRI for the lesions, which are 
heterogeneous.

 9. Nasal meningoencephalocele. It is mostly found in chil-
dren and adolescents, with long duration and slow pro-
gression. There is a bony defect between the midline 
area of anterior cranial fossa, the nasal cavity, and the 
paranasal sinus. Some brain tissues protrude into the 
roof of nasal cavity or ethmoidal sinus through soft tis-
sue fissures with the meninges or cerebrospinal fluid, 
and the density or signal of the herniated soft tissue mass 
equals that of the brain tissues, and the mass is sur-
rounded by cerebrospinal fluid.

 10. Others. Rare intracranial masses protruding into nasal 
cavity, such as chordoma, neuroblastoma, and pituitary 
adenoma.
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Fig. 23.17 Nasal polyp in left maxillary sinus with obstructive rhino-
sinusitis of ethmoidal sinus, sphenoid sinus and frontal sinus. A 
70-year-old male patient. Pale pink neoplasm was found in the left nasal 
cavity, the surface of the neoplasm was smooth and tough, avoiding 
bleeding. (a and d) Non-enhanced CT scan indicates mucosal swelling 
of left maxillary sinus, ethmoidal sinus, frontal sinus, and sphenoid 
sinus. The sinus is filled with soft tissue density shadows, and spherical 
soft tissue mass with relatively high tension is found in the left maxil-

lary sinus. The soft tissue mass protrudes into the left nasal cavity 
through the expanded maxillary sinus ostium, thus packing the left 
nasal cavity. The left maxillary sinus is enlarged, and the medial wall is 
subject to compressive bone absorption. (b, c, e and f) CT enhanced 
scan in arterial phase and venous phase shows progressive mild 
enhancement of the lesion center and annular moderate enhancement of 
the peripheral mucosa, especially in venous phase
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23.2.1.7  Status Quo and Progress of Research
 1. Edematous nasal polyps can be definitively diagnosed by 

conventional non-enhanced CT and MRI scans.
 2. For nasal polyps with long duration, osteosclerosis is 

often found at the base of polyp due to inflammatory 
stimulation and vascular proliferation, and its pathogen-
esis is a research hotspot in recent years.

 3. For polyposis involving compression and erosion of sinus 
wall, it manifests as invasive soft tissue masses by imaging 
and needs to differentiate neoplastic lesions. No increased 
intensity on DWI is noticed, and MRI enhanced scan shows 
complete and continuous mucosal linear enhancement.

23.2.2  Hemorrhagic Nasal Polyp

23.2.2.1  Overview
Hemorrhagic necrotic nasal polyp/angiomatous polyp/vaso-
dilatory polyp is a special type of inflammatory nasal polyp, 
which features with hemorrhagic and necrotic lesions, and 
accounts for only 4% ~ 5% of all nasal polyps. It shows mul-
tiple unilateral lesions in maxillary sinus (87.1%) or nasal 
cavity (12.9%). The disease can occur at any age, but is most 
common in young people, showing no significant gender dif-

ference. There is no agreement on its name, but it is often 
named as hemorrhagic necrotic nasal polyp in China and 
angiomatous polyp or vasodilatory polyp at abroad.

The etiology is unknown, and it is generally believed that 
it may be associated with infection, allergic reaction, 
intramucosal hemorrhage, trauma, etc. (1) Allergic reaction: 
Due to the multiple reactions of nasal allergic reaction, in the 
presence of histamine, leukotriene and other chemical media, 
the small vascular permeability of nasal mucosa increases, 
and the plasmexhidrosis increases, resulting in extreme 
increase of nasal mucosa edema, which gradually droops by 
gravity and leads to the formation of hemorrhagic nasal 
polyp. (2) Chronic inflammation: Chronical stimulation by 
chronic rhinitis, rhinosinusitis, and suppurative secretion 
causes thrombophlebitis of nasal mucosa and lymphatic 
return disorder, leading to nasal mucosa edema and gradu-
ally forming hemorrhagic nasal polyp. In recent years, nasal 
polyp is found to be closely associated with aspirin intoler-
ance. Aspirin-intolerant patients are predisposed to nasal 
polyp and bronchial asthma and are generally considered to 
be the result of using non-steroidal anti-inflammatory drugs 
(e.g., aspirin), which interfere with arachidonic acid metabo-
lism. (3) Hemangioma: Blood supply disorder of hemangi-
oma causes hemorrhage, necrosis, organization, and 
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Fig. 23.18 Diffuse nasal polyps in nasal cavity and paranasal sinus. A 
54-year-old male patient. (a–f) Axial, sagittal, and coronal non- 
enhanced CT scans show diffuse packing soft-tissue density of full set 

of paranasal sinuses, and local density of right maxillary sinus is 
slightly high. The middle and superior meatuses of the nasal cavity are 
occluded, only a few passages remained in the inferior meatus
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obstruction of the sinus ostium, causing inflammation or 
edema and secondary polyps [17].

Pathogenesis: The hemangioma derives from nasal polyp 
in maxillary sinus and grows to nasal cavity and choana 
through the narrow maxillary ostium. The compression and 
occlusion of nourishing vessels are easily caused by obstruc-

tion of sinus ostium, pedicle torsion or external compression, 
thus leading to vascular stasis and angiectasis, and further 
leading to edema, infarction, hemorrhage, neovasculariza-
tion, and other changes. This process is repeated, and the 
final result depends on the pathological period of patients 
undergoing the operation.
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Fig. 23.19 Secondary infection of polyps in nasal cavity and paranasal 
sinus. A 61-year-old male patient. The patient suffered from intermit-
tent nasal obstruction and nasal discharge for half a year, which aggra-
vated in the last month. (a) Non-enhanced CT scan indicates 
dumbbell-shaped soft tissue mass in the right maxillary sinus and nasal 
cavity, and scattered, mottled and slightly high-density areas in the cen-
ter; (b–g) Non-enhanced MRI scan shows heterogeneous signal (hyper-

intense and hypointense), multiple patchy hyperintense areas on T1WI 
and hypointense areas on T2WI, hypointense on DWI, and slightly 
decreased ADC value in central area. (h–i) MRI enhanced scan indi-
cates lace-like and cellular enhancement of the lesion. Polypoid mass 
with translucent and lychee-like surface is found in the right maxillary 
sinus during the operation
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Fig. 23.20 Polyps in nasal cavity and paranasal sinus. A 49-year-old 
female patient. (a–f) The multiplanar reformation by axial, coronal and 
sagittal non-enhanced CT scans shows hypertrophy and edema of bilat-
eral nasal concha, poor nasal cavity ventilation, and prolapsed polyp in 

the right choana area. The mucosa of full-set paranasal sinus is hetero-
geneously thickened, with irregular and corrugated surface, and nodular 
and spherical soft tissue protrusions and relatively high density in local 
areas. Enlargement and remodeling of nasal cavity
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23.2.2.2  Pathology Findings
Polyps have abundant blood vessels, complicated with 
necrosis and hemorrhage. Plenty of irregular dark red, bright 
yellowish-brown blood clots are observed. Some sections are 
firm and others are brittle. There is more chronic inflamma-
tory cell infiltration found in stroma. Fibrin thrombus is scat-
tered in blood vessels, and most lesions are covered by 
patchy metaplastic squamous epithelium. Most lesions show 
irregular thin-walled vessels with scattered fibrin thrombo-
sis. Cavernous vascular aggregation area intersects with the 
non-vascular area. Plenty of hemosiderin-containing macro-
phages are scattered in the lesions, complicated with recent 
hemorrhage in a patchy pattern. The lesion shows fibrinoid 
necrosis and a few typical inflammatory polyps. The histo-
logical performance determines the imaging diversity of the 
lesion in density or signal.

23.2.2.3  Imaging Findings
 1. CT examination. It indicates enlargement of the maxillary 

sinus and/or nasal cavity, which are filled with soft tissue 
masses having heterogeneous density. High-density shad-
ows are found at the margin and inside of the lesions at an 
average of 54 (±8) HU, indicating macrophages, fibrous 
components, and proteins that swallow plenty of hemo-
siderin, and the characteristics of hemorrhagic necrotic 
nasal polyps include some lesions with recent hemor-
rhage [3]. The low-density areas indicate polyps, hemor-
rhage, necrosis, and infection. Organization of calcified 
hematoma is found in some masses (calcium deposition 
often manifests as calcification after necrosis of patho-
logical tissues). The enhanced scan shows nodular 
enhancement or patchy (cotton-wool) enhancement [3]. 
The maxillary sinus wall is subject to compressive bone 

absorption, and some areas occur moth-eaten bone 
destruction (inflammation stimulates activity of osteo-
clasts), especially the medial wall of maxillary sinus, 
which may be associated with the thin medial wall of 
maxillary sinus and the maxillary sinus ostium prone to 
the disease. Generally, it will not invade the peripheral 
soft tissues and pterygopalatine fossa. The disease is 
often complicated with edematous nasal polyps 
(Figs. 23.21a, 23.22 and 23.23a).

 2. MRI examination. Heterogeneous signal of overall lesions 
is noticed, with a certain specificity. However, most of the 
lesions are made of vascular proliferation and angiectasis, 
thus indicating dominant hypointense on T1WI and domi-
nant hyperintense on T2WI. Small patchy hyperintense on 
T1WI (suggesting subacute/chronic hemorrhage or cystic 
cavity full of protein) is found in the lesion, with hyperin-
tense on T2WI in the center (polyp, hemorrhage, necrosis, 
and cystic degeneration). Irregular hypointense ring 
around the lesion and internal linear hypointense septa 
are found, which correspond to repeated hemorrhage, 
fibrosis, and hemosiderosis at different stages of the 
lesion (Figs. 23.21b–g, 23.23b–d and 23.24a–c).

By enhanced scan, the vascular proliferation and angiec-
tasis areas are enhanced heterogeneously in varied forms, 
mainly manifesting as multiple patchy and nodular filling 
enhancement. The enhancement is heterogeneous. The TIC 
curve by dynamically enhanced scan shows a continuous 
upward trend, indicating progressive enhancement charac-
teristics [17]. The progressive enhancement of  heterogeneous 
filling indicates that the lesion is mainly made of vascular 
proliferation and angiectasis and fibrous components. The 
vascular components are enhanced and partially confluent, 

Fig. 23.21 Hemorrhagic necrotic nasal polyps in the right middle 
nasal meatus. A 56-year-old female patient Intermittent nasal obstruc-
tion of the right nasal cavity, with minor hemorrhage. (a) Non-enhanced 
CT scan indicates density shadows of oval-shaped nodular soft tissue in 
the middle nasal meatus of the right nasal cavity, and the medial wall of 
the right maxillary sinus is slightly compressed; (b–g) By non-enhanced 
CT scan, the nodules show isointense on T1WI, with small punctate and 

patchy slightly hyperintense at the margin. The heterogeneous signal 
(hyperintense and hypointense) on T2WI is indicated, with multiple 
stripy hypointense shadows within nodules and curved hypointense 
ring at the margin. Diffusion is not clearly limited, with isointenses on 
DWI and ADC. (h and i) MRI enhanced scan shows progressively 
marked enhancement of lesion, with curved low enhancement area at 
the margin
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and the fibrous components are not enhanced, thus showing 
a “cauliflower-like” appearance [17]; By enhanced scan, the 
lesion shows unremarkable enhancement in central area and 
irregular enhancement on the periphery as the central area of 
the lesion is prone to hemodynamic disturbance, causing 
thrombosis in blood vessels and leading to hemorrhage and 
necrosis; however, cavernous vascular proliferation and 
angiectasis are significant due to inflammatory cell infiltra-
tion of peripheral tissues, which can manifest as marked 
enhancement; The annular remote hemorrhage area with 
hypointense on T2WI is not enhanced (Figs.  23.21h, i, 
23.23e, f, and 23.24d–f).

23.2.2.4  Key Points of Diagnosis
 1. The disease is common in young adults. The soft tissue 

masses in maxillary sinus ostium- nasal cavity expan-
sively grow, and the bone is absorbed by compression, 
resulting in localized bone discontinuity. The medial wall 
of maxillary sinus is the most vulnerable area.

 2. CT indicates soft tissue mass of heterogeneous density, 
and intervally distributed high-density hemorrhage and 
low-density necrosis.

 3. MRI indicates heterogeneous signal on T2WI, heteroge-
neous hyperintense in lesion, which is surrounded by lin-
ear hypointense and internal hypointense septa.

 4. Dynamical enhanced scan shows nodular and patchy 
“progressive filling enhancement,” which is a critical 

characteristic that definitely suggests the hemorrhagic 
necrotic polyp, and no enhancement is in the hypointense 
area on T2WI.

 5. The disease can be complicated with edematous nasal 
polyp.

23.2.2.5  Differential Diagnosis
 1. Edematous nasal polyps. These polyps are developed 

bilaterally in most cases, especially in ethmoidal sinus 
and maxillary sinus ostium. They grow from the nasal 
cavity or paranasal sinus to the choana, and most of them 
are pedicled with smooth margins and homogeneous tex-
ture. CT indicates low-density shadow similar to that of 
water (CT value is about 40HU), MRI shows isointense 
or hypointense on T1WI and hyperintense on T2WI, 
enhanced scan shows no enhancement or annular mild 
linear enhancement, and the surrounding bone substance 
has no significant expansive change.

 2. Inverting papilloma. It is common in middle-aged and 
elderly men (40–50 years old). It is a unilateral disease 
originating from the free margin of middle nasal concha, 
occurring mostly in the lateral wall of nasal cavity and 
growing to the nasal cavity, with cauliflower-like or lobu-
lated surface. Soft tissue mass is isointense or hypoin-
tense by CT, with homogeneous density and calcification. 
The mass manifests as slightly hypointense on T1WI and 
heterogeneous signal (hyperintense and hypointense) on 

d e f
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Fig. 23.21 (continued)

23 Nose and Paranasal Sinus Diseases



220

T2WI.  The enhanced scan indicates heterogeneous 
enhancement in the form of convoluted gyriform or pali-
sade. There is no significant osteosclerosis and deviation 
of sinus wall or expansive change, sinus is not signifi-
cantly enlarged, surrounding bone substance is com-
pressed, absorbed and thinned and easily complicated 
with enlargement of paranasal sinus ostium. Irregular 
medium density mass is found on the lateral wall of nasal 
cavity and nasal concha, the nasal septum is subject to 
compressive deviation, and the lateral wall of nasal cavity 
is subject to bone absorption and destruction.

 3. Fungal rhinosinusitis-associated calcium pyrophosphate 
dehydrate deposition disease. It is common in diabetic 
and tumor patients and mostly found in unilateral maxil-
lary sinus and sphenoid sinus. Irregular mass soft tissue 
shadows are found in nasal cavity or paranasal sinus. CT 
shows heterogeneous (isointense or slightly hyperin-
tense) density, with spot-like and patchy calcification or 
high-density shadows of linear septa. Hyperostosis and 

osteosclerosis of sinus wall are obvious. MRI shows 
isodense or slightly hyperintense on T1WI and punctate 
and patchy hypointense on T2WI. By enhanced scan, the 
lesion is not enhanced, and the peripheral mucosa is 
thickened and enhanced. The surrounding bone substance 
is absorbed by compression, but bone destruction is rare, 
while the hyperostosis and osteosclerosis of sinus wall 
are obvious. The expansion of sinus and bone destruction 
are rare. Invasive rhinosinusitis is often complicated with 
bone destruction and easily misdiagnosed as a malignant 
tumor.

 4. Nasopharyngeal angiofibroma. It occurs frequently in 
male adolescents aged between 10 and 25  years, and 
repeated massive bleeding is the first clinical symptom. 
The disease originates from periphery of the sphenopala-
tine foramen, the posterior wall of the nasopharyngeal 
roof is a soft tissue mass with clear margin as well as 
smooth and sharp outer border. As the mass has invasive 
growth characteristics, the surrounding bone substance is 

a b c
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Fig. 23.22 Hemorrhagic necrotic nasal polyps in left maxillary sinus 
and left nasal cavity. A 64-year-old male patient. The patient suffered 
repeated nasal obstruction for more than half a year, which developed to 
intermittent hemorrhage of nasal cavity recently. (a–d) Axial, sagittal, 
and coronal non-enhanced CT scan shows that the left maxillary sinus 
is enlarged and full of soft tissue density shadows, with high-density in 
the central area. The lesion protrudes to the left nasal cavity through the 
enlarged maxillary sinus ostium, the left nasal meatus is packed, and the 
lesion reaches the nasal vestibule. Long pedicle-like low-density shad-

ows drooped into the choana are noticed in the posterior inferior posi-
tion. The lesion involves the left paranasal sinus, and obstructive 
inflammatory tissues of slightly low density are noticed in the periph-
eral area. Axial bone window shows compressive bone absorption of 
maxillary sinus wall, deviation of medial wall to nasal cavity and local 
discontinuity. (e and f) Endoscopy shows smooth and lychee-like sur-
face of the mass, necrotic tissue in some areas of the mass, with bloody 
secretions in mucus
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subject to compressive bone absorption and destruction. 
The mass grows forward and forms nasal cavity mass, 
which can invade paranasal sinus; the mass grows upward, 
destroying the bone of skull base and invading the sphe-
noid sinus and intracranial space; it invades pterygopala-
tine fossa outwards and develops to infratemporal fossa; 
it invades to the orbit along the orbital wall bone or the 
inferior orbital fissure, and mainly manifests as homoge-
neous and slightly high-density shadows with marked 
heterogeneous enhancement by CT scan; and MRI indi-
cates the lesion showing isointense and hypointense on 
T1WI and isointense and hyperintense on T2WI. There is 
no significant intense of hemorrhage in periphery. That is, 
there is no significantly hypointense ring on T2WI. The 

lesions often originate from basilar part of occipital bone, 
corpus sphenoidale, and medial periosteum of pterygoid 
process, and invade pterygopalatine fossa through sphe-
nopalatine foramen; 80% of the lesions lead to widened 
pterygopalatine fossa, they can invade infratemporal 
fossa, invade orbit through inferior orbital fissure, and 
enter intracranial space through foramen rotundum, supe-
rior orbital fissure, and pterygoid canal. Lesions of inva-
sive growth manifest as marked enhancement.

 5. Hemangioma. It is common in the elderly, easily occur-
ring in mucosa anterior to the nasal cavity and maxillary 
sinus, developing slowly, and prone to bleeding, infec-
tion, and necrosis. Hemangiomas are classified into capil-
lary hemangioma, cavernous hemangioma and 

a b c
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Fig. 23.23 Hemorrhagic necrotic nasal polyp in right maxillary sinus. 
A 20-year-old male patient. (a) Non-enhanced CT scan indicates the 
right maxillary sinus filled with patchy heterogeneous soft tissue den-
sity shadows, and patchy areas of higher density in the center, the lesion 
expands into the right nasal meatus with clear boundary, the bone 
absorption and destruction to different extents on the maxillary sinus 
annular wall, and localized bone discontinuity; (b–d) Non-enhanced 
MR scan indicates that space-occupying lesion of the right maxillary 
sinus breaks through the maxillary sinus wall and invades the pterygo-

palatine fossa in lateral posterior direction; slightly hypointense on 
T1WI at main body of the lesion; and small patchy hyperintense on 
T1WI at the margin; and heterogeneous signal (hyperintense and 
hypointense) on T2WI, with hyperintense in the center, irregular 
hypointense ring around the lesion and internal linear hypointense 
septa, suggesting hemosiderin deposition. (e–f) Enhanced scan shows 
irregular patchy and nodular filling enhancement (Images courtesy of 
Hu Junhua, Jingdezhen Maternal and Child Health Hospital)
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hemangioma racemosum. Soft tissue density masses 
expensively grow and have clear margins (large masses 
show heterogeneous density shadows), phlebolith or cal-
cification are common in these masses. These masses 
directly invade orbit, pterygopalatine fossa, infratemporal 
fossa, and other structures. The compressive deviation, 
absorption and thinning or diffuse, osteolytic and moth- 
eaten destruction of bone of sinus wall are important 
diagnostic signs. The cervical lymphatic metastasis 
occurs. MRI indicates that the hemangioma is isointense 
on T1WI and heterogeneous and slightly hyperintense on 
T2WI. The signal is heterogeneous and free of attenua-
tion. Enhanced scan indicates mild-marked heteroge-
neous enhancement, complicated with heterogeneous 
enhancement for infection and necrosis, unremarkable 
enhancement in case of thrombus and flowing void 
shadow.

 6. Malignant melanoma of nasal cavity.  It is common 
in the elderly, mostly located in nasal septum and middle 
and inferior nasal concha, but rarely found in maxillary 

sinus and nasal periphery. Most of the lesions show infil-
trative growth. CT shows irregular high-density soft tis-
sue masses without significant necrosis or cystic 
degeneration, significant absorption, and destruction of 
surrounding bone, showing knife-cut sign with clear and 
clear margin. Lesions can invade peripheral tissues and 
grow to the orbit, pterygopalatine fossa, face, and contra-
lateral nasal cavity. MRI indicates heterogeneous signals, 
and the characteristic signals increase with melanin pig-
ments, typically manifesting as hyperintense on T1WI 
and hypointense on T2WI.  Most cases show slightly 
hyperintense on T1WI and slightly hypointense on 
T2WI. Diffusion is limited on DWI, and ADC indicates 
hypointense. Enhanced scan shows mild enhancement, 
and the TIC curve rapidly rises and slowly declines, indi-
cating malignant melanoma of nasal cavity.

 7. Epitheliogenic malignant tumor of paranasal sinus. It is 
common in the elderly with short duration and rapid 
progress. Soft tissue masses grow along the sinus wall or 
nerves in different directions throughout the sinus, and 

a b c
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Fig. 23.24 Hemorrhagic necrotic nasal polyp in right maxillary sinus. 
A 47-year-old male patient. (a–c) Heterogeneous signal mass is found 
at the ostium of right maxillary sinus-nasal meatus sinus ostium, with 
patchy and annular hypointense on T2WI.  Isointense is dominant on 

T1WI, with hypointense ring and decreased ADC value; (d–f) Enhanced 
MRI shows punctate and patchy heterogeneous enhancement. Dynamic 
enhanced scan shows progressive enhancement, and all multidraw 
enhancement curves are ascending
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the diffuse, osteolytic, and moth-eaten destruction of 
bone along the sinus wall is remarkable and considered to 
be an important diagnostic sign. Calcification is found on 
the surface or inside of some masses, which directly 
involves peripheral structures, such as orbit, pterygopala-
tine fossa, and infratemporal fossa, complicated with cer-
vical lymphatic metastasis. CT shows soft tissue mass 
with heterogeneous density; isointense or slightly hypoin-
tense on T1WI, heterogeneous and slightly hyperintense 
on T2WI, and mild-marked heterogeneous enhancement 
by enhanced scan.

 8. Lymphoma. It progresses slowly, easily occurs in the 
anterior nasal cavity or midline structure, and is common 
in nasal cavity and maxillary sinus. The change of bone 
swelling is unremarkable, and the degree of bone destruc-
tion is not proportional to the mass size. That is, the large 
mass does not indicate remarkable bone destruction, and 
is easy to invade the facial soft tissue. CT shows homoge-
neous soft tissue mass in sinus. MRI indicates slightly 
hypointense on T1WI and isointense and slightly hyperin-
tense on T2WI. Enhanced scan shows mild to moderate 
homogeneous enhancement, which lacks characteristic 
manifestation.

23.2.2.6  Status Quo and Progress of Research
 1. MRI is the first choice for diagnosing the disease. The 

lesion caused by hemorrhage shows hyperintense on 
T1WI and specific hypointense ring in the marginal zone 
of T2WI. By enhanced scan, the lesion shows nodular and 
cauliflower-like enhancement as the characteristic mani-
festation. Dynamic enhanced scan is the key to examina-
tion, and “progressive enhancement” provides diagnostic 
features.

 2. Different from neoplastic lesions, the hemorrhage can 
result in hypointense on DWI and SWI.

23.3  Wegener Granulomatosis in Nasal 
Cavity and Paranasal Sinus

23.3.1  Overview

Wegener granulomatosis (WG) is a systemic, multiple organ, 
chronic, progressive, destructive, and giant cell ulcerative 
granulomatous lesion, which is renamed as granulomatosis 
with polyangiitis. Its basic pathological features are aseptic 
necrotizing vasculitis and granuloma formation in arterioles 
and venules. It is an autoimmune disease involving multiple 
immunopathological processes. Cytoplasmic antineutrophil 
cytoplasmic antibody (C-ANCA) is a very sensitive index 
for the diagnosis of multiple granulomas. The disease can be 
divided into systemic type (Wegener granuloma) and local-
ized type (Wegener granulomatosis), which are in different 

progression stages of the disease. The focus often originates 
from the upper respiratory tract and starts from the nasal sep-
tum, then involves the nasal cavity, paranasal sinus, oral cav-
ity, larynx, and trachea in turn. Lung and kidney are also 
commonly involved. The disease can further involve eyes, 
salivary gland, joints, skin, muscles, ears, pericardium and 
nervous system. In addition, it can involve the liver, lymph 
nodes, large and small intestines, tongue, esophagus, bone 
marrow, and adrenal gland.

The disease is common in young and middle-aged men 
aged 30–50 years. It has a slow onset in most cases and acute 
onset occasionally. Of all the cases, recurrent nasal obstruc-
tion and purulent nasal discharge with persistent aggravation 
account for 85% [9], which is easily misdiagnosed as rhino-
sinusitis, rhinitis, and nasopharyngeal carcinoma. Nasal 
endoscopy shows irregular masses and plenty of secretions, 
with occasional proptosis. Nasal obstruction and purulent 
nasal discharge are common symptoms in early stage, com-
plicated with escharosis, blood-streaked nasal discharge, and 
otitis media caused by obstruction of the auditory tube. 
Bronchial granuloma can cause atelectasis, complicated with 
common symptoms (cough, bloody sputum, chest pain, and 
short breath) of lung involvement, and fever as a systemic 
symptom. When invading the kidney, the disease shows 
occult manifestations at first, followed by proteinuria, hema-
turia, and uremia at the later stage, with renal failure to the 
end. Skin lesion often occurs in limbs and can manifest as 
purpura blisters, nodules, ulcers, and masses.

23.3.2  Pathology Findings

Inflammatory necrotic granuloma of the upper and lower 
respiratory tract, focal or diffuse necrotic glomerulonephri-
tis, and extensive necrotizing vasculitis are the pathological 
triad of the disease [9]. Multiple necrotizing vasculitis mani-
fests as inflammation in the walls of arterioles, venules and 
capillaries, fibrinoid degeneration and necrosis of vascular 
walls, and destruction of muscularis and elastic fibers. The 
infiltration of epitheloid cells, neutrophils, monocytes, mul-
tinucleated giant cells, plasma cells, lymphocytes, fibro-
blasts, and a few eosinophils is found in the necrotic 
granuloma. Multiple nodules are formed in the lungs, and the 
central hollows are often formed due to necrosis. Anti- 
antineutrophilic cytoplasmic antibody (ANCA) plays an 
important role in the pathogenesis of vasculitis [18].

23.3.3  Imaging Findings

 1. X-ray examination. It shows no characteristic manifesta-
tion in early stage and is similar to common rhinosinus-
itis, mainly manifests as mucosal thickening of nasal 
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cavity and paranasal sinus, increased density, decreased 
nasal cavity transmittance, paranasal sinus stenosis, or 
occlusion. In the progressive stage, the disease shows 
atrophy and defect of nasal concha, osteoporosis, and 
destruction of nasal septum, bone absorption and destruc-
tion of medial wall of maxilla and ethmoidal sinus are [3]. 
Perisinusoidal osteosclerosis causes sinus occlusion and 
involves orbit.

 2. CT examination. With nasal cavity as the center, the 
lesion gradually and symmetrically involves maxillary 
sinus from nasal septum and nasal concha, and further 
spreads to other paranasal sinuses and orbits. Hard palate 
involvement is rare [3, 18].

 (a) In the early stage, it shows nonspecific chronic 
inflammatory manifestation. Only nodular mucosal 
thickening and irregular surface of nasal concha, 
nasal septum, and paranasal sinus are found, and the 
sinus may have liquid plane.

 (b) In the progressive stage, irregular stripy soft tissue 
masses are found in nasal septum, nasal concha, and 
maxillary sinus, and mucosa is ambiguous due to 
ulceration, complicated with obstructive rhinitis. 
Bone destruction centered on nasal cavity gradually 
expands to the medial wall of maxillary sinus, and 

the sinus wall may have proliferation and sclerosis, 
showing double-line sign [18].

 (c) In the advanced stage, the nasal concha and nasal 
septum are destroyed remarkably, and the nasal sep-
tum is necrotic and perforated [3]. The maxilla, eth-
moidal septum, papyraceous lamina, and skull base 
can also be involved, and the remaining sinus wall 
bone is thickened and shows a double-line sign. The 
maxillary sinus is narrow or even occluded. The nasal 
dorsum collapses, and the nasal cavity expands to 
form a hollow, accompanied by multiple cord-like 
shadows, similar to postoperative changes [16, 18] 
(Fig.  23.25a–c). Soft tissue mass extends to orbit, 
nasopharynx, oropharynx, and glottic portion, show-
ing soft tissue mass with bone destruction. 
Characteristic soft tissue nodules with hollow forma-
tion are found in the lung (Fig. 23.25d–f). The dis-
ease causes renal enlargement, poor blood supply, 
and glomerulonephritis.

 3. MRI examination. It shows swelling and thickening of 
nasal mucosa, manifesting as isointense or hyperintense 
on T1WI and hyperintense on T2WI.  Granulomatosis 
mostly shows hypointense on T1WI and T2WI, heteroge-
neous signal, and mild enhancement by enhanced scan. 

a b c

d e f

Fig. 23.25 Wegener granulomatosis in nasal cavity and lung. A 
58-year-old female patient. The left nasal obstruction lasted for more 
than 1 week, with bloody nasal discharge for 6 days. Neoplasm was 
found in the middle-superior nasal concha and anterior border of mid-
dle nasal septum, with irregular surface, brittle texture, and easy to 
cause hemorrhage by touch. (a–c) Nasal CT shows local defect of nasal 
septum, hypertrophy of nasal septum and bilateral nasal conchas, form-
ing irregular stripy soft tissue mass with multiple nodular calcification, 

irregular surface and mucosal thickening of bilateral maxillary sinuses; 
(d–f) Chest CT shows multiple masses and nodules in both lungs, 
which are located in the vascular center and subpleural area and mainly 
distributed in upper lungs, with patchy calcification in the center of 
lesion and small hollows in the posterior segment of the superior lobe 
tip of left lung (Images courtesy of Chen Wangqiang, The Second 
Affiliated Hospital of WMU)
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The sinus wall is thickened, which is similar to the intense 
of spongy bone. Qualitative diagnosis is of little signifi-
cance, but can clearly show the extent of involved periph-
eral tissues.

23.3.4  Clinical Diagnosis Criteria

Wegener granulomatosis is diagnosed according to the clas-
sification criteria developed by the American College of 
Rheumatology (ACR) in 1990 [18].

 1. Nasal or oral inflammation. Painful or painless oral ulcer, 
purulent or bloody nasal secretion.

 2. Abnormal chest X-ray findings. Nodules, fixed infiltrative 
lesions or hollows.

 3. Abnormal urinary sediment Microscopic hematuria 
(RBC > 5/HPF) or red cell cast.

 4. Pathological granulomatous inflammatory changes. 
Neutrophil infiltration on the arterial wall or around the 
artery, or outside the blood vessels (arteries or 
arterioles).

Wegener granulomatosis can be diagnosed if 2 or more 
criteria are met, and the sensitivity and specificity of diagno-
sis are 88.2% and 92.0%, respectively.

23.3.5  Key Points of Diagnosis

 1. Progressive bone destruction in midline area of nasal cav-
ity and paranasal sinus, nasal concha destruction, nasal 
septum perforation, a large hollow formed in the nasal 
cavity, saddle nose formed due to collapse of nasal dor-
sum, and double-line sign formed by neoplastic bone of 
the sinus wall.

 2. The nasal cavity and paranasal sinus present diffuse irreg-
ular soft tissue granuloma, which extends symmetrically 
and involves the orbit, nasopharynx, glottic portion, oral 
cavity, and other parts, with the center located in the nasal 
cavity.

 3. MR is a non-neoplastic lesion, showing hypointense or 
isointense on T1WI, hypointense on T2WI and heteroge-
neous signal. Enhanced scan indicates heterogeneous 
enhancement of lesions, and meninges thickening and 
enhancement when skull base is involved.

 4. It is a systemic multisystem disease and multiple organs 
(e.g., lung and kidney) are involved, thus sarcoidosis 
needs to be differentiated [18].

 5. Cerebrospinal fluid examination indicates that erythro-
cyte sedimentation rate increases rapidly, leukocytes 
increase significantly, and related pathogens can be 
detected from cerebrospinal fluid. C-ANCA is positive.

23.3.6  Differential Diagnosis

 1. Rhinoscleroma. The bone is significantly destroyed, but 
the residual bone often has significant proliferation and 
sclerosis; The perinasal soft tissue is significantly thick-
ened, the external nose is deformed, and the thoracic 
lymph nodes are enlarged.

 2. Paranasal sinus sarcoidosis. It usually manifests as a sys-
temic disease involving centrum and multiple organs 
(e.g., lung and kidney), rare involvement of nose, nodular 
mucosal thickening of nasal septum and nasal concha, 
and rare lump-like lesions. When the paranasal sinus is 
involved, it may manifest as soft tissue shadows and bone 
destruction of nasal cavity and paranasal sinus, and the 
nasal bone trabecula has wide reticular changes [18]. The 
enlargement of thoracic lymph nodes is common in rele-
vant patients.

 3. Lethal midline granuloma. The lethal midline granuloma, 
also known as Stewart granuloma and necrotic (gangre-
nous) granuloma, is considered to be NK/T-cell lym-
phoma of nasal cavity and paranasal sinus. The disease 
progresses rapidly and is extremely destructive. Plenty of 
tissues of organs in midfacial region are destroyed, thus 
forming severe defects, and structures near the midline of 
nasal cavity and paranasal sinus are extensively destroyed, 
such as defects of nasal septum, nasal concha and medial 
wall mucosa of maxillary sinus, irregular surface and 
bone destruction, which may be involved bilaterally. 
Necrosis lesion and sequestrum formation can occur in 
nasal bone, maxilla, and hard palate. Abscess formation 
can be found in soft tissue, resulting in “facial empty 
sign” [18], which involves large scope and severe destruc-
tion, destroys the patient’s face in a short time, and results 
in death due to massive hemorrhage, organ failure, and 
complications. Lung and kidney are not involved.

 4. Non-Hodgkin lymphoma. Mostly occurs unilaterally. In 
most cases, it can occur in nasal vestibule or inferior nasal 
concha, and the soft tissue swelling of nasal dorsum, ala 
nasi, and cheek is obvious; The bone destruction of nasal 
septum, nasal concha, hard palate and alveolar bone may 
be infiltrative, the contour of cortex remained without 
bone double-line sign. CT shows homogeneous isoin-
tense or slightly high density, MRI shows slightly hypoin-
tense on T2WI, DWI shows hyperintense, and enhanced 
scan shows mild homogeneous enhancement.

 5. Fulminant fungal rhinosinusitis. It has strong invasion, 
rapid destruction, and severe systemic and local symp-
toms. It is found that the density of the involved sinus 
increases, and the soft tissues within and surrounding the 
sinus are destroyed by diffuse infiltration. Orbital infiltra-
tion causes orbital apex cavernous sinus syndrome, and 
intracranial invasion causes meningitis and fungal granu-
loma [3].
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 6. Nasal carcinoma.  It often occurs in the elderly, 
with nasal obstruction and nasal discharge as common 
symptoms, and masses with irregular surfaces are found 
in nasal cavity. X-ray and CT examination shows infiltra-
tive soft tissue masses on nasal mucosa, which grow rap-
idly and invade paranasal sinus, orbit, and intracranial 
space, and lead to local bone destruction.

23.3.7  Status Quo and Progress of Research

CT is the first choice for imaging examination as it can indi-
cate bone destruction of nasal cavity and paranasal sinus. If 
it is necessary to assess the involvement extent of soft tissues 
or differentiate neoplastic lesions, further MRI examination 
is required, which usually indicates double hypointenses.

For clinically suspected cases, imaging examination is an 
important method for finding the involvement of multiple 
organs. The paranasal sinus, lung, kidney, liver, heart, and 
vascular system should be comprehensively and systemati-
cally examined in combination with ultrasonography, CT, 
and MRI to detect any involvement of multiple organs, and 
the final diagnosis should be made according to clinical diag-
nosis criteria in combination with laboratory test results [19].

23.4  Rhinoscleroma

23.4.1  Overview

Rhinoscleroma is a rare chronic progressive granulomatous 
disease of nasal-paranasal sinus. Its pathogen, Klebsiella rhi-
noscleromatis (Frisch bacillus) is a Gram-negative low- 
toxicity bacterium with low infectivity, but its mode and route 
of infection are unknown. The disease occurs sporadically in 
region and is associated with multiple factors, such as climate, 
environmental sanitation, nutritional status, and individual 
immunity. It mostly occurs in poverty-stricken areas with poor 
sanitation and has been reported around the world, especially 
in Africa, Central and South America, Eastern Europe, and 
Sumatra Island. In China, relevant cases are mainly reported in 
Shandong Province. The onset age mainly ranges from 20 to 
40 years old, and the disease is common in men. The disease 
has a long duration and lasts for months or years.

Ninety-eight percent of patients with rhinoscleroma man-
ifest nasal involvement, which usually occurs bilaterally and 
symmetrically. The lesions of some cases are limited or dis-
tributed asymmetrically. Lesions are limited to the nasal cav-
ity in early stage, and the nasal septum, inferior nasal concha, 
and nasal base are thickened, thus forming lumps. In the pro-
gressive stage, the nasal septum, nasal cavity wall, hard pal-
ate, and medial wall of maxillary sinus are destroyed by bone 
compression or erosion, and scar stenosis can be formed in 
the advanced stage [1]. Rhinoscleroma mostly occurs in 

maxillary sinus (ethmoidal sinus, sphenoid sinus, and frontal 
sinus in order), and easily spreads to adjacent structures, and 
gradually spreads to the inferior and posterior structures, 
including choana, soft palate, hard palate, tonsil, orophar-
ynx, hypopharynx and trachea, and can be scattered through-
out the respiratory tract with concurrent or recurrent 
occurrence. Thus, it is also called respiratory scleroma. 
There are a few cases with primary rhinoscleroma of lower 
respiratory tract. Its infiltration to anterior structures causes 
irregular thickening of ala nasi. It can spread to the superior 
orbit and lacrimal sac. It can enter the posterior nasopharynx 
and involve the auditory tube, causing otitis media.

23.4.2  Pathology Findings

Rhinoscleroma easily occurs in respiratory mucosa and usu-
ally originates from the junction of nasal vestibular squamous 
epithelium and fibrous columnar epithelium, and extends to 
paranasal sinus, larynx, and trachea along the proper mem-
brane. The pathological changes can be divided into three 
stages: catarrhal stage, granulomatous stage, and cicatricial 
stage [1]. Each stage has different pathological features that 
can also overlap at the same time or appear as transition.

 1. Catarrhal stage. Nasal mucosa is subject to edema, atro-
phy, dryness, and escharosis, followed by squamous 
metaplasia and formation of granulation tissue. Infiltration 
of neutrophils, lymphocytes, and plasma cells can be 
found on mucosa and submucosa. The inferior nasal con-
cha becomes smaller, and the nasal cavity is enlarged, 
similar to atrophic rhinitis. Inflammatory manifestations 
and pathological sections are not specific. Detection of 
Klebsiella rhinoscleromatis in the tissue space and bacte-
rial culture are helpful for diagnosis.

 2. Granulomatous stage. Granulation tissues are found in 
nasal vestibule, inferior nasal concha and nasal septum, 
which form hard nodules and are merged into hyperplas-
tic masses, resulting in nasal obstruction and external 
nose deformity. Giant foam-like cells (Mikulicz cells), 
fuchsin corpuscles (Unna or Russell corpuscles), plenty 
of plasma cells, and a few lymphocytes can be observed 
microscopically. Mikulicz cells, Russell corpuscles, and 
anti-Klebsiella rhinoscleromatis are the main pathologi-
cal features of rhinoscleroma and the main bases for path-
ological diagnosis [1].

 3. Cicatricial stage. There are many kinds of deformities in 
contracted fibrotic scar tissue, such as medial deviation of 
ala nasi, constriction and atresia of nasal vestibule, con-
striction of nasopharynx and laryngostenosis. Plenty of 
fibrous tissues are proliferated within the lesion, Mikulicz 
cells and Russell corpuscles decrease or disappear, and a 
few granulomatous lesions are scattered in fibrous tissues 
as isolated islands.
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The disease is diagnosed mainly based on pathological 
examination, bacterial culture, and serum complement fixa-
tion test (CFT), and the characteristic that the phase III clini-
cal lesions often exist simultaneously and the regional 
characteristic [3, 20].

23.4.3  Imaging Findings

 1. X-ray examination. It shows that the lesions are confined 
to the nasal cavity in early stage, with thickening of nasal 
septum and nasal concha. In the advanced stage, the 
destruction by bone compression or erosion is found in 
nasal septum, nasal cavity wall, hard palate, and medial 
wall of maxillary sinus. Scar stenosis can be formed in 
the advanced stage.

 2. CT examination.
 (a) Nonspecific mucosal thickening in early stage.

 (b) Localized or large soft tissue masses with clear con-
tour are formed in granulomatous stage, with homo-
geneous density and unremarkable enhancement [1, 
3]. The middle and inferior nasal conchas are 
deformed, atrophied and destroyed, the nasal septum 
is easy to be destroyed, and the stump shows 
 osteosclerosis. When the paranasal sinus mucosa is 
invaded, the sinus is filled with irregular granulation 
tissue shadows and consolidation, the distal obstruc-
tive rhinosinusitis, the bone of the sinus wall deviates 
and atrophies, and extensive bone destruction and 
stump sclerosis coexist. When the orbit is invaded, 
the extraocular muscle displaces, the masses wrap 
around the extraocular muscle or optic nerves, invade 
the skull and cause thickened meninges, and form 
granuloma (Fig. 23.26).

 (c) In cicatricial stage, bone in nasal concha, nasal sep-
tum and medial wall of maxillary sinus have bone 

a b c

d e f

g h i

Fig. 23.26 Nasoantorbital Scleroma with Fungal Infection. A 59-year- 
old female patient. The patient suffers from toothache complicated with 
swelling pain on the left cheek for more than 2 years. Pathology shows 
acute and chronic inflammatory tissues of the left maxillary sinus and 
orbit, complicated with granulation tissue proliferation and fibrosis, and 
plenty of Aspergillus hyphae and spores can be seen. (a–f) Non- 
enhanced CT scan on soft tissue window indicates that the irregular soft 
tissue masses of left nasal cavity, left maxillary sinus and left orbit grew 

invasively, with heterogeneous density as well as patchy low-density 
necrotic area and high-density calcification area, and the left extraocu-
lar muscle is displaced by compression and partially infiltrated. (g–i) 
The scan on bone window shows extensive and erosive bone destruc-
tion in the medial wall of maxillary sinus, inferior wall, and medial wall 
of orbit, with neat stump edge complicated with sclerosis, and bone 
destruction and stump sclerosis coexisted
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destruction and disappearance, and nasal cavity is 
enlarged, with scattered cord-like shadows [3]; The 
maxillary sinus is filled with irregular soft tissue 
masses, the bone of the remaining sinus wall is sub-
ject to hyperostosis and sclerosis, the sinus is 
deformed and constricted, the nose is collapsed and 
deformed [1], and the soft tissue of ala nasi is thick-
ened significantly.

 3. MRI examination. It shows nonspecific mucosal thicken-
ing in early stage, which is difficult to differentiate. In the 
granulomatous stage, the signal intensity of lesion is 
higher than that of muscle, with heterogeneous hyperin-
tense on T2WI and isointense and slightly hyperintense 
on T1WI, which are characteristic manifestations [16]. 
The signal intensity decreases in cicatricial stage, espe-
cially on T2WI. Mild heterogeneous enhancement is indi-
cated by enhanced scan. The lesions do not develop 
synchronously, and the imaging manifestations in differ-
ent periods can overlap. It can invade orbital and intracra-
nial structures.

23.4.4  Key Points of Diagnosis

 1. Nodular thickening and sclerosis of perirhinal soft tissue 
and deformation of external nose.

 2. Multiple diffuse and solid soft tissue masses in paranasal 
sinus and nasal cavities, which are symmetrically and 
bilaterally distributed and involve adjacent paranasal 
sinus, larynx, pterygopalatine fossa, orbit, and intracra-
nial space.

 3. Deformity, atrophy, and destruction of nasal septum, mid-
dle and inferior nasal concha and sinus wall, osteosclero-
sis of stump and enlargement of nasal cavity.

 4. The tumors of nasal cavity and paranasal sinus are 
excluded.

 5. Serum C-ANCA is negative.

23.4.5  Differential Diagnosis

 1. Atrophic rhinitis. It is caused by multiple reasons, with 
clinical manifestations of nasal cavity dryness, narium, 
and free of epistaxis. Imaging features include widened 
nasal cavity, atrophy of mucosa, mainly including atro-
phy of inferior nasal concha, no solid soft tissue mass in 
most cases, no invasion to paranasal sinus and less 
involvement outside the respiratory tract.

 2. Wegener granulomatosis. It involves multiple systems, 
and the serum C-ANCA is positive. Ulcer and destruction 
progress slowly in the midline area of nasal cavity, exten-
sive soft tissue masses complicated with bone destruc-
tion, bone destruction and disappearance of nasal septum, 

nasal concha, hard palate and medial wall of maxillary 
sinus, nasal cavity expanded to form a larger hollow, sim-
ilar to postoperative changes of nasal cavity and parana-
sal sinus, and nasal dorsum collapses. It can involve 
larynx, orbit and intracranial space, and form soft tissue 
masses. All sequences of MRI show hypointense, and 
slightly hyperintense on T1WI for scleroma.

 3. Nasal lymphoma. The midline structures such as nasal 
septum and nasal concha are progressively destroyed in a 
short time, and soft tissue masses are formed in nasal cav-
ity, invading nasal vestibule and ala nasi. Diffuse lesions 
can cause swelling of maxillofacial soft tissue, which 
invades hard palate, alveolar bone, infratemporal fossa, 
pterygopalatine fossa and orbit, and often infiltrates the 
tissue space around maxillary sinus. Bone destruction is 
rare, and infiltrative destruction is found without osteo-
sclerosis. Clinical findings indicate that the disease is 
often complicated with systemic symptoms, such as hep-
atosplenomegaly and mild fever.

 4. Chronic invasive fungal rhinosinusitis. It easily involves 
orbital apex and cavernous sinus, with bone erosion, 
destruction and mild hyperostosis and osteosclerosis, 
with hyperintense on T1WI and hypointense on T2WI.

 5. Malignant tumor of paranasal sinus. It develops rapidly, 
forming irregular soft tissue masses and having infiltra-
tive growth, showing heterogeneous enhancement and 
severe bone destruction without osteosclerosis and 
remodeling.

23.4.6  Status Quo and Progress of Research

 1. The clinical manifestations in early stage are atypical and 
easy to be misdiagnosed. Patients often visit the doctor in 
nodular formation stage or cicatricial stage. The sus-
pected patients should be examined by biopsy, bacterial 
culture, and serum-specific antibody test in time.

 2. Pathology provides main bases of diagnosis, Mikulicz 
cells, and Russell corpuscles are the characteristic 
 manifestations, and it is necessary to take multiple sam-
ples to avoid missed diagnosis or misdiagnosis.

 3. Laboratory test of serum anti-Klebsiella rhinoscleromatis 
antibody can assist diagnosis, and immunoperoxidase has 
high sensitivity and specificity in identifying Klebsiella 
rhinoscleromatis isolated and cultured from pathological 
tissues or nasal secretions.

 4. Imaging examination is of great value in diagnosis, dif-
ferential diagnosis, and guiding clinical treatment of rhi-
noscleroma. CT is easy to indicate bone involvement, and 
it is the main imaging examination method for diagnos-
ing scleroma. MRI is easy to indicate the soft tissue inva-
sion scope of scleroma, and clearly shows imaging of 
changes in invasion to orbit and intracranial space. The 
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hyperintense on T1WI is a characteristic to some extent. 
The combination of CT and MRI can improve the diagno-
sis confidence of rhinoscleroma.

 5. With rare rhinoscleroma cases, there is a lack of relevant 
understanding from clinical findings to imaging, and lack 
of research and analysis of multimodal imaging examina-
tions, such as energy spectrum CT and perfusion 
imaging.

23.5  Rhinogenic Orbital Inflammation

23.5.1  Overview

Rhinosinusitis is the most common cause of orbital infec-
tion, accounting for 60–84% of all cases, which is mostly 
caused by ethmoiditis, followed by frontal sinus, maxillary 
sinus, and sphenoid sinus. Among children and adolescents, 
orbital infection is the most common complication of rhino-
sinusitis, and even the primary manifestation of pediatric rhi-
nosinusitis. Pathogens include staphylococcus, streptococcus, 
pneumococcus, pseudomonas, neisseria, haemophilus, and 
mycobacteria. The physiological bases of infection include 
the following aspects:

 1. The orbit is anatomically close to paranasal sinus, thus 
the sinus ostium obstructed is difficult to drain, and 
nerves vessels passing through some natural orifices are 
easy to cause cross-infection.

 2. The orbital papyraceous lamina is thin, the tension of 
paranasal sinus increases due to infection, and it is easy to 
penetrate and erode the orbital wall and cause orbital 
infection; The orbital periosteum is easy to form subperi-
osteal pus at the attachment of the sutura.

 3. There is communication between anterior ethmoidal 
artery and posterior ethmoidal artery. Valveless veins in 
paranasal sinus and pterygopalatine fossa converge into 
superior and inferior ophthalmic vein and then converge 
into cavernous sinus. There are many communicating 
anastomosis branches between blood supply arteries and 
drainage veins. Acute infection can spread and cause 
intraorbital cellulitis and cavernous sinus 
thrombophlebitis.

 4. Congenital dysplasia, surgery, and trauma also promote 
rhinogenic orbital infection to some extent.

 5. Orbital septum is the only soft tissue barrier between 
orbit and paranasal sinus, which is a barrier to prevent 
cellulitis anterior to the orbital septum from invasion to 
soft tissues posterior to the orbital septum.

The main clinical manifestations of orbital infection are 
local symptoms such as red, swelling, fever and pain of 
orbits and systemic inflammatory toxic symptoms. Chandler 

divided the orbital complications into five categories accord-
ing to their severity [21], which have a certain significance 
for the involvement scope and pathological process of the 
lesions. They are shown as below:

 1. Orbital inflammatory edema: The infection is confined to 
the area anterior to the orbital septum, showing red, 
swelling, fever and pain of eyelids, and congestion of bul-
bar conjunctiva.

 2. Cellulitis: Diffuse infection posterior to the orbital sep-
tum, proptosis, disorder of ocular movement, and diminu-
tion of vision.

 3. Subperiosteal abscess: rhinosinusitis involves the orbit 
through the orbital wall, and purulent substances accu-
mulate in the subperiosteal space, complicated with 
osteomyelitis and periostitis. It is mostly found in chil-
dren, and there are clinical symptoms of puffy, diplopia, 
proptosis, and even visual defects.

 4. Orbital abscess: it mostly manifests as the abscess of 
muscle cone, caused by extending subperiosteal abscess 
or localized cellulitis, resulting in proptosis and reduced 
movement.

 5. Ophthalmic venous thrombosis: acute cavernous sinus 
thrombophlebitis, paralysis of cranial nerves III-VI, reti-
nal venous congestion, and blindness caused by optic 
neuritis.

23.5.2  Pathology Findings

Acute suppurative inflammation of orbital soft tissue or infe-
rior to periosteum is caused by such pathogens as hemolytic 
streptococcus or staphylococcus aureus. When osteomyelitis 
occurs, orbital bone destruction and periosteal reaction can 
be found. In severe cases, it is complicated with cavernous 
sinus thrombophlebitis, meningitis, and subdural abscess.

23.5.3  Imaging Findings

 1. X-ray examination. Generally, X-ray plain film cannot 
show orbital lesions, it can occasionally show calcifica-
tion of abscess capsule or pneumatosis or liquid plane in 
abscess [3]. The primary inflammatory changes of frontal 
sinus, ethmoidal sinus, or maxillary sinus can be found, 
the air content of sinus decreases with the permeability. 
When osteomyelitis is formed in orbital wall and sinus 
wall, bone is subject to erosion and destruction, the den-
sity decreases, and contour is blurred. Obvious swelling 
of orbital soft tissue can be observed.

 2. CT examination. It indicates overlapping lesions in dif-
ferent stages, and it is difficult to differentiate them 
strictly. Intraorbital cellulitis and retrobulbar abscess con-
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tinue with each other, while subperiosteal abscess and 
retrobulbar cellulitis usually coexist [3].

 (a) Cellulitis anterior to orbital septum: increased diffuse 
density of soft tissue anterior to orbital septum, thick-
ening of conjunctiva, eyelid swelling, lacrimal gland 
enlargement, and mild or moderate enhancement. 
The primary inflammation of paranasal sinus shows 
sinus mucosal thickening with effusion, decreased air 
in sinus, and blurred sinus wall and septum 
(Figs. 23.27, 23.28, 23.29, 23.30 and 23.31).

 (b) Subperiosteal cellulitis and subperiosteal abscess: 
Periostitis manifests as layered high-density shad-
ows parallel to the orbital wall, the subperiosteal 
space expands, inflammatory exudation increases 
and accumulates, and further forms abscess, which 

manifests as wide basal hillock-shaped soft tissue 
eminence between orbital wall and extraocular 
muscles [21, 22]. Extraocular muscles are subject to 
compressive deviation, with clear or rough margins, 
homogeneous internal density, or heterogeneous 
density caused by liquefactive necrosis. Enhanced 
scan shows marginal enhancement. Axial scan 
shows clear subperiosteal abscess of medial wall 
caused by ethmoidal rhinosinusitis, and coronal 
scan clearly shows subperiosteal abscess of upper 
wall caused by frontal sinusitis. The complicated 
osteomyelitis manifests as heterogeneous decrease 
of bone density of orbital wall, local erosion and 
destruction forming defects and blurred cortex. In 
the chronic stage, the bone is subject to hyperostosis 

a b

c d

Fig. 23.27 Rhinogenic cellulitis anterior to orbital septum and sub-
periosteal abscess. A 4-year-old male patient. (a–d) Axial and coronal 
non-enhanced CT scan indicates heterogeneous mucosal thickening of 
the left maxillary sinus, and high-density shadows filled in the left eth-
moid cell. The left orbit is infiltrated and involved, and the fusiform 

high-density shadows are formed inferior to the periosteum of the 
medial wall, with clear contour. The left medial rectus is subject to 
compressive deviation and tortuous course. The left eyeball has slight 
proptosis, the left eyelid is thickened, and the density of shadows ante-
rior to orbital septum increases
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and sclerosis, and the periosteum is thickened and 
ossified (Figs. 23.27a–d, and 23.30d, e).

 (c) Intraorbital cellulitis and retrobulbar abscess: 
Bacteria invade periorbital and retrobulbar fat and 
cause orbital cellulitis and retrobulbar abscess, 
which often coexist. The margin of normal struc-
tures in orbit is unclear or disappeared, the density 
of adipose body of orbit increases, and floccus 
and patchy high- density shadows are found, with 
lightly low density, and the surrounding blood 
vessels are congested and dilated, forming cord-
like high-density shadows. Inflammation further 
develops to form a slightly low- density inflamma-
tory mass, the central pus is necrotic area with 
lower density, the space inside and outside the 
muscle cone is diffusely involved, and the extra-
ocular muscles is thickened and coarse. 
Neovascularization and granulation tissue around 
the lesion formed abscess wall, and enhanced 

examination shows irregular ring enhancement 
[22]. Air shadow can be formed by infection of 
aerobacter aerogenes (Fig. 23.31a and b).

 (d) Retrobulbar optic neuritis: The optic nerves have dif-
fuse thickening, blurred edge, mild enhancement by 
enhanced scan. It may lead to nerve atrophy in case 
of long duration of the disease [3].

 (e) Intracranial spread: cavernous sinus thrombosis man-
ifests as dilatation of cavernous sinus, thickening of 
superior ophthalmic vein, high-density of thrombus 
relative to cavernous sinus, filling defect shadows by 
enhanced scan [22], congestion and edema of extra-
ocular muscles. Meningeal thickening shows cere-
bral gyriform or linear enhancement, and brain 
parenchyma abscess has ring enhancement, periph-
eral brain tissue has obvious edema, and subdural 
abscess or epidural abscess also can be found. Fungal 
Infection can lead to fungal aneurysm and internal 
carotid artery ectasia (Fig. 23.32a–c).

a b

c d

Fig. 23.28 Rhinogenic abscess anterior to orbital septum. A 48-year- 
old female patient. Lacrimation of left eye for 7 days, and redness and 
pus discharge for 5 days, and yellow-white purulent secretion is dis-
charged from the left nasal cavity. (a–d) Axial, coronal, and sagittal 
non-enhanced CT scan shows that the left nasal cavity and half set of 

paranasal sinuses are filled with high-density shadows, the fat space 
anterior to the left orbital septum has diffuse swelling, with unclear 
margin, irregular lumpy abscess areas are formed in the medial and 
inferior parts, the center is not liquefied definitely, and the left lacrimal 
sac is involved
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 3. MRI examination. It shows that the cellulitis anterior to 
orbital septum manifests as eyelid swelling and thicken-
ing of eye ring, and heterogeneous and hyperintense on 
T2WI. Subperiosteal abscess shows fusiform hypointense 
on T1WI and hyperintense on T2WI with unclear margin. 
Intraorbital cellulitis manifests as unclear orbital struc-
ture, blurred orbital fat space, hypointense on T1WI and 
hyperintense on T2WI, while abscess manifests as a soft 
tissue mass with unclear margin, abscess wall is mainly 
composed of fibrous components, showing slightly 
hypointense on T1WI and hypointense on T2WI, central 
pus shows significantly hypointense on T1WI and hyper-
intense on T2WI, increased DWI signal, and extraocular 
muscle swelling shows hyperintense on T2WI. Retrobulbar 
optic neuritis shows thickening of optic nerve, heteroge-
neous increase of fat suppression imaging signal, widen-
ing of optic nerve sheath with effusion; Osteomyelitis 
shows that fat shadow in bone marrow cavity is replaced 
by hypointense inflammatory tissue. Enhanced examina-
tion: peripheral enhancement of subperiosteal abscess; 

Cellulitis shows extensive and irregular enhancement in 
orbit. Abscess shows heterogeneous ring enhancement, 
and the enhancement of central liquefactive necrosis area 
is unremarkable; The fat-suppressibly enhanced scan 
shows optic neuritis with mild to moderate enhancement. 
MRI should pay attention to secondary complications, 
such as thrombosed cavernous rhinosinusitis and menin-
gitis [22]. When venous thrombosis occurs, the signal 
intensities of the sequence increase and the cavernous 
sinus segment of internal carotid artery deforms. Fungal 
aneurysm is a severe complication of cavernous sinus 
thrombosis. In case of meningitis, both cerebral dura 
mater and cerebral pia mater can be enhanced (see 
Figs. 23.29b–f, 23.30a–c, 23.31d–f, and 23.34m).

23.5.4  Key Points of Diagnosis

 1. A clear history of paranasal sinus infection. It is common 
in children and has acute onset.

a b c

d e f

Fig. 23.29 Rhinogenic abscess anterior to orbital septum. A 10-month- 
old patient. (a) Non-enhanced CT scan indicates that the density of the 
right ethmoidal sinus increases, the medial rectus of the right orbit 
thickens, and the low-density abscess is formed in the space anterior to 
the orbital septum of the right orbit, without involving the ocular wall; 

(b and c) Non-enhanced MRI scan shows hypointense on T1WI and 
hyperintense on T2WI. (d–f) MRI enhanced scan indicates that the 
abscess wall has ring enhancement, the abscess wall is homogeneous, 
with unremarkable enhancement of central pus, and the periorbital cel-
lulitis also has heterogeneous enhancement
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 2. Local intraorbital inflammatory symptoms. Eyelid swell-
ing, proptosis with pain, and diminution of vision. It may 
be complicated with systemic infection and toxic 
symptoms.

 3. CT scan. It indicates that cellulitis shows diffuse inflam-
matory lesions, and the fat space in orbit is blurred, which 
can further develop to abscess, with soft tissue shadows 
of paranasal sinus. Subperiosteal abscess shows stripy or 
fusiform high-density shadows close to orbital wall, with 
relatively clear contour. Diffuse heterogeneous enhance-
ment of inflammatory tissue is shown by enhanced scan.

 4. MR scan. The pus shows hypointense on T1WI and sig-
nificantly hyperintense on T2WI, the abscess wall shows 
isointense or slightly hypointense on T2WI, and marked 
enhancement of the abscess wall ring by enhanced scan. 
The pus shows significantly hyperintense on DWI 
sequence.

 5. Laboratory test. The leukocytes increased significantly.

23.5.5  Differential Diagnosis

 1. Inflammatory pseudotumor. The CT manifestations are 
various, the diffuse inflammatory pseudotumor needs to 
be differentiated from intraorbital cellulitis. It can occur 
unilaterally, bilaterally, simultaneously or sequentially. 
Multiple structures in the orbit are involved, the struc-
tures in the orbit are replaced by desmoid tissues, the ret-
robulbar fat disappears, the diffuse irregular soft tissue 
density lesions are distributed from eyeball to orbital 
apex, the normal structures are covered and their borders 
are unclear, forming a “frozen orbit” [22], the optic nerves 
and extraocular muscles are thickened and enlarged with-
out deviation (muscle tendon and muscle belly are 
 generally thickened, medial rectus and superior rectus are 
mostly vulnerable), the ocular wall is diffusely thickened, 
eyelid is swollen, and lacrimal gland is enlarged with 
blurred margin. There is no distinctive lump and free of 

a b c

d e f

Fig. 23.30 Rhinogenic abscess anterior to orbital septum and subperi-
osteal abscess. A 1-month-old patient. (a–c) Non-enhanced MRI scan 
indicates mucosal thickening of bilateral ethmoidal sinuses and bilat-
eral maxillary sinuses, stripy slightly hypointense on T1WI, and hyper-
intense on T2WI in right orbital subperiosteal abscess and abscess 
anterior to orbital septum. These shadows are connected, and T2WI 
shows signal intensity slightly lower than that of vitreous body. (d) On 
the same day, non-enhanced CT scan indicates incomplete pneumatiza-
tion of maxillary sinus, increased density of bilateral maxillary sinuses 
and bilateral ethmoidal sinuses, infiltration of papyraceous lamina by 

inflammatory lesions of right ethmoidal sinus and formation of slightly 
high-density stripy shadows inferior to the medial wall of right orbit, 
increased density anterior to right orbital septum, slightly low density in 
central area and blurred subcutaneous fat. (e) On the sixth day, CT 
shows the disease progression, the formation of abscess anterior to 
orbital septum, and the development of subperiosteal abscess to diffuse 
cellulitis posterior to the orbit; (f) After 2  months of treatment, CT 
shows that rhinosinusitis has healed and rhinogenic intraorbital celluli-
tis subsides
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bone destruction. Reticular enhancement can be shown 
by enhanced scan.

MRI mainly shows extensive irregular lesions, retro-
bulbar fat replacement, and unremarkable deviation of 
optic nerves and ocular muscles. Because of the large 
amount of fibrous tissues, MRI examination shows isoin-

tense or hypointense on T1WI, hypointense on T2WI and 
proton density weighted, and the signal is heterogeneous. 
Inflammatory reaction area with hypointense on T1WI 
and hyperintense on T2WI can be seen posterior to the 
eyeball, which shows mild to marked enhancement by 
enhanced scan.

a b

c d

Fig. 23.31 Rhinogenic diffuse orbital abscess. A 5-year-old patient. 
(a–c) Non-enhanced CT scan on soft tissue window shows homoge-
neously increased density of right nasal cavity and half set of paranasal 
sinus, and inflammatory lesions infiltration involving the right orbit, 
high-density stripy shadows in the right orbital medial peripheral space, 
which is connected with inflammatory abscess in the space anterior to 

right orbital septum, and slightly low density in the central area. The 
right lacrimal gland is swollen and enlarged. The right eyeball is 
deformed and protruded by compression, and the extraocular muscles 
are thickened, displaced, and tortuous. The left maxillary sinus mucosa 
has slight and homogeneous thickening. (d), Scan on bone window 
indicates no distinctive bone destruction of sinus wall
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 2. Rhabdomyosarcoma. It is a common primary tumor in 
children, which manifests as soft tissue mass superior to 
the orbit posterior to the eyeball, with density similar to 

that of muscle and relatively homogeneous texture, and 
the necrosis density decreases heterogeneously in a few 
cases [3]. Infiltrative growth can invade optic nerve, 

a b c

d e f

g h i

Fig. 23.32 Meningitis secondary to aspergillus ethmoiditis, subperi-
osteal abscess with cavernous sinus syndrome at orbital apex. A 
41-year-old male patient. The patient had episodic headache for 
3 months, the right eyelid could not be lifted up for 1 month, and asper-
gillus infection occurred in the posterior area of the right optic nerve. 
(a–c) Tri-planar reformation non-enhanced CT scan indicates mixed- 
density soft tissue mass of ethmoidal sinus in the right posterior group, 
which shows punctate calcification, eroding adjacent eroded medial 
optic canal, and breaking through anterior cranial fossa to form a 
slightly low-density fusiform eminence; (d–f) Non-enhanced MRI scan 

indicates the lesion showing isointense on T1WI, heterogeneous signal 
(isointense and hypointense) on T2WI, and slightly hypointense on T2 
FlAIR sequence. (g–i) Multiplanar MRI enhanced scan shows irregular 
lace-like enhancement around the lesion, and unremarkable enhance-
ment in the central area, and fusiform annular wall enhanced abscess 
formed outside the dura mater of the anterior cranial fossa, involving 
the right orbital apex and cavernous sinus, and thickening and enhance-
ment of the adjacent meninges (Images courtesy of Wang Wensheng, 
Guangdong 999 Brain Hospital)
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extraocular muscles, skull and paranasal sinus, and some 
bone erosion and destruction are observed at orbital wall, 
without inflammatory symptoms, so anti-infection is 
ineffective.

 3. Leukemia. Childhood leukemia often invades the orbit 
and has rapid clinical progression. Extraocular muscles 
and optic nerves are thickened and kept in good shape. 
Granulocytic leukemia manifests as irregular soft tissue 

a b

c d

Lorem ipsum

Fig. 23.33 Rhinogenic brain abscess. A 47-year-old male patient. (a) 
The non-enhanced coronal scan of paranasal sinus shows that the left 
half set of paranasal sinuses are filled with high-density shadows, and 
the sinus wall is not damaged, indicating that there is no abnormal den-
sity area in the brain parenchyma; (b–d) After 20  days, the non- 
enhanced cranial CT scan on bone window indicates that fissure shadow 
is faintly visible in the posterior wall of frontal sinus. The brain window 
shows that the left frontal lobe and left basal ganglia are covered with 

large patchy low-density shadows, and the right frontal lobe is involved 
along the corpus callosum, with liquefactive necrosis area in the center. 
Considering the formation of abscess, the abscess wall shows annular 
slightly high-density shadows, with visible large patchy low-density 
edema belt around it, showing significant occupying effect. The left 
frontal gyrus is swollen, the corticomedullary differentiation is unclear, 
the sulcus becomes shallow and disappears, and the supratentorial ven-
tricle is deformed by compression
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masses posterior to the eyeball with homogeneous and 
isointense density, extensive moth-eaten bone destruction 
of skull base and orbital bone [22]. Radial spicules are 
found, and the signal intensity of marrow cavity decreases, 
which is mostly located in the orbital peripheral space in 
upper quadrant or subperiosteal space.

 4. Lymphoma. It has slow onset, shows infiltration and 
spreading from soft tissue anterior to orbital septum to 
retrobulbar structure, with clear margin and high and 
homogeneous density. MRI shows isointense on T1WI 
and slightly hyperintense on T2WI, and enhanced scan 
indicates homogeneous and moderate enhancement. 
Bone density and signal are normal, enlarged lymph 
nodes are found in the neck, which are sensitive to radio-
therapy [21].

 5. Wegener granulomatosis. It is a multi-system disease with 
multiple organs involved, including nasal cavity, orbit and 
lung. Multiple orbital structures can be involved, and both 
the inner and outer space of muscle cone are involved, dif-
fuse thickening of eye ring forms soft tissue mass with 
solid texture, homogeneous density, blurred edge, blurred 
fat space in orbit, enlarged lacrimal gland, thickened 
extraocular muscles and thickened optic nerve sheath, the 
mass can extend to orbital apex and involve cavernous 
sinus and pterygopalatine fossa. Meanwhile, the central 
structure of paranasal sinus is destroyed, and bilateral 
signs can be seen in the neoplastic bone formation.

 6. Non-infectious inflammatory lesions Non-specific patho-
gen can cause iriditis of ocular cornea, resulting in thick-
ening of eyeball wall, which can be complicated with 

Fig. 23.34 Odontogenic paranasal sinus infection and secondary 
osteomyelitis of the jaws and skull, meningitis and brain abscess, and 
multiple abscesses in orbital and maxillofacial spaces. A 68-year-old 
male patient History of diabetes. (a–c). Non-enhanced CT scan indi-
cates mucosal thickening of left frontal sinus, maxillary sinus, and 
bilateral ethmoidal sinuses. The fusiform vomica with slightly low den-
sity is formed inferior to the lateral periosteum of the left orbit. The soft 
tissues of the left pterygopalatine fossa and infratemporal fossa have 
swelling and the space is blurred. (d–f) CT on bone window shows that 
the left maxillary dental caries have residual roots, the space around the 
tooth roots widens, the density of alveolar process marrow cavity 
decreases heterogeneously, the bone in the posterolateral wall of the left 
maxillary sinus and the left pterygoid process of sphenoid bone is dam-
aged and partially incomplete, and the density of bone marrow cavity of 
the left great wing of sphenoid bone decreases with blurred edges, 
showing manifestations as multiple osteomyelitis. (g–l) Non-enhanced 
MRI scan shows decreased signal intensity on T2WI and T1WI for alve-
olar process of left maxilla, thickening of peripheral soft tissue, and 
marginal bone erosion in left ascending ramus of mandible. The hyper-
intense of the left great wing of sphenoid bone and the lateral wall dip-
loe of the left orbit disappear, and the bone cortex is blurred. Liquid 
hypointense on T1WI and hyperintense on T2WI are found in the left 

orbital peripheral space in upper quadrant and space anterior to orbital 
septum, and the wall is thickened homogeneously. There are multiple 
quasi-circular hypointense on T1WI and hyperintense on T2WI in the 
left temporal lobe, and a slightly hypointense ring on T2WI is found 
around the lesion. The left sigmoid sinus is widened and irregular in 
shape. The sinus of left temporal mastoid bone is turbid, and the mas-
toid cell is filled with liquid signal shadows. The muscles of the left 
maxillofacial region are diffusely swollen, and the level of intermuscu-
lar space is unclear. (m–r) Enhanced MRI shows that the alveolar pro-
cess of the left maxilla, the left great wing of sphenoid bone, and the 
lateral wall of the left orbit are enhanced heterogeneously, and the 
abscess of the left orbit has thin-walled ring enhancement. The abscess 
wall of the left temporal lobe formed, showing homogeneous thin- 
walled ring enhancement. The left temporal meninges were thickened 
and enhanced in a curved shape. By enhanced scan of the left sigmoid 
sinus, the contrast agent is not filled completely, showing hypointense 
filling defect shadows. The mucosal thickening of paranasal sinus 
shows irregular lace-like enhancement, but the enhancement of pus in 
the center of left frontal sinus is unremarkable. The left head and neck 
space show diffuse and heterogeneous enhancement, and the formation 
of irregular low-enhanced necrotic abscess is found locally
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Fig. 23.34 (continued)
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choroidal detachment, and ring enhancement is found by 
enhanced scan. Hormone therapy is effective, and imag-
ing shows no characteristic manifestation.

23.5.6  Status Quo and Progress of Research

 1. For orbital infectious lesion, the conventional CT exami-
nation can solve most clinical problems, and can directly 
show orbital wall destruction caused by the spread of 
rhinosinusitis.

 2. Non-enhanced MRI scan and enhanced scan are the best 
imaging examination methods for diagnosing orbital 
infection, with high resolution of soft tissues, showing 
clear involvement of orbital structures, and the enhanced 
MRI directly shows the intracranial spread involving 
orbital apex, cavernous sinus, and meninges. MRI scan 
provides multi-directional and multi-sequence 
examination.

 3. Orbital abscess has diffusion limitation and enhanced 
DWI signal, which can differentiate neoplastic lesions 
and judge the location and scope of lesions.

23.6  Rhinogenic Brain Abscess

23.6.1  Overview

Rhinogenic brain abscess is the most severe manifestation of 
rhinogenic intracranial complications, which can be found at 
any age, mostly in young and middle-aged people. Generally, 
it is caused by purulent bacterial infection of paranasal sinus 
and directly expands through valveless emissary vein at the 
skull base. Common pathogens of suppurative encephalitis 
include meningococcus, staphylococcus, bacillus influenzae, 
streptococcus pneumoniae, Escherichia coli, proteus, pseu-
domonas aeruginosa [23], and patients are subject to mixed 
infections in most cases. One or more complications may 
occur. Thrombophlebitis spreads to the skull and causes cav-
ernous sinus thrombosis, and spreads to brain parenchyma to 
form purulent encephalitis and brain abscess, and meningeal 
involvement causes meningitis, subdural abscess and epi-
dural abscess [24]. Fungal brain abscess is mostly found in 
patients with low immunity. Chronic invasive fungal infec-
tion and acute fulminant infection are easy to cause 
 intracranial involvement. Most of the pathogens are 
Aspergillus and Mucor. Besides fungal granuloma in brain 
parenchyma, fungal aneurysm of internal carotid artery can 
also be formed.

The location of rhinogenic brain abscess is closely associ-
ated with the infection route, which is mostly secondary to 
frontal sinusitis, and it also can be secondary to maxillary 
sinusitis, sphenoid sinusitis, and ethmoidal sinusitis in rare 

cases, accounting for 10–20% of all patients with brain 
abscess. Rhinogenic brain abscesses mainly manifest as 
abscesses caused by frontal sinusitis in prefrontal part and 
orbital surface, followed by temporal lobe [23]. Biological 
behavior determines the spread and severity of infection. 
Abscess can be solitary or multiple. Abscesses are varied in 
shape and size, they can appear as round, oval, botryoidal, 
irregular and multilocular masses.

According to its development stages, brain abscess shows 
three clinical symptoms: in the stage of acute encephalitis, 
there are basic symptoms of rhinosinusitis, such as nasal 
obstruction, purulent nasal discharge and hyposmia, or acute 
systemic infection, such as fever; The main clinical manifes-
tations in brain abscess formation stage are headache, vomit-
ing, neck rigidity, optic disc edema, and other intracranial 
hypertension symptoms; Focal symptoms of brain are related 
to the location of abscess, which may show hemiplegia, 
hemianopia, aphasia, epilepsy and so on. Laboratory test 
shows that count of leukocytes increases and erythrocyte 
sedimentation rate increases rapidly.

23.6.2  Pathology Findings

The occurrence and development of suppurative encephalitis 
and brain abscess are combined as a continuous process, 
which cannot be definitely staged, but it can be divided into 
four stages according to different pathological manifesta-
tions [24].

 1. The stage of localized encephalitis and meningitis. It lasts 
for 3–5 days, with congestion and edema of brain tissue, 
inflammatory cell infiltration, infiltration of multinucle-
ated giant cells around blood vessels, gradual malacia and 
necrosis of the central lesion of encephalitis, and many 
small liquefaction areas. Inflammatory embolism of 
venules may show focal hemorrhage. Pathogenic micro-
organisms can be detected. Meningitis inflammatory 
reaction can be detected from superficial focus.

 2. Purulent necrosis stage. It lasts for 4–10 days, and mul-
tiple necrotic and liquefied areas of encephalitis integrate 
into a large localized abscess, which may form multilocu-
lar brain abscesses by septa, with plenty of neutrophils, 
macrophages, and fibroblasts infiltration, with surround-
ing neovascularization and plenty of connective tissues 
proliferation, forming irregular inflammatory granulation 
tissues and adjacent gliosis.

 3. Capsule formation. It often lasts for 1–2 weeks, the cen-
ter of abscess has liquefactive necrosis, and granulation 
tissue, fibrillar connective tissue and neuroglia cells 
around the abscess proliferate to form abscess capsule.

 4. Advanced stage of capsule. The abscess capsule is formed 
completely after 3–4  weeks or several months, and the 
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speed of capsule formation depends on the type and tox-
icity of pathogens, the immunity and the response to anti-
biotic treatment. The central vomica is reduced, the outer 
layer is thick wall formed by the proliferation of collagen 
and fibroblasts, and the innermost layer is suppurative 
effusion, granulation tissue and glial cells, plenty of new 
vessels, and neutrophil infiltration. The middle layer is 
composed of plenty of collagen fibers; The outer layer 
shows gliosis, brain edema, increased blood vessels and 
leukocyte infiltration. Meningitis manifests as congestion 
and edema of meninges, increased exudation of polymor-
phonuclear leukocytes and fibrin, inflammatory frag-
ments in purulent cerebrospinal fluid sediments, 
congestion of ependyma, and choroid plexus. If the dura-
tion of disease is prolonged, it may cause collagenous 
fibrosis of meninges, adhesion of leptomeninges, and 
hydrocephalus due to ventricular obstruction. 
Cerebrospinal fluid shows increased protein and 
decreased glucose.

23.6.3  Imaging Findings

Intracranial infection can manifest as encephalitis, brain 
abscess, meningitis, ventriculitis, subdural empyema, vascu-
litis, arterial and venous cerebral infarction. Different infec-
tion routes and occurrence stages correspond to different 
imaging manifestations.

 1. X-ray examination. X-ray plain films are insufficient for 
diagnosis of the disease in most cases. It shows inflam-
matory changes of frontal sinus, ethmoidal sinus or max-
illary sinus are, occasional pneumatosis or liquid plane in 
abscess, and capsule calcification of chronic brain 
abscess.

 2. CT examination.
 (a) Encephalitis and brain abscess, which is essentially 

intracranial focal pyogenic infection, show different 
CT manifestations due to different durations of 
disease.
• Early stage of encephalitis: focal low-density 

focus with irregular shape and unclear margin at 
the subcortical/corticobulbar junction, which 
shows no enhancement or patchy and gyrus mild 
enhancement by enhanced scan.

• Encephalitis in advanced stage: Encephalitis con-
tinues developing, the lesion center has necrosis 
and malacia, and gradually merges into a local-
ized low-density area, and irregular and  incomplete 
ring enhancement is shown around the area by 
enhanced scan [25]. The edema of peripheral 
brain tissue is obvious, the occupying effect is 
obvious, the gyrus is swollen, and the adjacent 

sulcus, fissure, cistern and ventricle are con-
stricted, displaced or even disappeared by 
compression.

• Early stage of capsule: necrotic tissue and inflam-
matory debris form a liquid density vomica, and 
the air-fluid level is found in rare cases with air 
abscess; surrounding complete or incomplete, 
regular or irregular slightly high-density fibrous 
capsule layer (Fig.  23.33). Enhanced scan indi-
cates unremarkable enhancement of pus, complete 
but irregular mild ring enhancement of abscess 
wall, thick or thin annular wall, with blurred lat-
eral wall border. After the abscess wall matures, a 
complete and homogeneous thin-walled enhance-
ment ring is formed [25]. Compared with enceph-
alitis, peripheral vasogenic brain edema is 
relieved, thus the occupying effect is relieved.

• Capsule in advanced stage: After medical treat-
ment or surgical aspiration treatment, the cavity of 
brain abscess collapses and contracts, the abscess 
decreases gradually, with density slightly higher 
than that of cerebrospinal fluid, the fibrous cap-
sule is thickened, and the capsule wall is complete 
and smooth in ring shape or oval shape, with 
slightly high density, or is irregular. Enhanced 
scan shows marked enhancement, and ring 
enhancement can last for weeks to months and is 
gradually weakened or disappeared with time. 
Brain edema relieves and subsides.

 (b) Meningitis: the meninges are asymmetrically thick-
ened with smooth appearance, the fissures and sulcus 
are shallow and fuzzy, the remodeling in high- density 
is found, the margin of gray matter is unclear, and 
enhancement is found by enhanced scan.

 (c) Ventriculitis: The pressure in the abscess is too high, 
resulting in local rupture of weak area of the abscess 
wall. If the abscess breaks into the ventricle, it will 
form a ventricular abscess, and high-density frag-
ments will appear in the ventricle to form a liquid- 
liquid plane, and the ependyma will be thickened and 
enhanced. About half of the cases have cerebral 
hemispheric abscess complicated with dilatation to 
contralateral ventricle, while cerebellar abscess is 
often complicated with dilatation of contralateral 
ventricle and third ventricle.

 (d) Intracranial empyema: Epidural empyema and sub-
dural empyema are located supratentorially, between 
the inner plate of calvaria and the brain parenchyma 
adjacent to the paranasal sinus with lesion, and a 
small part of subdural empyema is located beside the 
cerebral falx, with fusiform, stripy or crescent-shaped 
low-density liquid collection and marginal enhance-
ment [24, 26].

S. Xia et al.



241

 (e) Primary lesion of paranasal sinus: the cavities of 
frontal sinus, ethmoidal sinus, and sphenoid sinus are 
full of inflammatory exudative lesions, and the poste-
rior wall of frontal sinus, ethmoid plate and sphenoid 
sinus wall are partially ruptured or local osteomyeli-
tis is caused (Fig. 23.34a–f).

 3. MRI examination.
 (a) Encephalitis and brain abscess.

• Early stage of encephalitis: It shows irregular 
isointense or slightly hypointense on T1WI at the 
corticomedullary differentiation, while central 
inflammation, peripheral vasogenic edema, and 
accompanying infarction show hyperintense on 
T2WI, with significant occupying effect. After Gd- 
DTPA enhanced scan, most of them show no 
enhancement, and a few of them show patchy or 
heterogeneous enhancement.

• Encephalitis in advanced stage: Inflammatory 
necrotic areas integrate together and form local-
ized abscesses, with center showing hypointense 
on T1WI, hyperintense on T2WI, and its periphery 
can show thin and irregular annular focus, show-
ing isointense to slightly hyperintense on T1WI, 
and isointense or slightly hypointense on 
T2WI. Encephalitis and brain abscess have diffu-
sion limitation, DWI signal intensity increases 
and ADC value decreases. Irregular and discon-
tinuous ring enhancement is found by enhanced 
scan. In this stage, the peripheral vasculitis edema 
is the most significant, with a wide range of 
hypointense on T1WI and finger-sheath edema 
belts with hyperintense on T2WI. The normal con-
trast between gray matter and white matter disap-
pears, the gyrus swells, the sulcus and fissure 
shallow and disappear, the ventricles are deformed 
by compression, and the midline structure dis-
places to the contralateral side.

• Capsule formation stage: The sign of brain abscess 
formation is the appearance of abscess wall. The 
paramagnetic substances of collagen and reticular 
protein, focal hemorrhage, macrophage phagocy-
tosis of free radicals in abscess wall shorten the 
relaxation time of local T1WI and T2WI.  White 
matter shows annular isointense on T1WI and 
slightly hypointense dark belt on T2WI. The wall 
thickness of abscess is homogeneous, and the 
medial wall is smooth without nodules. Thin and 
homogeneous enhancement ring is found by 
enhanced scan, with clear and complete border. 
The pus in the vomica shows hyperintense on 
T2WI and hypointense on T1WI that is slightly 
higher than that of cerebrospinal fluid. There is a 
lot of protein and cellular components in pus, and 

the increase of viscosity results in diffusion limi-
tation of water molecules. DWI sequence shows 
significantly hyperintense and ADC value 
decreases. SWI shows double-ring sign [26], with 
hypointense of outer ring and hyperintense of 
inner ring. Perifocal edema is relieved. The 
abscess wall rupture can form “sub-abscess” in 
the surrounding parenchyma, showing small nod-
ular enhancement on the adjacent level. The mul-
tilocular abscess manifests as multiple connected 
enhancement rings (Fig. 23.34g, j, m and r).

• Capsule in advanced stage: peripheral abscess 
wall is thickened, deep brain abscess wall is 
thinner than abscess wall proximal to cortex, T2 
hypointense gradually fades, enhancement 
decreases, central vomica contracts, ADC value 
increases. The pus shows hyperintense on DWI 
and relatively low MD value. MRS imaging: 
Creatine, N-acetyl aspartate and choline in 
abscess area decrease, and anaerobic glycolysis 
increases around the abscess area, showing 
peaks of acetate, lactate, alanine, succinic acid, 
pyruvic acid, and amino acids [26]. PWI or 
3D-ASL perfusion imaging: During abscess 
wall formation, rCBV has little change, and 
rCBV in cyst decreases [24].

 (b) Meningitis: Inflammatory exudation causes hyperin-
tense of T2 FLAIR sequence in sulcus, fissure and 
cerebral cistern, especially in frontotemporal sulcus 
and basal cistern. By enhanced scan, the pia mater 
shows linear or gyriform enhancement, the thickened 
cerebral dura mater shows stripy enhancement, and 
the effusion has irregular enhancement. The T2 
FLAIR sequence with delayed enhancement is most 
sensitive to meningitis [26] (Figs.  23.32g–i, and 
23.34m, n, q, r).

 (c) Ventriculitis: hydrocephalus dilation, with stratifica-
tion in the ventricle, hyperintense of FLAIR 
sequence, with diffusion limitation, decreased ADC, 
ependymal thickening, and linear enhancement along 
the wall of ventricle. In the chronic stage, ventricular 
abscess formed inflammatory septa and small 
hollows.

 (d) Intracranial effusion and empyema: fusiform, stripy 
shadows or crescent-shaped pus accumulation in 
the epidural or subdural spaces [24], showing 
slightly hypointense on T1WI, hyperintense on 
T2WI, hyperintense on FLAIR relative to that of 
cerebrospinal fluid, hyperintense on DWI during 
empyema, linear hypointense of cerebral dura 
mater and deviation by compression. Peripheral 
inflammation and granulation tissue show marked 
enhancement (Fig. 23.32g–i).
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 (e) Other secondary changes: Fungal encephalitis can 
cause vasculitis, which manifests as abnormal T2WI 
hyperintense shadow coursing along the blood ves-
sels, and linear enhancement by enhanced scan. In 
the hyperintense area of DWI distributed along the 
blood vessels of secondary arterial cerebral infarc-
tion, artery stenosis or fungal aneurysm can be found 
by MRA.  Secondary venous cerebral infarction is 
mostly located in the cerebral surface cortex. The 
hemorrhagic infarction shows hyperintense on T1WI 
and hypointense on SWI, which is a “blooming 
effect.” Magnetic resonance venography (MRV) can 
show venous sinus or cortical venous thrombosis, 
and enhanced scan shows the “empty triangle sign” 
(Fig. 23.34k and n).

 4. PET. The uptake of 18F-FDG and 11C- methionine 
increased by brain abscess.

23.6.4  Key Points of Diagnosis

 1. Nasal cavity and rhinosinusitis, exudate or soft tissue 
shadows. Headache, fever, and other systemic symptoms 
and meningeal irritation sign. Leukocytes increase sig-
nificantly, and related pathogens can be detected from 
cerebrospinal fluid.

 2. Different infection forms of encephalitis, brain abscess, 
meningitis, ventriculitis, and intracranial empyema can 
exist independently or simultaneously. Brain abscess has 
different imaging manifestations in different develop-
ment periods. Encephalitis can cause secondary vasculi-
tis, arterial cerebral infarction, venous cerebral infarction, 
hydrocephalus, and other complications.

 3. CT scan shows the vomica of brain parenchyma has low 
density, the abscess wall shows isointense or slightly 
hyperintense density, the typical abscess wall shows 
homogeneously thin-walled marked ring enhancement, 
and the peripheral edema is obvious.

 4. On MR scanning, the pus shows hypointense on T1WI 
and hyperintense on T2WI, and the abscess wall shows 
annular hypointense on T2WI, surrounded by hyperin-
tense edema belt. Encephalitis shows patchy enhance-
ment in the early stage, irregular enhancement in abscess 
formation stage, smooth and complete thin-walled ring 
enhancement in capsule formation stage, and weakened 
enhancement in advanced stage of capsule. Meningeal 
thickening and linear enhancement. Marked ring enhance-
ment with diffusion limitation is a typical manifestation 
of brain abscess.

 5. Meningeal and ependymal thickening, linear enhance-
ment, with hydrocephalus.

 6. Intracranial empyema is located in the epidural or subdu-
ral space, showing fusiform or crescent-shaped changes, 
complicated with peripheral enhancement, limited DWI, 
and deviation of cerebral dura mater.

23.6.5  Differential Diagnosis

 1. Cerebral cysticercosis. It often shows multiple cystic 
lesions. The scolex of eccentric growth can be found in 
the cystic cavity. Calcification often occurs in the scolex. 
The edema around the lesions is relatively mild. 
Cysticercosis necrosis shows enhancement of the scolex 
or mild ring enhancement.

 2. High-grade astrocytomas. They are usually located in 
deep white matter, and often complicated with cystic 
degeneration, necrosis, and hemorrhage. Tumors show 
heterogeneous ring enhancement in thickness, irregular 
shape (lobulated or nodular shape), tumor with liquefac-
tive necrosis, DWI generally shows hypointense, and 
relatively high-grade tumors show hyperintense in solid 
area. Choline peak on MRS spectrum increases.

 3. Brain metastatic tumor. The metastatic tumor often 
occurs in middle-aged and elderly patients, and most of 
them have a history of primary malignant tumors. 
Generally, it shows multiple nodules complicated with 
significant brain edema, which is prone to necrosis and 
cystic degeneration. There are various ways of enhance-
ment. The thickness of the cystic wall of some lesions 
with ring enhancement is heterogeneous, the medial wall 
is not complete and smooth, and mural nodules can be 
found. Most of the brain metastatic tumors show hypoin-
tense on DWI, the metastatic tumor showing hyperintense 
is rare.

 4. Intracerebral hematoma in evolution stage. The absorp-
tion period of intracerebral hematoma covers history of 
trauma and cerebrovascular disease. In hematoma absorp-
tion, it is bean-shaped or kidney-shaped. CT scan shows 
high-density center of hematoma, the low-density periph-
ery, and the peripheral thin layer with homogeneous cap-
sule enhancement. MRI follows the signal evolution law 
of blood products in different periods.

 5. Demyelinating pseudotumor. It may show ring enhance-
ment in case of multiple sclerosis and during active stage 
of ADEM. The enhancement ring is usually incomplete 
and the occupying effect is mild.

 6. Subacute cerebral infarction.  The history of stroke, 
combined with the distribution of cerebral vessels, show-
ing as gyriform enhancement by enhanced scan.

 7. Meningeal tumor. Meningitis needs to be differentiated 
from metastatic tumor, cerebrospinal fluid implantation, 
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and metastasis of malignant central nervous system 
tumor, sarcoidosis, meningioma, RDD, and other tumor-
ous diseases. Most meningeal neoplastic diseases show 
diffuse nodular enhancement, and most of them have a 
clear history of primary tumors.

 8. Tubercular meningitis. The basal cistern and lateral fis-
sure cistern are occluded, with increased density, the 
meninges of basal cistern are calcified in advanced stage, 
showing high-density tuberculoma, and obstructive 
hydrocephalus is common.

 9. Subdural hematoma. Intracranial empyema needs to be 
differentiated from chronic subdural hematoma. MRI can 
show blood products. It is helpful to ask about medical 
history, auxiliary signs of fracture or rhinosinusitis for 
differential diagnosis.

23.6.6  Status Quo and Progress of Research

 1. In clinical practice, non-enhanced MRI scan and enhanced 
scan are still the most routine imaging examination meth-
ods. Delayed T2 FLAIR enhancement is more sensitive to 
meningitis and ependymatis than conventional T1WI 
enhancement [26], and it is easier to highlight inflamma-
tory lesions of meninges and brain tissues.

 2. DWI is of great value in judging intracranial inflamma-
tory lesions. DWI signal intensity increases and ADC 
value decreases, which is helpful to differentiate brain 
abscess from other neoplastic lesions. DWI is suitable for 
judging the location, nature, and scope of lesions, and it is 
easier to find complications such as disseminated sub- 
lesions. Moreover, DWI signal changes can also provide 
important information for the diagnosis of abscess 
staging.

 3. Brain perfusion imaging (e.g., PWI and ASL) are often 
used to differentiate abscess from cystic tumor. Malignant 
brain tumors are rich in blood vessels, and break the 
blood–brain barrier, and have blood volume significantly 
higher than that of the abscess wall composed of collagen 
fibers.

 4. SWI double-ring sign (hypointense of outer ring and 
hyperintense of inner ring) is helpful to differentiate it 
from other lesions with ring enhancement [26].

 5. MRS can be used as an important supplementary imaging 
examination method to differentiate different metabo-
lites. The anaerobic glycolysis of inflammatory lesions 
increases, the peak of lactate increases, and the peaks of 
acetic acid and succinic acid can appear. There are char-
acteristic amino acid peaks in proteolysis of pus[25]. The 
liquefactive necrosis area lacks normal brain tissue 
metabolites, and NAA, Cho, and Cr peaks decrease or 
disappear.

23.7  Invasive Fungal Rhinosinusitis

23.7.1  Overview

Invasive fungal rhinosinusitis (IFRS) means the fungal 
hyphae invade the mucosa, submucosal blood vessels and 
bone of paranasal sinus, which often destroys the adjacent 
tissues and structures, involving multiple organs such as 
nose, orbit, and brain, with poor treatment effect and unfa-
vorable prognosis. Most of the pathogens causing invasive 
fungal rhinosinusitis are aspergillus, followed by mucor, the 
disease mostly occurs in the paranasal sinus with poor drain-
age, and most of them are found in the maxillary sinus, fol-
lowed by the sphenoid sinus and ethmoidal sinus. The 
disease occurs unilaterally in most cases, and can occur 
bilaterally [5]. Clinical findings indicate that it mostly occurs 
on the basis of chronic purulent rhinosinusitis and nasal pol-
yps. Patients with low immunity (with diabetes and tumor) 
and treated with broad-spectrum antibiotics, chemotherapy, 
radiotherapy, adrenocortical corticoid, immunosuppressive 
agent, and patients undergoing intravenous intubation are at 
high risk of invasive aspergillosis. The aspergillosis lesions 
are relatively mild and limited, and most of them have 
chronic onset and are easily misdiagnosed as malignant 
tumors. They can be divided into chronic painless type and 
granuloma. Aspergillus infection is uncommon in patients 
with acquired immunodeficiency syndrome (AIDS), but the 
total mortality rate is 79%, which is worth heeding [6].

23.7.2  Pathology Findings

Invasive fungi can invade mucosal tunica intima and cause 
thromboarteritis; invade paranasal sinus mucosa and submu-
cosal bone and cause bone wall necrosis, and sinus wall 
osteosclerosis and destruction coexist. Inflammatory granu-
lation tissue in paranasal sinus grows slowly and continu-
ously, destroying the bone of sinus wall and perisinusoidal 
tissues. Bloody pus, granulation tissue, necrotic tissue, and 
caseous tissue coexist in the lesion, which are similar to 
malignant tumor.

23.7.3  Imaging Findings

 1. X-ray examination. The chronic invasive fungal rhinosi-
nusitis is often limited to a single sinus. Plain film usually 
shows nasal soft tissue shadows, calcification, enlarge-
ment of nasal concha, floccus turbidity of one or more 
sinus cavities, heterogeneous annular mucosal thicken-
ing, no air-fluid level, destruction of sinus wall in the pro-
gressive stage, and involvement of nasal septum. Thus, it 
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is necessary to differentiate malignant tumors of parana-
sal sinus.

 2. CT examination.  It is common in maxillary sinus, 
followed by ethmoidal sinus and sphenoid sinus [3]. In 
the early stage, only non-specific mucosal thickening is 
found. In the progressive stage, soft tissue mass with het-
erogeneous density is found in the sinus, rare internal cal-
cification, the mass expanding to the adjacent paranasal 
sinus and nasal cavity, coexisting bone destruction, pro-
liferation and sclerosis of the sinus wall, forming a large 
bony defect, invasion to fat space around the sinus, result-
ing in increased density and further affecting pterygopal-
atine fossa, infratemporal fossa, orbit and intracranial 
structures, orbital wall, and skull subject to erosion and 
destruction, thickening of orbital soft tissues, involving 
extraocular muscles and optic nerve, and proptosis by 
compression (Figs. 23.35, 23.36a, 23.10a–c, and 23.11a).

 3. MRI examination. As paramagnetic substances and mucin 
content affect magnetic resonance signals, it mostly 
shows isointense on T1WI, heterogeneous and large 
patchy hypointense on T2WI, with good performance in 
showing nerve invasion. Chronic invasive fungal rhinosi-
nusitis often causes orbital apex cavernous sinus syn-
drome [27], in which the optic canal is invaded, the 

cavernous sinus is widened, the soft tissue mass shows 
heterogeneous enhancement by enhanced scan, the 
involved meninges are thickened with linear enhance-
ment, the cavernous sinus segment of the internal carotid 
artery is subject to compressive deviation, and the blood 
vessels become thinner (see Figs.  23.36b–d, 23.10d–i, 
and 23.11b–i).

23.7.4  Key Points of Diagnosis

 1. With the increasing incidence of diabetes and malignant 
tumor, the wide application of broad-spectrum antibiot-
ics, chemotherapy, radiotherapy, adrenocortical corticoid 
and immunosuppressive agent in clinical practice, and the 
development of intravenous intubation technology, the 
incidence rate of invasive fungal rhinosinusitis increases, 
but it is easily ignored clinically because of its occult 
onset.

 2. On a non-enhanced CT scan, the nasal cavity and parana-
sal sinus show multiple cotton-wool, filled solid lesions 
with increased central density, complicated with charac-
teristic imaging manifestations of multiform calcification 
or ground-glass density shadows.

a b c
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Fig. 23.35 Chronic invasive aspergillus rhinosinusitis of sphenoid 
sinus (1). A 57-year-old male patient. He was admitted to hospital due 
to headache for 1 year. (a–f) Non-enhanced CT scan indicates expan-
sive dilatation of sphenoid sinus, soft tissue mass with stripy calcifica-
tion in the mass, which invades the sella turcica upwards, local bone 

defect at the bottom of the sella turcica, protruding forward into the 
posterior ethmoidal sinus, and pressing the left bulbus caroticus back-
ward, the corresponding eroded and destroyed bone wall forming a 
bony defect, without sclerotic margin
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 3. Non-enhanced MR scan shows hypointense or isointense 
on T1WI, extremely hypointense on T2WI, without solid 
enhancement, and can show marginal mucosa 
enhancement.

 4. Chronic invasive aspergillosis manifests as rapid progres-
sive erosion and destruction of bone, and extensive inva-
sion to adjacent structures such as orbit, skull, and 
pterygopalatine fossa.

23.7.5  Differential Diagnosis

 1. Chronic rhinosinusitis. It has a high incidence and a long 
duration. It commonly shows mucosal thickening and 
dense secretion of multiple sinus cavities. Calcification is 

rare, and calcification or ossification is less than 3% of all 
cases. Calcification is often located around the lesion and 
punctate and linear calcification is found along the sinus 
wall, and the sinus wall has osteosclerosis.

 2. Inverting papilloma. It is a benign nasal tumor common 
in elderly men, which originates from the lateral wall of 
nasal cavity. Irregular lobulated high-density masses are 
found in the middle nasal meatus of nasal cavity, the sur-
face is not smooth, and “bubble sign” is found in the 
masses, calcification is found in about 10%, and invagi-
nated bone fragments are found in 40% of cases. The 
maxillary sinus shows isointense on T1WI and hyperin-
tense on T2WI by MR.  By T2WI and enhanced T1WI, 
convoluted gyrus structures can extend to maxillary sinus, 
ethmoidal sinus, and nasopharynx, which can cause local 

a b

c d

Fig. 23.36 Chronic invasive aspergillus rhinosinusitis of sphenoid 
sinus (2). A 46-year-old male patient. He was admitted to hospital due 
to headache for half a year. (a) Non-enhanced CT scan indicates that the 
sphenoid sinus is full of soft tissue shadows, which invades the sella 
turcica upwards, with local bone defect at the bottom of the sella tur-

cica; (b) MRI shows that the soft tissue signal shadow in sphenoid sinus 
protrudes upward into sella turcica, and the margin with bilateral inter-
nal carotid arteries is unclear; (c and d) MRI enhanced scan indicates 
that the soft tissue signal shadow in sphenoid sinus shows marked and 
heterogeneous enhancement by enhanced scan
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bone deformation, nasal septum deviation, bone absorp-
tion and destruction, and obstruction inflammation of 
unilateral nasal meatus of nasal cavity.

 3. Hemorrhagic necrotic nasal polyp.  Heterogeneous 
density of sinus, low-density inflammatory necrosis, and 
high-density hemorrhage appearing in a mixed way, [3] 
with mild enhancement by enhanced scan, enlargement 
and deformation of sinus, thinning of local bone due to 
absorption, difficulty in differentiating hemorrhage from 
calcification by CT, significant value of differentiating by 
MRI, hypointense of each sequence of calcification, and 
hypointense of fungal rhinosinusitis mostly located in the 
lesion center. Hemorrhage may show increased signal on 
T1WI, and most of hemorrhagic necrotic nasal polyps 
show marginal hypointense ring on T2WI.

 4. Mucous cyst. It is common in single nasal cavity, espe-
cially in frontal sinus and sphenoid sinus. The sinus 
expands and is filled with a large amount of mucus. 
Mucin content affects CT density and MRI signal of cyst 
[27]. The imaging features are variable. Most lesions 
show low- or iso-density shadow, with hypointense on 
T1WI and hyperintense on T2WI. When mucin content is 
high, the density increases and T2WI signal intensity 
decreases. T1WI signal goes through a process from low 
to high and then to low. The sinus wall becomes thinner 
and is subject to compressive deviation.

 5. Nasal cavity melanoma. The lesion is common in the 
elderly and presents multiple infiltrative growth. On CT, 
it appears as an irregular soft tissue mass, with deforma-
tion and destruction of peripheral bone. Melanin, hemor-
rhage and free radicals can shorten the time of T1WI and 
T2WI [9], showing isointense or slightly hyperintense on 

T1WI, isointense or slightly low isointense on T2WI, and 
mild enhancement by enhanced scan.

 6. Epithelial malignant tumor. Malignant tumor of parana-
sal cavity or paranasal sinus shows limited scope, and 
mostly occurs in maxillary sinus and ethmoidal sinus. It 
has short duration, rapid progress, strong invasion, irregu-
lar moth-eaten osteolytic destruction of sinus wall bone, 
mostly without sclerosis, soft tissue mass with heteroge-
neous medium- to high-density and irregular shape, and 
MRI normally shows isointense. The occupying effect is 
obvious, the invasion to peripheral tissue structure is 
obvious, and the tumor has marked and heterogeneous 
enhancement by enhanced scan. Compared with fulmi-
nant fungal rhinosinusitis, the lesion of maxillary sinus 
carcinoma is unilaterally located in a single sinus, which 
is limited in location with long duration. With respect to 
the length of clinical duration of disease and the scope of 
bone destruction, chronic invasive fungal rhinosinusitis > 
sinus carcinoma > acute fulminant fungal rhinosinusitis.

 7. Olfactory neuroblastoma. It manifests as a dumbbell- 
shaped soft tissue mass located at the center of ethmoid 

bont, showing calcification at the center and possible 
hemorrhage focus, with marked enhancement.

 8. Caseous rhinosinusitis. It is obstructive chronic inflam-
mation occurs to unilateral nasal cavity and paranasal 
sinus, showing hypertrophy of nasal mucosa, the hyper-
ostosis and sclerosis of paranasal sinus, heterogeneous 
consolidation of tissues as necrotic substance in the sinus, 
no enhancement by enhanced scan, and possible com-
pressive bone erosion with clear margin on the sinus wall 
and nasal septum.

 9. Rhinolith. It is calcification in the nasal cavity caused by 
long-term calcium deposition centered on foreign mat-
ters, hemorrhage site, and ectopic teeth.

23.7.6  Status Quo and Progress of Research

Bone destruction found by CT is the main basis of invasive 
fungal rhinosinusitis. Strip-like ground-glass density lesions 
in paranasal sinus can also appear. Combined with serologi-
cal allergic reaction and eosinophil granulocytosis, it reaches 
relatively high diagnostic coincidence rate. If there is inva-
sion outside paranasal sinus and bone destruction, MRI can 
be used as a supplementary examination method. Chronic 
invasive fungal rhino-sinusitis is easily misdiagnosed as 
malignant tumor, which needs to be confirmed by pathology. 
In case of suspected fungal encephalopathy, the galactoman-
nan (GM) test and β-D-glucan test on cerebrospinal fluid 
sampled by lumbar vertebra aspiration can improve the diag-
nostic method [7].

23.8  Maxillary Osteomyelitis in Infants 
and Young Children

23.8.1  Overview

Maxillary osteomyelitis has low clinical incidence and is 
mostly found in infants and young children. This section 
mainly introduces maxillary osteomyelitis in infant. Most of 
the related infections are caused by pathogen, such as staph-
ylococcus aureus, followed by hemolytic streptococcus, dip-
lococcus pneumoniae, staphylococcus albus, Escherichia 
coli, proteus and anaerobic aerobacteria, or it shows mixed 
infections. The etiology mainly includes the diffusion of 
local infection in maxillofacial region, or trauma or hema-
togenous infection.

 1. Odontogenic infection. It is mostly found in clinical prac-
tice. Newborn maxilla is immature and is flat and wide in 
shape, with two rows of dental germs in it. Infections can 
diffuse to the maxilla through damaged oral mucosa or 
skin to form osteomyelitis in the following cases: bacteria 
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in the birth canal entering the maxilla through damaged 
alveolar mucosa during childbirth and cause infection; 
oral mucosa or dental germ damaged by improper feed-
ing; and breastfeeding by mothers with mastitis.

 2. Rhinogenic infection. Children have poor immunity and 
immature paranasal sinus with incomplete pneumatiza-
tion, narrow paranasal sinus ostium. Therefore, if acute 
rhinitis or rhinosinusitis caused by upper respiratory tract 
infection or other infectious diseases prolongs, the inflam-
mation will diffuse around and eventually lead to maxil-
lary osteomyelitis.

 3. Hematogenous infection. Newborns have thin maxillary 
cortex, abundant bone marrow, and good blood circula-
tion. Therefore, bacteria can cause maxillary infection 
from any part of the body with infectious lesions by blood 
circulation, such as umbilical cord or skin infection, 
maternal birth canal infection, and iatrogenic infection.

In acute stage, its symptoms include congestion and 
edema of soft tissue on one cheek, hard palate or alveolus, 
swelling of nasal mucosa on the affected side, complicated 
with eyelid swelling and conjunctival edema, or proptosis, 
deviation, and ophthalmoplegia. It shows mucous purulent 
or bloody secretions are found in gums, hard palate, lower 
eyelid, medial and lateral canthus, and further develops to 
cheek abscess, intraorbital cellulitis, orbital abscess, or zygo-
matic abscess, which shows a sense of touchable fluctuation. 
The abscess will rupture naturally and form sinus or fistula in 
nasal cavity, palate, and cheek, with prolonged pyorrhea. 
After drainage and pus discharge, fistula can be healed or 
exist continuously. Sequestrum is found in maxilla, and den-
tal germ is lost due to necrosis.

Maxillary osteomyelitis in infants and young children 
involves critical conditions and develops rapidly. Acute toxic 
symptoms such as chills and high fever exist in its acute 
stage, and convulsions and shock can occur in severe cases. 
In case of delayed diagnosis and treatment, it will lead mul-
tiple complications, even death. Common complications 
include orbital infection, sepsis, bronchopneumonia, lung 
abscess, nasal infection, pericarditis and pleuritis, and may 
be complicated with meningitis, brain abscess, cavernous 
sinus pyogenic thrombosis and blind, asymmetrical facial 
development, anodontia, or irregular dentition. Individual 
children may die of septicemia, bronchopneumonia, menin-
gitis, or brain abscess.

23.8.2  Pathology Findings

Central osteomyelitis of the jaws mostly involves odonto-
genic infection. The central marrow cavity has congestion 
and edema in early stage, inflammatory cells have exudation 

and infiltration, and then spread along jaws to form focal or 
diffuse endosseous abscess, and cortex ulceration forms sub-
periosteal abscess and perimaxillary cellulitis, and the effu-
sion contains necrotic fragments, neutrophils and pathogenic 
microorganisms. Chronic thromboangiitis causes osteone-
crosis, sequestrum appears in the vomica, bony involucrum 
is eroded and destroyed by pus, thus forming fistula, with 
peripheral periosteal reaction, and hyperostosis and perios-
teal proliferation are formed by repair. Peripheral osteomy-
elitis of the jaws originates from cellulitis or subperiosteal 
infection in maxillofacial region, and diffuses from bone cor-
tex to central marrow cavity. The pathological changes can 
refer to the central osteomyelitis of the jaws.

23.8.3  Imaging Findings

 1. X-ray examination. It is limited in early diagnosis of the 
disease, and bone abnormality can only be found after 
2 weeks.

 (a) Diffusive bone destruction stage: the alveolar process 
of maxilla is osteoporotic, the contour of bone tra-
becula is blurred and scattered punctate and patchy 
bone destruction or periosteal reaction is found.

 (b) Localized abscess stage: A large area of irregular 
radiolucent area due to bone destruction, with or 
without the formation of sequestrum, the contour 
tending to be clear, and sinus or fistula shown by lipi-
odol angiography.

 (c) Neoplastic bone formation stage: The lesion is lim-
ited with clear edge, the bone density is different, 
osmotic necrosis and repair sclerosis coexist, with 
low-density necrotic hollows and free sequestrum are 
in the center, and neoplastic bone formation can 
cause osteosclerosis and densification, increased and 
thickened bone trabecula, with peripheral layered 
thickened periosteum.

 (d) Healing stage: The local bone of the lesion shows 
eburnation and sclerosis, and incomplete repair 
causes structural deformation.

 2. CT examination. It shows suppurative localized osteo-
lytic bone destruction, marginal sclerosis strap, seques-
trum formation, and granulation tissue enhancement.

 (a) Diffusive bone destruction stage: The bone marrow 
density in the lesion area decreases, and the punctate 
and patchy low-density bone destruction area is 
found. Some children show rhinosinusitis, dental car-
ies, apical abscess, and other imaging manifestations. 
The cervical lymph nodes are enlarged (Figs. 23.37 
and 23.38).

 (b) Localized abscess stage: large pieces of osteolytic 
bone destruction, showing liquid low density, air in 
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some cases, the lesion localized with clear contour, 
and locally rupture of bone cortex. The subperiosteal 
abscess shows layered high-density shadows on the 
bone surface (Fig. 23.38e and f). Swelling of the sur-
rounding maxillofacial soft tissues, disappeared fat 
space, blurred muscle contour, and reticular high- 
density shadows of the subcutaneous soft tissues. 
After liquefactive necrosis of soft tissues, central 
vomica is formed, with secondary intraorbital celluli-
tis (Fig. 23.38c, e and f). Enhanced scan shows het-
erogeneous enhancement of soft tissues, and cellular 
and lace-like enhancement can be seen if multilocu-
lar abscess is formed [3].

 (c) Neoplastic bone formation stage: Necrotic hollows 
with clear contour formed in the center of vomica, 

with high-density sequestrum in it, and the cortex is 
destroyed to form drainage sinus [3], with heteroge-
neous sclerosis strap at the edge, and slightly enlarged 
jaw bone (Fig. 23.39).

 (d) Healing stage: the sinus tract is closed, with stripy 
high-density shadows. Thickened periosteum 
forms lamellar ossification, bone hypertrophy and 
sclerosis, and incomplete repair causes jaw defor-
mation [3].

 (e) Marginal osteomyelitis of the jaws: initial thickening 
by periosteal reaction, inflammation spreading along 
subperiosteum, with linear low-density effusion and 
empyema, cortical destruction and absorption of 
alveolar bone with blurred margin, and swelling of 
peripheral soft tissue (Fig. 23.37c).

a b c

d e f
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Fig. 23.37 Orbital surface cellulitis of paranasal sinus with maxillary 
osteomyelitis. A 2-year-old female patient. (a–f) Non-enhanced CT 
scan and MPR multiplanar reformation show less-developed paranasal 
sinus, increased density in left maxillary sinus and left ethmoidal sinus, 
the adjacent maxilla involved by inflammatory tissue destruction, the 
bone destruction of superior and anterior wall of maxillary sinus, het-
erogeneously decreased density of bone marrow cavity, discontinuous 
bone cortex, and periosteum lifted off. The increased density of the left 

orbit in the lower inner quadrant indicates cellulitis and subperiosteal 
abscess. (g–i) MRI enhanced scan indicates heterogeneous enhance-
ment of the inflammatory tissue of orbital and facial regions, with cel-
lular changes, and unremarkable enhancement of central pus. The deep 
multiple abscess along subperiosteal space of the anterior wall of max-
illary sinus forms a stripy structure (red straight arrow: bone destruc-
tion; blue curved arrow: abscess)
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3. MRI examination

 1. Diffusive bone destruction stage: MRI is sensitive to bone 
marrow edema in early stage, and the fat signal in marrow 
cavity is replaced, showing decreased signal intensity on 
T1WI, heterogeneous hyperintense on fat suppression 
T2WI, and blurred surrounding space.

 2. Localized abscess stage: After abscess formation, the pus 
shows significantly hypointense on T1WI and signifi-
cantly hyperintense on T2WI, the contour is clearer than 
that in acute stage, with hyperintense on DWI. Bone cor-
tical involvement manifests as localized hyperintense 
areas in hypointense cortex showing hypointense. 
Periosteal thickening and subperiosteal abscess show lay-
ered hyperintense around cortex. Peripheral soft tissue 
has marked swelling, showing hyperintense on fat sup-
pression imaging. The enhanced scan shows heteroge-
neous patchy and lace-like enhancement, indicating new 

granulation tissue, and hyperintense on DWI 
(Fig. 23.37g–i).

 3. Neoplastic bone formation stage: the bone enlargement 
and deformation, the decreased signal of thickened bone 
cortex, and heterogeneously geographic changes of mar-
row cavity signal due to different degrees of fibrosis and 
sclerosis. All sequences of sequestrum and hyperplastic 
bone show hypointense, while the hollow and granulation 
tissue show slightly hyperintense on T2WI.  Soft tissue 
swelling is relieved.

 4. Healing stage: The lesion area shows osteosclerosis, and 
the signal of marrow cavity of each sequence decreased.

23.8.4  Key Points of Diagnosis

 1. The soft tissue of maxillofacial region is red, swelling, 
fever, and pain, and some lesions rupture with pus 

a b c
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Fig. 23.38 Rhinogenic intraorbital cellulitis with maxillary osteomy-
elitis. A 59-year-old male patient. (a) The Water’s plain film shows the 
paranasal sinus of right maxillary sinus, right ethmoidal sinus, and fron-
tal sinus that are turbid with reduced transmittance and consistent 
ground-glass density shadows; (b–f) Non-enhanced CT scan indicates 
paranasal sinus of right half set filled with soft tissue density shadows 
and liquid plane is not found. Inflammatory tissue infiltrates the orbital 

wall, causing subperiosteal abscess in the right orbit and cellulitis ante-
rior to orbital septum. The soft tissue in the right maxillofacial region 
and around the orbit is diffusely swollen, and punctate air density shad-
ows are found locally. The fat space around the maxillary sinus wall is 
blurred, bone destruction is found in the maxillary alveolar process, the 
density is decreased heterogeneously, the edge is blurred, and the mar-
ginal bone cortex is incomplete
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discharge. It is mostly caused by rhinosinusitis, dental 
caries or other causes, and maybe complicated with sys-
temic infection symptoms.

 2. CT scan indicates decreased density of jaw in acute stage, 
with patchy and moth-eaten bone destruction, central 
sequestrum formation, and peripheral periosteal reaction; 
soft tissue fistula formed in chronic stage, and gradual 
sclerosis and repair of jawbones.

 3. MRI scan indicates bone marrow edema with hypoin-
tense on T1WI and hyperintense on T2WI, peripheral soft- 
tissue edema complicated with vomica formation. The 
pus shows significantly hyperintense on DWI sequence 

and heterogeneous patchy enhancement by the enhanced 
scan. Enlargement of cervical lymph nodes.

 4. Laboratory test shows significantly increased leukocytes 
and increased neutrophils, and pathogen can be obtained 
by pus culture.

23.8.5  Differential Diagnosis

 1. Simple infection in maxillofacial region. In early stage, 
it should be differentiated from acute dacryocystitis, 
erysipelas, simple facial cellulitis, and intraorbital cel-

Fig. 23.39 Odontogenic osteomyelitis of mandible. A 24-year-old 
female patient. (a) X-ray oral panorama shows the residual root of the 
left lower first molar and the surrounding density is heterogeneous; The 
density around the apex of the right lower second molar decreased with 
unclear margin. (b–i) Non-enhanced CT scan indicates low-density 
bone destruction of left residual root, with surrounding sclerotic area; 

decreased density of marrow cavity around the right root tip, with irreg-
ular vomica; punctate and patchy high-density sequestrum in the center, 
incomplete local bone cortex with low-density tunnel, layered high- 
density shadows of peripheral periosteal reaction, and thickening of the 
skin and subcutaneous soft tissue around the sinus, with increased 
density

a b c
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lulitis. These diseases rarely occur in infants under 
3 months old, with limited swelling of soft tissue and 
free of swelling of gums and hard palate. It shows clear 
anatomical contour and no bone destruction is found in 
jaw [28, 29].

 2. Tuberculosis of jawbone. In adolescents, it shows 
painless swelling of maxillofacial region, most of the 
jaw bone destructions occur inferior to teeth, resulting 
in localized bone destructions with clear and irregular 
margins, most of which have no sequestrum or perios-
teal proliferation, and local cold abscess or sinus can 
be formed. The lamina dura line around dental germ 
of children disappears, and the teeth are completely 
normal.

 3. Periapical periodontitis and periapical abscess. They are 
mostly confined to a single tooth, and the bone density of 
periapical alveolar process decreases.

 4. Abnormal fibrous proliferation of the jaws. The jaw is 
enlarged, mostly manifesting as large-scale ground-glass 
homogeneous high-density shadows, unclear bone tra-
becular structure, and complete bone cortex. A few cases 
manifest as sclerosis of jaw or loofah sponge-like bright 
area, without thickening of soft tissue.

 5. Osteosarcoma of the jaws.  It has no symptoms of 
systemic infection and shows extensive osteolytic bone 
destruction with high-density osteosarcoma formation 
and solar radial periosteal reaction. Soft tissue masses are 
found in periphery.

23.8.6  Status Quo and Progress of Research

 1. For suspected patients with osteomyelitis of the jaws, CT 
is the first choice for clinical examination, which can find 
low-density bone destruction and periosteal reaction of 
the jaws in time. The best imaging method is the enhanced 
CT examination, and the soft tissue window and bone 
window are applied to show the infiltration and destruc-
tion scope of the lesion.

 2. MRI examination can find the scope of bone marrow 
edema and peripheral inflammatory exudation in early- 
stage depending on its high resolution of soft tissues, thus 
realizing early diagnosis and treatment.

 3. 99mTc-MDP three-phase bone scan has high sensitivity 
and specificity to the diagnosis of osteomyelitis [30], but 
its application in infants and young children is limited 
due to its radiation.

 4. Malignant tumors should be considered for prolonged 
soft tissue lesions with bone destruction, which requires a 
comprehensive evaluation by multiple imaging 
examinations.
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24.1  Chronic Pharyngitis

Overview
Chronic pharyngitis is a chronic inflammation of pharyngeal 
mucosa, submucosa, and lymphoid tissues. Diffuse pharyn-
geal inflammation is often a part of chronic inflammation of 
upper respiratory tract. Localized pharyngeal inflammation 
is mostly inflammation of pharyngeal lymphoid tissue. The 
disease is common in clinical practice, with long duration 
and easy recurrence [1].

Pathology Findings
Pathologically, chronic pharyngitis can be divided into the 
following 5 classifications:

 1. Chronic simple pharyngitis. It is relatively common and 
manifests as chronic congestion of pharyngeal mucosa. 
The lesions are mainly concentrated in the pharyngeal 
mucosa layer, with abundant lymphoid tissue infiltration 
around the blood vessels, and infiltrations of leukocytes 
and plasma cells are also found. It shows proliferation of 
mucosa and submucosal connective tissue, complicated 
with hypertrophy of mucosal glands, hypersecretion of 
glands, and increased and viscous mucus secretions in 
some cases.

 2. Chronic hypertrophic pharyngitis. It is also called 
chronic granular pharyngitis and lateral pharyngitis. 

Prolonged chronic simple pharyngitis can form chronic 
hypertrophic pharyngitis, which is common in clinical 
practice. The mucosal layer of pharynx is congested and 
thickened, with an extensive proliferation of connective 
tissues and lymphoid tissues in mucosa and submucosa, 
lymphadenosis and eminence around the mucosal gland. 
Multiple granular lymphoid follicles are found in the pos-
terior pharyngeal wall, which present as chronic conges-
tion, or integration of multiple lymphoid follicles. 
Inflammatory effusions from mucosal glands can be 
enclosed, and cystic white spots are formed at the emi-
nence top of lymphoid granules, with yellow-white effu-
sions in case of rupture. The lymphatic tissues of the 
lateral pharyngeal bands are often involved, leading to 
cord-like hypertrophy and thickening.

 3. Atrophic and dry pharyngitis. It is rare in clinical prac-
tice. In the early stage of the disease, the secretion of 
mucosal glands decreases, and the secretion is thick and 
dry. Because of the chronic inflammation of submucosa, 
it has gradual organization and contraction, which com-
press glands and blood vessels, reducing gland secretion 
and leading to dystrophia, thus the mucosa and submu-
cosa are atrophied and thinned gradually. There may be 
dry scab or pus scab attached to the posterior pharyngeal 
wall, which often has a bad smell.

 4. Chronic allergic pharyngitis. It is also known as chronic 
allergic pharyngitis, which is an IgE-mediated type I 
allergic reaction occurring in pharyngeal mucosa. 
Allergen stimulates pharyngeal mucosa and makes IgM- 
synthesized plasma cells transformed into IgE-
synthesized plasma cells, and IgE adheres to the surface 
of mastocytes and basophilic granulocytes, making pha-
ryngeal mucosa in a sensitized state. When the same 
allergen contacts with the body again, the allergen com-
bines with the IgE on the surface of mediator cell, which 
leads to degranulation of mediator cells, releasing a vari-
ety of inflammatory mediators including histamine and 
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synthetic prostaglandins, which can cause telangiectasia, 
increased vascular permeability and increased gland 
secretion, thus causing allergic reactions.

 5. Chronic reflux pharyngitis. Inflammatory cells infiltra-
tion in pharyngeal mucosa and submucosa, causing grad-
ual contraction and thinning of mucosa and submucosa of 
gland.

Imaging Findings
In clinical practice, inflammation can be definitively diag-
nosed without imaging examination. In case of poor treat-
ment effect, imaging examination is required to exclude 
other related diseases. CT and MRI show diffuse swelling 
and thickening of mucosa of posterior wall and lateral wall 
of nasopharynx roof and torus tubarius, with straight or 
curved concave anterior border, bilateral pharyngeal recess 
structure existing with clear parapharyngeal space, smooth 
mucosa surface, and narrow nasopharyngeal cavity. CT 
shows iso-density shadows (Fig. 24.1). Slightly hypointense 
on T1WI and slightly hyperintense on T2WI (Fig. 24.2). By 
enhanced scan, the mucosal surface shows homogeneous 
and marked enhancement, with complete mucosal line. The 
criteria for judging the thickening of the posterior wall of 
nasopharynx roof: the thickness of the posterior wall of 
nasopharynx roof measured on the median sagittal plane 
T1WI is not less than 5 mm, indicating thickening of the pos-
terior wall of nasopharynx roof [2, 3].

Key Points of Diagnosis
 1. Continuous history of pharyngeal discomfort for more 

than 3 months, the patient’s pharyngeal mucosa is chroni-

cally congested, with varicose and dark-red small blood 
vessel, with a small amount of sticky secretion on the sur-
face or multiple eminences of granular follicles on the 
posterior pharyngeal wall, showing chronic congestion, 
and the lymphatic tissue of the lateral pharyngeal bands 

Fig. 24.1 Chronic pharyngitis (1). Axial CT images show that the soft 
tissues of the lateral wall and posterior wall of nasopharyngeal cavity 
are thickened with irregular shape. Bilateral pharyngeal recess structure 
existed

a b

Fig. 24.2 Chronic pharyngitis (2). Axial MRI images show thickening of soft tissue of tongue root, isointense on T1WI (a), hyperintense on fat- 
suppressed T2WI (b) and hyperintense of surface mucosa
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thickened in a strip pattern, or the pharyngeal mucosa is 
dry and thin, covered with purulent scab.

 2. CT and MRI show that the soft tissues of the lateral and 
posterior walls of nasopharyngeal cavity were thick-
ened in irregular shape. Bilateral pharyngeal recess 
structures exist, and there is no swelling of cervical 
lymph nodes and no infiltration of parapharyngeal 
structures.

Differential Diagnosis
 1. Adenoid hypertrophy. Chronic pharyngitis and adenoid 

hypertrophy would manifest as thickening of the posterior 
wall of the nasopharyngeal roof, which makes it difficult 
to differentiate. However, the former has low thickening 
degree of the posterior wall of the roof, while the latter has 
significant thickening of the posterior wall of the roof, nar-
rowing the airway. Adenoid hypertrophy mostly occurs in 
children and gradually atrophies after puberty. In addition, 
chronic pharyngitis can cause diffuse swelling and thick-
ening of mucosa of posterior wall and lateral wall of naso-
pharyngeal roof and torus tubarius.

 2. Tornwaldt cyst. It is found by accident and has unre-
markable clinical symptoms. It is mostly located inferior 
to the mucosa of the midline of nasopharynx, and the soft 
tissue in the midline of the posterior wall of nasopharynx 
is slightly thickened and locally protruded, with 2–10 mm 
round or oval cystic lesions, which are easy to 
differentiate.

 3. Nasopharyngeal carcinoma. It usually occurs in the 
pharyngeal recess, which manifests as asymmetric shal-
lowing and disappearance of the pharyngeal recess and 
enlargement of levator veli palatini muscle in the early 
stage. Nasopharyngeal cavity masses can be formed with 
curved convex edges, irregular surface, asymmetric con-
striction of nasopharyngeal cavity and frequent invasion 
to parapharyngeal space and bone of skull base. Chronic 
pharyngitis usually manifests as diffuse swelling of naso-
pharyngeal soft tissue, smooth mucosal surface, clear 
margin with adjacent muscles, without bone destruction 
or infiltration.

 4. Nasopharyngeal lymphoma. It can also cause diffuse 
thickening of the posterior wall and lateral wall of 
 nasopharyngeal roof, which needs to be differentiated 
from chronic pharyngitis. The mucosal thickening 
caused by chronic pharyngitis is more homogeneous, 
and the degree of mucosal thickening is less than that of 
nasopharyngeal lymphoma. Nasopharyngeal lymphoma 
can cause swelling of cervical lymph nodes and infiltra-
tion of parapharyngeal structures. In addition, nasopha-
ryngeal lymphoma is often associated with other 
systemic symptoms.

Status Quo and Progress of Research
The diagnosis of chronic allergic pharyngitis mainly depends 
on clinical manifestations. In addition to the corresponding 
allergen exposure history, symptoms and signs, allergen skin 
test, total IgE and serum-specific IgE should be used to 
determine the allergens. Chronic reflux pharyngitis can be 
tested by gastroesophageal reflux-related items.

It should be noted that many systemic diseases (especially 
tumors) only have symptoms similar to those of chronic 
pharyngitis in the early stage. Therefore, when the chief 
complaint does not coincide with the findings of physical 
examination or there are other doubts, we should not rashly 
diagnose it as chronic pharyngitis, but ask about the medical 
history in details, and thoroughly and carefully examine the 
occult lesions in nose, pharynx, larynx, trachea, esophagus, 
neck and even the whole body to avoid missed diagnosis. 
Imaging examinations of CT and MRI are used to exclude 
space-occupying lesions such as nasopharyngeal carcinoma. 
MRI can clearly show the soft tissue morphology of naso-
pharyngeal walls, mucosal or submucosal infiltration, mus-
cle or intermuscular space involvement, shape and signal 
changes of parapharyngeal space, and the constricted naso-
pharyngeal cavity. CT can show the bone destruction of skull 
base, and can also be used to observe the shape of bilateral 
pharyngeal recesses and space-occupying lesion.

24.2  Adenoidal Hypertrophy

Overview
Adenoid, also known as pharyngeal tonsil or paraphyte, is 
located at the nasopharyngeal roof and the posterior pharyn-
geal wall, belonging to lymphoid tissue, with an orange 
slice-like surface. Under normal physiological conditions, 
pediatric tonsils develop to the maximum when children are 
6–7 years old, and then gradually atrophy after puberty, and 
basically disappear when they are adults. Adenoid hypertro-
phy refers to pathological proliferation of adenoids due to 
repeated stimulation by inflammation, which causes nasal 
obstruction and mouth breathing, especially at night, with 
snoring and restless sleep. Children often turn over from 
time to time, especially when lying on their backs, and may 
have apnea in severe cases. The disease often occurs in chil-
dren and is often complicated with chronic tonsillitis. The 
disease has a far-reaching impact on the normal development 
and health of children [4, 5].

Pathology Findings
Nasopharyngeal adenoid cells have proliferation and 
hypertrophy, which may be complicated with lymphocyte 
proliferation.
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Imaging Findings
 1. X-ray lateral view shows enlarged adenoids and narrow 

nasopharyngeal airway (Fig. 24.3). Lateral X-ray pho-
tography is an important method to diagnose adenoid 
hypertrophy. When taking lateral views of nasopharynx, 
it must be exposed when inhaling. When inhaling, the 
soft palate reaches the lowest position, and the antero-
posterior diameter of nasopharyngeal cavity is the larg-
est. At this time, the stenosis of nasopharyngeal cavity is 
reliable. Specific criteria: the ratio of the thickness of 
adenoid to the width of nasopharyngeal airway (A/N) is 
used to judge the hypertrophy degree of adenoid: result 
of less than 0.6 indicates normal condition; 0.61–0.70 
indicates mild hypertrophy; more than 0.71 indicates 
pathological hypertrophy. The A/N ratio of plain film of 
nasopharynx can not only reflect the size of adenoids 
but also describe the nasopharyngeal airway volume, 
which provides reliable bases for clinical diagnosis and 
treatment [6].

 2. CT and MRI can clearly show thickening of nasopharyn-
geal soft tissue, and compression of pharyngeal ostium of 
auditory tube and pharyngeal recess. The nasopharynx 
mucosa is intact (Figs. 24.4 and 24.5). It clearly shows 
that the nasopharyngeal cavity is deformed and con-
stricted, the soft tissue of the posterior wall is thickened, 
protruding to the air cavity, the density or signal is homo-
geneous, the pharyngeal recess and pharyngeal ostium of 
the auditory tube are not clear, the parapharyngeal space 
is clear, without adjacent bone destruction. CT and MRI 

Fig. 24.3 Adenoid hypertrophy (1). A 5-year-old female patient, snor-
ing while sleeping. Nasopharyngeal lateral view shows that the soft tis-
sue of the posterior wall of nasopharyngeal cavity is significantly 
thickened and the airway is constricted (indicated by arrow)

a b

Fig. 24.4 Adenoid hypertrophy (2). A 9-year-old female patient. 
Snoring while sleeping. (a) Non-enhanced CT scan on transverse plane 
indicates thickening of the soft tissue of nasopharynx, with homoge-
neous density, smooth nasopharynx mucosa, and clear bilateral para-

pharyngeal spaces; (b) Non-enhanced CT scan on sagittal plane shows 
thickening of nasopharyngeal roof soft tissue and stenosis of nasopha-
ryngeal cavity
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examinations are important supplementary methods for 
diagnosing adenoid hypertrophy and complications in 
children [7].

Key Points of Diagnosis
 1. The lateral X-ray photography of nasopharynx shows 

adenoid hypertrophy and narrow nasopharyngeal cavity.
 2. CT and MRI clearly show thickening of nasopharyngeal 

soft tissue and compression of pharyngeal ostium of audi-
tory tube and pharyngeal recess. Nasopharyngeal mucosa 
is intact.

Differential Diagnosis
 1. Nasopharyngeal carcinoma. It is a common malignant 

tumor of nasopharynx in adults and mostly occurs in pha-
ryngeal recess. In the early stage, the pharyngeal recess is 
asymmetrically shallowed and disappeared, and the leva-
tor veli palatini muscle is enlarged, which can form a 
nasopharyngeal cavity mass with curved convex edge and 
irregular surface, asymmetric constriction of nasopharyn-
geal cavity, with invasion to the parapharyngeal space 
and bone of skull base. By enhanced scan, the mass shows 
marked and heterogeneous enhancement. Adenoid hyper-
trophy mainly manifests as thickening of soft tissue in the 
posterior wall of the nasopharyngeal roof in childhood, 
which gradually atrophies after puberty, smooth mucosal 
surface, homogeneous enhancement of adenoids by 
enhanced scan, without bone destruction or infiltration.

 2. Retropharyngeal abscess. It can occur with tonsil hyper-
trophy. There are significant infection-related symptoms 
of retropharyngeal abscess, and tonsil hypertrophy 
mainly manifests as airway obstruction symptoms, such 
as nasal obstruction and snoring. The retropharyngeal 
abscess is located in the prevertebral space, and the 
inflammation can also involve the peripheral structures 
such as tonsil and parapharyngeal space. The prevertebral 
space and parapharyngeal space are blurred and 
 disappeared, and the abscess shows ring enhancement by 
enhanced scan. The margin between tonsil hypertrophy 
and surrounding muscles is clear, showing homogeneous 
enhancement by enhanced scan.

 3. Nasopharyngeal cyst. It has no special clinical symp-
toms. It is located in the midline of the posterior wall of 
nasopharynx, the cyst can protrude out of the soft tissue 
of the posterior wall, which is in round or oval shape. The 
intracapsular signal intensity depends on the protein con-
centration of the contents and can show hypointense on 
T1WI and hyperintense T2WI, hyperintense on T1WI, and 
hyperintense on T2WI, or hypointense on T1WI and 
hypointense on T2WI.  The hypointense on T1WI and 
hyperintense T2WI is common.

Status Quo and Progress of Research
At present, the quantitative diagnosis of adenoid hypertro-
phy can be made by CT MRP reconstruction technique and 
the scanning and measurement of A/N value on the median 

a b

Fig. 24.5 Adenoid hypertrophy (3). A 10-year-old female patient. 
Snoring while sleeping. (a) Non-enhanced CT scan on transverse plane 
indicates thickening of the soft tissue of nasopharynx, with homoge-
neous density, smooth nasopharynx mucosa, and clear bilateral para-

pharyngeal spaces; (b) Non-enhanced CT scan on sagittal plane shows 
thickening of nasopharyngeal roof soft tissue and stenosis of nasopha-
ryngeal cavity
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sagittal plane by MRI SE T1WI sequence. MRI examination 
is more suitable for children because it has no ionizing radia-
tion. MRI films can be used to dynamically observe the 
movement of nasopharynx with breathing and clearly 
observe whether the nasopharyngeal cavity is narrow.

24.3  Tonsillitis and Intratonsillar Abscess

Overview
Tonsillitis and intratonsillar abscess (ITA) refer to inflamma-
tion and abscess formed by neutrophils and necrotic sub-
stances gathered in tonsil parenchyma. As main cause of 
these diseases, they are secondary to follicular tonsillitis, or 
suppurative inflammation caused by bacteria implanted into 
tonsils through blood and lymph. The clinical manifestations 
of tonsillitis and ITA are similar to those of peritonsillar 
abscess. They are usually unilateral tonsillar enlargement 
with fever, odynophagia, and dysphagia. However, physical 
examination shows that there is no significant fluctuation in 
the peripheral tissues. Some patients with ITA may have 
restrictions of mouth opening. Peritonsillar abscess (80%) 
may have murmur, but intratonsillar abscess has no such 
symptom [8–10].

The exact etiology of tonsillitis and ITA is unclear. It is 
reported that tonsil inflammation, especially acute follicu-
lar tonsillitis, leads to empyema in intratonsillar cleft, thus 
forming intratonsillar abscess. Intratonsillar abscess may 
also be caused by bacterial tonsil inoculation from blood or 
lymphatic vessels. Factors affecting lymphatic vessels and 
lymphokines may be important inducing factors of intra-
tonsillar abscess: dehydration, inflammatory swelling of 
tonsillar follicles, and previous history of peritonsillar 
abscess.

Intratonsillar abscess is rare. Clinical symptoms may 
include pharyngalgia, dysphagia, and referred otalgia. 
Examination can show difficulty in opening mouth, asym-
metry of tonsils, deviation of uvula, enlargement of cervical 
lymph nodes, and voice change. Phonological change is not 
a common symptom of intratonsillar abscess.

Pathology Findings
Plenty of leukocytes infiltration can be found in the lesions, 
and neutrophils are the most common, complicated with 
necrotic tissues and pus formation to different extents. If an 
abscess is formed, granulation tissues can be found on the 
abscess wall.

Imaging Findings
 1. Conventional tonsillitis can be definitively diagnosed in 

clinical practice without imaging examination.

 2. The clinical anti-inflammatory effect of tonsillitis is poor, 
thus CT and MRI examinations are needed to find any 
abscess or other diseases with inflammation.

 3. Non-enhanced CT scan indicates significant swelling and 
hypertrophy of bilateral tonsils, unclear margin, hetero-
geneous density, blurred fat septa around tonsils, and 
parapharyngeal space (Figs. 24.6 and 24.8a).

 4. By CT enhanced scan, intratonsillar abscess shows low- 
density focus gathered in the tonsil parenchyma with ring 
enhancement, and peritonsillar abscess is mostly located 
in the supratonsillar space, and the parapharyngeal space 
is often involved (Figs. 24.7 and 24.8b and c). MRI shows 
an unclear lesion border, and hyperintense on T2WI and 
DWI (Fig. 24.9).

 5. CT and MRI enhanced scan and DWI sequence have 
diagnostic advantages for tonsillitis, they are mainly used 
to detect the abscess, thus providing bases for the choice 
of clinical treatment scheme and avoiding injury to inter-
nal carotid artery when pus is discharged by incision or 
aspiration.

Key Points of Diagnosis
 1. The tonsil is swollen, and the abscess shows low-density 

focus by non-enhanced CT scan, with marginal ring 
enhancement.

 2. Non-enhanced MRI scan shows slightly hypointense on 
T1WI, heterogeneous hyperintense on T2WI, hyperin-
tense on DWI, and ring enhancement.

Fig. 24.6 Right tonsillitis. Enhanced CT examination shows that the 
right tonsil is significantly swollen, the oropharyngeal cavity is com-
pressed and constricted, and the margin of the right parapharyngeal 
space is unclear
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Differential Diagnosis
 1. Peritonsillar abscess. It is often secondary to acute and 

chronic tonsillitis and mostly occurs unilaterally. It is 
common in adults. Severe unilateral pharyngalgia, which 

is aggravated during swallowing, and radiated to the ipsi-
lateral aural region. CT shows diffuse swelling of soft tis-
sue around tonsils with unclear margin and lower density 
shadows inside, indicating the formation of vomica. 
Enhanced examination shows marked enhancement of 
the abscess wall.

 2. Parapharyngeal abscess. The lateral pharyngeal wall 
and tonsil on the affected side are pushed inward and may 
lead to restriction of mouth opening, but the inflammation 
of pharynx is mild, and the tonsil has no significant path-
ological changes. The lateral neck has severe radiation 
pain, with inflammatory abscess and significant tender-
ness. CT shows diffuse swelling of soft tissue around the 
parapharyngeal space, with unclear margin and lower 
density shadows inside, indicating the formation of vom-
ica. Enhanced examination shows marked enhancement 
of the abscess wall.

Status Quo and Progress of Research
At present, CT or MRI examination is often used as the nec-
essary means of preoperative examination, which can indi-
cate the location and scope of abscess, and enhanced scan 
can show the complete abscess wall as well as compression 
on airway and great vessels, which is beneficial to the formu-
lation of operative plan. With the gradual development of the 
treatment of pediatric peritonsillar abscess, the treatment of 
pediatric peritonsillar abscess develops to the field of surgi-
cal treatment (i.e., drainage or needle aspiration) [8]. 
Enhanced CT examination and DWI sequence mainly evalu-
ate the formation of abscess, which plays a key role in the 
localization and clinical treatment of abscess.

Fig. 24.7 Right palatine intratonsillar abscess (1). CT enhanced exam-
ination shows significant swelling of the right tonsil and ring enhance-
ment. Oropharyngeal cavity narrowed by compression

a b c

Fig. 24.8 Right palatine intratonsillar abscess (2). A 46-year-old male 
patient. The patient was admitted due to main cause of “right pharyn-
galgia for 1 week”. Physical examination: Grade II enlargement of right 
tonsil. The operation confirmed that the right peritonsillar abscess was 
complicated with right parapharyngeal space infection. (a–c) Non- 
enhanced and enhanced scans show crumby slightly low-density shad-

ows beside the right tonsil, which show heterogeneous and moderate 
enhancement in arterial phase and still show enhancement in venous 
phase. The center of the lesion shows a hat-shaped area without 
enhancement. The left parapharyngeal space is clear (indicated by 
arrow)
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24.4  Infection or Abscess 
of Retropharyngeal Space

Overview
The retropharyngeal space is a potential space inferior to the 
occipital bone of skull base, superior to the posterior medias-
tinum, posterior to the fascia buccopharyngea, and anterior 
to the prevertebral fascia. Infection of retropharyngeal space 
is a pyogenic infection occurring between the posterior wall 
of pharynx and esophagus and prevertebral fascia. The lower 
part of the retropharyngeal space is at the level of third–
fourth cervical vertebrae plane with its walls adhere to each 
other, thus the abscess rarely descends into the posterior 
mediastinum of the chest cavity; Both sides and the parapha-
ryngeal space are separated by incomplete fascia, thus the 
infection may spread between the two spaces. The etiology 
of retropharyngeal space abscess can be divided into trau-
matic cause and non-traumatic cause. Non-traumatic retro-
pharyngeal abscess is a disease of children to a great extent, 
which is caused by abundant lymphoid tissues in retropha-
ryngeal space of children. The disease mainly affects boys. It 
usually occurs in children under 7  years old after upper 
respiratory tract infection in winter. The common symptoms 
and signs are fever, cervical pain, torticollis, and neck swell-
ing. Abscess in the space can be caused by multiple organ-
isms, such as aerobic microorganisms (β hemolytic 

streptococcus and staphylococcus aureus), anaerobic micro-
organisms (bacteroides and veil bacteria) or Gram-negative 
bacteria (haemophilus influenzae). In recent 10  years, the 
recurrence of retropharyngeal space abscess in children is 
related to the increased incidence of β hemolytic streptococ-
cus [11]. Although CT technology and diagnostic criteria 
have been improved, it is difficult to differentiate suppurative 
lymphadenitis from retropharyngeal space abscess. For pedi-
atricians, radiologists, and otolaryngologists, it is still diffi-
cult to diagnose and control the retropharyngeal space 
abscess, as it may be mistaken for epiglottitis [11–13].

Retropharyngeal abscess is suppurative inflammation in 
retropharyngeal space, which can be divided into acute and 
chronic types due to different pathogenesis. Acute disease is 
common, which is caused by suppuration of retropharyngeal 
lymph nodes and is mostly found in children under 3 years 
old, and more than half of the patients are under 1 year old. 
In addition, after injury of posterior pharyngeal wall (foreign 
matters or other trauma), if infection or inflammation of 
adjacent tissues spreads into retropharyngeal space, the ret-
ropharyngeal abscess may also occur. Chronic cases are rare, 
and the abscess is mostly formed by cervical tuberculosis, 
also known as cold abscess. Because of oppression by 
abscess, the patients have laryngeal edema and difficulty in 
breathing and swallowing. Children speak or cry with quack 
voice because of the constriction of pharyngeal resonant cav-

a b

Fig. 24.9 Left palatine intratonsillar abscess. The left palatine tonsil is enlarged. (a) Axial T2WI fat suppression imaging shows hyperintense of 
left palatine tonsil; (b) Axial T1WI enhanced scan shows ring enhancement in the left palatine tonsil
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ity. Physical examination revealed neck rigidity. Early inci-
sion and drainage of pus and systemic anti-infection 
treatment are recommended clinically [14, 15].

Pathology Findings
Infiltration of plenty of leukocytes is found in the soft tissue 
of retropharyngeal space, and neutrophils are the most com-
mon, complicated with necrotic tissues and pus formation to 
different extents. If an abscess is formed, granulation tissues 
can be found on the abscess wall. It can also be combined 
with inflammation of lymph nodes in retropharyngeal space. 
Plenty of inflammatory cells infiltrated can be found in 
enlarged lymph nodes

Imaging Findings
 1. X-ray examination. It shows that cold abscess caused by 

cervical tuberculosis can locate in the central part, and 
local mucosa has unremarkable congestion. X-ray film of 
cervical vertebra can show the shadows of soft tissue emi-
nence in prevertebral space, sometimes showing signs of 
liquid plane and bone destruction of cervical vertebra. 
The “air sign” in the lateral view of neck is very impor-
tant for the diagnosis of abscess [15].

 2. CT or MRI examination. The shadows of soft tissue 
eminence in prevertebral space are found by CT or MRI 
scan, and sometimes the liquid plane is found. For patients 
with acute type, vomica or foreign matters retention can 
be found; The signs of bone destruction of cervical verte-
bra can be found in patients with cervical tuberculosis, 
which is often complicated with pulmonary tuberculosis. 
Typical MRI imaging features include: (1) bow-tie expan-
sion of retropharyngeal space, leading to the antedis-
placement of the posterior pharyngeal wall; (2) 
hyperintense on T1WI and hypointense on T2WI, suggest-
ing retropharyngeal edema and cellulitis. (3) enhanced 
scan showing localized liquid accumulation and marginal 
enhancement, indicating abscess; (4) hyperintense on 
DWI for central empyema area, and diffusion limitation 
in effusion area. By enhanced scan, the lesion shows mar-
ginal enhancement (Figs. 24.10, 24.11 and 24.12).

Key Points of Diagnosis
 1. According to the history, symptoms, signs, and aspiration 

of pus, the diagnosis of retropharyngeal abscess is not 
difficult.

 2. Cervical lateral X-ray photography shows antedisplace-
ment of the posterior pharyngeal wall and widening of 
prevertebral soft tissue shadows, or shows effusion, 
which is helpful for diagnosis. Air sign is very important 
for the diagnosis of abscess.

 3. CT or MRI shows eminence of soft tissue shadows of the 
posterior pharyngeal wall with the widening of the retro-
pharyngeal space, and sometimes shows the liquid plane. 

The lesions spread along the retropharyngeal space and 
even reach the chest, with marginal enhancement by 
enhanced scan.

Differential Diagnosis
 1. Retropharyngeal lymphadenitis. Neck lymphadenitis 

is an acute symptomatic cervical lymph node enlarge-
ment, which is a common problem for children of all 
ages. Pediatric retropharyngeal infection is most com-
monly caused by incomplete treatment of nasopharyn-
geal or oropharyngeal infection, which spreads to 
retropharyngeal lymph nodes by capillary lymphatic 
drainage. Infection leads to reactive lymph node enlarge-
ment, which manifests as homogeneous and low-density 
shadows on CT (compared with peripheral soft tissue). 
Then the infection may develop into suppurative adenitis, 
and the enlarged lymph nodes have liquefactive necrosis 
and are surrounded by edema during the period. 
Suppurative lymph nodes rarely break into the retropha-
ryngeal space and lead to retropharyngeal abscess. 
Suppurative retropharyngeal lymph nodes are contained 
in lymph node cyst.

Fig. 24.10 Retropharyngeal abscess (1). A 35-year-old female patient. 
Neck discomfort for 1 week. CT shows that the soft tissue of the poste-
rior pharyngeal wall is thickened, and enhanced examination shows the 
lesion with ring enhancement of the posterior pharyngeal wall, and 
multiple enlarged lymph nodes are found in bilateral II areas
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 2. Cellulitis in retropharyngeal space. The CT manifesta-
tions are diffuse hypointensity shadows in retropharyn-
geal space, which has a wide scope of lesions and unclear 
margins, and can involve multiple spaces; Radionuclide 
imaging shows radioactive concentration [14].

 3. Edema in retropharyngeal space. It is non-infectious, 
usually complicated with swelling of other spaces in the 
neck, and the lesion has no enhancement, thus it is neces-
sary to clarify the medical history, such as heart failure. It 
can disappear after the cause of disease is eliminated.

a b

c d

Fig. 24.11 Left retropharyngeal abscess. 36-year-old male patient The 
operation confirmed that tuberculous abscess occurred in the left retro-
pharyngeal space. (a) Non-enhanced CT scan indicates that the density 
shadows of soft tissue in the posterior wall of left nasopharynx and 
oropharynx are thickened heterogeneous density; (b and c) In arterial 

phase and venous phase, crumby soft tissue density shadows are found 
in the left side of retropharyngeal space, showing ring enhancement; 
(d). The lesion spreads downward along the retropharyngeal space 
(indicated by arrow)
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 4. Metastatic lymph nodes in retropharyngeal space. 
Neck metastatic lymph nodes with central necrosis mani-
fest as low-density shadows of soft tissue and its center 
on CT, and enlargement of multiple lymph nodes can be 
found in II-VI regions of neck.

Status Quo and Progress of Research
CT and MRI can distinctively differentiate retropharyngeal 
abscess from other diseases, such as retropharyngeal edema 
or suppurative retropharyngeal lymph nodes. Within 48 h of 
infection, CT scan has a certain influence on the diagnosis of 
lesions. However, after abscess formation, the low-density 
shadows inside the lesion are helpful to locate the lesion. CT 
and MRI can accurately show the involvement extent of ret-
ropharyngeal abscess, CT is more helpful to show the 
destruction extent of tuberculous abscess on vertebral body, 
and enhanced examination can completely show the abscess 
wall and the suppression on adjacent airway and great ves-
sels. MRI can show different signal characteristics of 
abscesses depending on the phases and components, and dif-
fusion limitation of DWI sequence has certain implications.

CT enhanced scan of neck is of great significance in 
diagnosis of retropharyngeal abscess and indication of sur-
gical drainage. The imaging sign of abscess is the soft tissue 
density shadows in the central low-density area, which 
shows ring enhancement by enchanced scan, but sometimes 
it is difficult to differentiate abscess from cystic degenera-
tion or cellulitis of malignant deep neck metastatic tumor. 
Enhanced CT has significant false-positive rate. MRI DWI 
can be used for differential diagnosis. The abscess shows 

hyperintense on DWI, while the metastatic lymph nodes 
show hypointense. By combining the two imaging tech-
niques, it is  possible to avoid unnecessary surgery for 
patients with cellulitis.

24.5  Infection or Abscess 
of Parapharyngeal Space

Overview
The parapharyngeal space is an anatomical space located on 
the lateral wall of the epipharynx, which is inverted pyramid- 
shaped and extends from the skull base to the level of hyoid 
bone. It can be divided into prestyloid space and poststyloid 
space. Differentiating infection between prestyloid process 
and poststyloid process is very important for guiding differ-
ential diagnosis and potential surgical methods of otolaryn-
gologists. However, the importance of the parapharyngeal 
space also lies in its relationship with other spaces in the 
neck, especially the infection of the retropharyngeal (or pre-
pharyngeal) space may lead to severe life-threatening com-
plications, such as mediastinitis [16, 17]. The infection of 
parapharyngeal space is mainly caused by suppurative 
inflammation spreading from adjacent tissues or organs, 
such as acute adenoiditis, acute suppurative tonsillitis, mas-
toiditis; It is caused by rupture of or spread from adjacent 
abscesses, such as peritonsillar abscess, retropharyngeal 
abscess, molar area abscess, parotid gland abscess, otogenic 
deep cervical abscess. It may be caused by stab wounds and 
trauma by foreign matters in lateral pharyngeal wall; 

a b

Fig. 24.12 Retropharyngeal abscess (2). A 56-year-old female patient Cervical pain with fever for 2 weeks. (a) Axial T2WI fat suppression imag-
ing shows hyperintense of prevertebral space; (b) Axial T1WI enhanced scan shows lesion with ring enhancement in the prevertebral space
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Iatrogenic infection, such as tonsillectomy or tooth extrac-
tion and improper oral surgery. Infection of adjacent organs 
or tissues can involve parapharyngeal space through blood 
circulation and lymphatic system.

Infection of parapharyngeal space is a dangerous disease. 
The possible severe complications of the disease include 
mediastinitis, pericarditis, pleural abscess, meningitis, inter-
nal jugular vein thrombosis, septic shock, internal carotid 
artery rupture or aneurysm, airway obstruction, and death. 
An active therapeutic approach is required, i.e., emergency 
surgical drainage.

Parapharyngeal abscesses are another common deep cer-
vical infection and the common deep cervical abscess second 
to the peritonsillar abscess. It can lead to severe and poten-
tially fatal complications, such as airway damage, jugular 
vein thrombosis, Lemierre syndrome, Horner syndrome, 
mediastinitis, and carotid artery hemorrhage through retro-
pharyngeal space.

Most oropharyngeal abscesses are caused by multiple 
bacterial infections. The main anaerobic bacteria isolated 
from parapharyngeal abscess are prevotella, porphyromonas, 
fusiform bacillus, and peptostreptococcus. Aerobic bacteria 
are streptococcus-a (pyogenic streptococcus), staphylococ-
cus aureus and Haemophilus influenzae. Fusiformis nec-
rophorus can easily cause septic thrombophlebitis and 
metastatic abscess of great vessels, especially related to deep 
cervical infection of lung abscess (Lemierre syndrome).

Parapharyngeal abscess can occur at any age, rarely 
before 8 years old, usually under 30 years old. The main 
symptoms are fever, sore throat, dysphagia, swelling, and 
myasthenia. Physical examination can show the asymme-
try of oropharynx and tender neck mass, which may be 
associated with lymphadenopathy. The patients commonly 
have history of upper respiratory tract infection, pharyngi-
tis, or tonsillitis. However, some of these infections are 
fulminant, and patients will seek treatment several hours 
after onset. Especially, the sore throat, oropharyngeal 
asymmetry, and lateral painful cervical lump can be con-
sidered as the pathological manifestations of parapharyn-
geal abscess, especially in case of “upper nasopharyngeal 
infection,” such as pharyngitis or tonsillitis. Fever is not a 
constant sign but often occurs (50% of cases), such as head 
and neck infection, peritonsillar abscess, or odontogenic 
cellulitis [18].

Pathology Findings
Parapharyngeal abscess is a typical suppurative inflamma-
tion of parapharyngeal space, which is cellulitis in the early 
stage, and then the inflammatory tissue is necrotic and dis-
solved, forming a cavity filled with pus, i.e., abscess.

Imaging Findings
 1. CT examination. With clinical diagnosis or suspicion of 

parapharyngeal abscess, non-enhanced CT scan and 
enhanced scan of neck are feasible, which are the best 
imaging methods for diagnosis and follow-up visit of 
parapharyngeal abscess. On CT, the abscess shows single 
or multi-cell low-density shadows, and its density is 
between soft tissue and water, with air and liquid density 
in the center (Fig. 24.13a). By enhanced scan, the abscess 
wall has enhancement and peripheral tissues of abscess 
wall have edema (Fig. 24.13b). Enhanced scan can also 
show the thrombosis and dilatation of internal jugular 
vein, and a clear wall around the low-density lumen. CT 
scan is sufficient to meet the clinical requirements, 
because it can confirm the clinical diagnosis of parapha-
ryngeal abscess, show that parapharyngeal abscess 
spreads along the anatomical structure to the periphery of 
tonsils or retropharyngeal space, and show complications 
such as internal jugular vein thrombosis, lung abscess or 
mediastinitis on CT of neck and chest.

 2. MRI. Compared with CT, MRI shows different signal 
intensities for different soft tissues, so it has absolute 
advantages in diagnosing diseases of vessels, nerves, and 
muscle. It can also diagnose thrombosis of internal jugu-
lar vein and erosion or rupture of carotid artery with 
images more accurately than that of CT. MRI can clearly 
show each fascial space, so the detection rate of infection 
of cervical spaces is higher than that of CT.  The pus 
shows hypointense on T1WI and hyperintense on T2WI, 
and the peripheral soft tissue swelling shows hyperin-
tense on T2WI (Fig. 24.13c–e). DWI shows the abscess 
spread limited and showing hyperintense (Fig.  24.13f). 
By enhanced scan, the lesions show heterogeneous 
enhancement on T1WI, with no enhancement inside and 
marked marginal garland-like enhancement. Therefore, 
MRI can more accurately locate the nature and scope of 
abscess and separate it from the surrounding normal tis-
sues (Fig. 24.14).

Key Points of Diagnosis
 1. Children or adolescents have fever, sore throat, and other 

symptoms, and may have a history of pharyngitis or 
tonsillitis

 2. CT shows swelling and thickening of parapharyngeal soft 
tissues. After abscess formation, cloud-like low-density 
shadows can be found, with air and liquid shadows in 
these tissues, and a ring enhancement by enhanced scan.

 3. MRI shows hypointense on T1WI, hyperintense on T2WI 
and hyperintense on DWI.  By enhanced scan, it shows 
garland-like enhancement on T1WI.
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Differential Diagnosis
 1. Oropharyngeal cancer. It usually occurs in people aged 

40–60 years old, manifesting as density mass of soft tis-
sue in oropharynx, with unclear margin, cystic degenera-
tion and necrosis, heterogeneous enhancement by 
enhanced scan, and cervical lymphatic metastasis in early 
stage.

 2. Neurilemmoma. It manifests as quasi-circular soft tissue 
density mass with clear edges. The fat connective tissue 
in the parapharyngeal space is displaced anterolaterally, 
and the larger tumor is of mixed densities, which shows 
enhancement to different extents by enhanced scan.

 3. Lymphoma. It is common in middle-aged men. It mani-
fests as a soft tissue mass that develops in or around the 
pharyngeal cavity, with homogeneous density or signal 
intensity, and shows mild to moderate enhancement by 
enhanced scan. Most of them have no infiltration of para-
pharyngeal space or bone destruction of skull base.

Status Quo and Progress of Research
Because the position of parapharyngeal space is deep and the 
surface is covered with thick muscles, it is difficult to find 
abscess formation in early stage. CT scan can differentiate 
septa and fluid accumulation at different levels, and show the 
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Fig. 24.13 Left parapharyngeal abscess (1). (a and b) A 24-year-old 
male patient. Pain in the left pharynx for 1 week. (c–f) A 47-year-old 
female patient. Pain in the left face for 2 weeks. Left parapharyngeal 
abscesses. (a) Non-enhanced CT scan indicates soft tissue swelling in 
the left parapharyngeal space, with low-density shadows; (b) CT 

enhanced scan shows lesions as marked ring enhancement; (c) Axial 
T1WI shows isointenses in enlarged soft tissues; (d) Axial T2WI shows 
heterogeneous hyperintense. (e) Coronal T2WI clearly shows the extent 
of lesion involvement; (f) DWI shows diffusion limitation and hyperin-
tense of abscess
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Fig. 24.14 Left parapharyngeal abscess (2). A 45-year-old male 
patient. Pain in the left pharynx, with swelling of left face and dyspha-
gia for 1 week. (a and b) MRI T1WI and T2WI fat-suppressed sequence 
shows soft tissue swelling in the left parapharyngeal space, and 
increased signal intensity of the left medial pterygoid and lateral ptery-
goid on T2WI fat-suppressed sequence, with a ring hyperintense shadow 

in the lesion and isointense on the wall. The left tongue root and lateral 
pharyngeal wall were compressed, and the oropharyngeal cavity 
became narrow. (c) DWI shows limited spread of lesions with hyperin-
tense. (d) ADC shows hypointense of lesions. (e and f) Enhanced exam-
ination shows lesions having marked enhancement and irregular ring 
enhancement on the wall
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great vessels in the neck, which can be differentiated from 
cellulitis. MRI can clearly show the location, scope, and sur-
rounding relationship of lesions. MRI DWI sequence plays a 
very important role in evaluating the scope of lesions, abscess 
formation, and treatment response of abscess, and has 
become a routine sequence of parapharyngeal space infec-
tion at present.

24.6  Inflammatory and Hyperplastic 
Diseases of Pharyngeal Lymph Nodes

Overview
Pharyngeal reactive lymph node proliferation, also known as 
reactive adenopathy (RPS), is a common benign hyperplastic 
disease of lymph nodes or soft tissues. There are multiple 
reasons leading to lymph node enlargement and lymphade-
nosis in pharynx and other parts of the body, such as inflam-
mation, virus infection, vaccination, some drug reactions, 
immune diseases, and other factors. Viral infection is the 
most common cause, which usually leads to slight enlarge-
ment of bilateral lymph nodes without peripheral inflamma-
tion. Cytomegalovirus infection, herpes simplex virus 
infection, chickenpox and rubella are common viral causes, 
but they usually need to be associated with clinical or labora-
tory data before making a definite diagnosis. Most of the 
patients with the disease are teenagers, and the common 
sources of infection are limited head and neck infections, 
such as pharyngitis and systemic virus infection.

Pathology Findings
Pathological lymph nodes vary in size, ranging from 1 cm to 
3 cm in diameter, sometimes up to 10 cm. Microscopically, 
due to different pathogenic reasons, reactive proliferation of 
lymph nodes often has different histological structures. 
Histological manifestations are lymphoid follicular prolifer-
ation, paracortical proliferation, sinus histiocytosis, and 
mixed proliferation.

Imaging Findings
 1. CT manifestations. CT can clearly show the location, 

scope, and number of enlarged lymph nodes, and also 
show the relationship between lymph nodes and periph-
eral tissues to guide clinical biopsy. The characteristic 
manifestation is the enlargement of lymph nodes in the 
parapharyngeal or retropharyngeal space, the short diam-
eter of node is often ≤1.5  cm, and isolated enlarged 
lymph nodes are the most common. The density of non- 
enhanced scan is homogeneous, equal to or slightly lower 
than that of adjacent muscles, and it has marked enhance-
ment by enhanced scan, and the enhancement is homoge-
neous [19, 20].

 2. MRI findings. Homogeneous hypointense or isointense 
on T1WI; homogeneous isointense on T2WI; diffusion 
limitation and hyperintense on DWI.  T1WI enhanced 
scan shows various enhancement forms, most of which 
are marked enhancement (Figs. 24.15 and 24.16).

Key Points of Diagnosis
 1. Young patients with pharyngitis or systemic virus 

infection.
 2. CT shows homogeneous shadows of slightly enlarged ret-

ropharyngeal space nodules, with or without other related 
reactive nodules in the neck.

 3. MRI shows round nodules with clear margin, homoge-
neous signal, and marked enhancement.

Differential Diagnosis
 1. Lymph node tuberculosis. It is mostly found in young 

adults, and the enlarged lymph nodes have heterogeneous 
density and ring enhancement. When multiple lymph 
nodes are fused, a garland-like enhancement can be 
found.

 2. Lymphatic metastasis. These patients mostly have his-
tory of primary tumors. The density of enlarged lymph 
nodes is heterogeneous, with cystic degeneration and cal-
cification. No enhancement is found by enhanced scan, 
and the margin is unclear.

 3. Malignant lymphoma. Often involves mediastinal 
lymph nodes, and enlarged lymph nodes are easy to inte-
grate into a mass, which often manifests as mild or mod-
erate enhancement.

Status Quo and Progress of Research
Cervical lymph nodes are regional lymph nodes for tumor 
metastasis and inflammation drainage in head and neck, and 
they are also important barriers for preventing inflammation 
invasion and preventing tumor cells from spreading. 
Therefore, it is very important to differentiate the benign and 
malignant cervical lymph nodes.

CT perfusion imaging is a non-invasive functional imag-
ing method to evaluate the perfusion state of tissue blood 
flow, which can quantitatively analyze different pathological 
lymph node lesions in the neck, and has certain clinical value 
in differentiating cervical lymphatic metastasis and inflam-
matory reactive proliferation of lymph nodes.

Dual-energy spectrum analysis can provide some valu-
able information for differentiating benign and malignant 
lymph node lesions. CT value measurement corresponding 
to different single energy diagrams has a certain potential 
value for differentiating lymph node lesions of different 
pathological types.

Many studies on interstitial magnetic resonance lym-
phography have been carried out in recent years. By using 
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Fig. 24.15 Reactive adenopathy of left pharynx. A 47-year-old male 
patient. The pharyngeal mass of 6 months is found by physical exami-
nation. (a) Axial T1WI non-enhanced scan indicates isointense nodules 
in the left pharynx; (b) Axial T2WI shows hyperintense of nodules. (c) 
diffusion limition and hyperintense of nodule on DWI; (d) Axial T1WI 

enhanced scan shows nodule with marked enhancement and continuous 
with the lymphatic tissue posterior to the tongue root. (e) Coronal T1WI 
non-enhanced scan indicates that the left pharyngeal nodule protrudes 
to the pharyngeal cavity; (f) Enhanced T1WI on coronal plane shows 
marked enhancement of nodules

a b

Fig. 24.16 Inflammatory and hyperplastic at the nasopharyngeal roof 
and acute inflammation of left parotid gland. An 11-year-old male 
patient. The left face is swollen and painful for 1 week. (a) Axial T1WI 
non-enhanced scan indicates isointense of nodules at the nasopharyn-

geal roof. (b) Axial T2WI shows hyperintense of nodules and enlarged 
lymph nodes (indicated by arrow) in bilateral retropharyngeal spaces. 
Diffuse enlargement of left parotid gland
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magnetic resonance contrast agents combined with macro-
molecules, which has a large molecular weight and molec-
ular volume, the technique can make target lymph node 
maintain at a higher enhanced level within an extended 
period, thus effectively developing the morphology of 
lymph vessels and lymph nodes in drainage area for reac-
tive hyperplasia of lymph node and lymph node tumor 
metastasis. In this sense, it is of value for differentiating 
cervical lymph node metastasis and reactive hyperplasia 
[21, 22].

24.7  Granulomatous Lesions

24.7.1  Pharyngeal Tuberculosis

Overview
Tuberculosis is a common infectious disease. It mainly 
occurs in the respiratory system, and also involves the phar-
ynx. Pharynx is a rare part affected by tuberculosis of head 
and neck besides lymph nodes. Pharyngeal tuberculosis is 
rare and can be primary or secondary to lung or systemic 
infection. Tuberculosis is a chronic caseous granuloma. The 
disease occurs in adults and is most common in the age group 
of 20–30  years. Head and neck involvement accounts for 
12% of patients with extra-pulmonary tuberculosis. It is 
common in cervical lymph nodes, and also occurs in oral 
cavity, tongue, pharynx, larynx and parotid gland, but rarely 
occurs in paranasal sinus and petrosal bone. If the head and 
neck mucosal tuberculosis cannot be treated promptly and 
effectively, the patient may have calcification, liquefaction, 
abscess, sinus, and other symptoms in advanced stage. 
Pharyngeal tuberculosis clinically manifests as sore dry 
throat and hoarse cough, complicated with scorching effect 
and increased secretion. In severe cases, patients may have 
difficulty in eating. Fiberoptic nasopharynx laryngoscopy 
shows multiple superficial ulcers and erosions of soft palate, 
palatal arch, posterior pharyngeal wall, tonsil, etc., with 
irregular borders and gray-white or gray-yellow dirty secre-
tion attached on the surface.

Pathology Findings
Pathological manifestations include granuloma, central 
necrotic granuloma, and fibrous calcification. The main 
pathological features are caseous necrosis, epitheloid cell 
granuloma formation, and lymphocytes surrounding 
Langhans giant cells

Imaging Findings
 1. CT examination. It shows unilateral or bilateral lesions 

in pharyngeal tuberculosis, involving the tongue or pala-

tine tonsil (Fig. 24.17), with parapharyngeal or retropha-
ryngeal abscess and cervical lymphadenitis developed, 
and typical marginal ring enhancement sign by enhanced 
CT. CT scan of nasopharyngeal tuberculosis often shows 
diffuse mucosal thickening and polypoid mass at the 
nasopharyngeal roof, which has unremarkable invasion to 
peripheral structures. The adjacent structures are faintly 
visible on non-enhanced scan, and muscles in pharynx 
show clear margin by enhanced scan. The lesions are dif-
ferent in density, showing hyperintense, isointense and 
hypointense homogeneous density; heterogeneous den-
sity, with intetrnal low density shadows; the lesions of 
granulation tissue formation show isointense or hyperin-
tense density, with caseous necrosis and heterogeneous 
hypointense density. On non-enhanced CT scan, the mar-
gin between the lesion with large scope and adjacent 
structures is unclear (Fig. 24.17). The central necrosis of 
the enlarged lymph nodes in the neck, and the marginal 
ring enhancement in early stage by enhanced scan has 
characteristic ignificance [23–25]

 2. MRI examination. It usually shows mass or diffuse 
mucosal thickening, with isointense on T1WI and T2WI 
sequences, moderate enhancement by T1WI enhanced 
scan, hypointense on T1WI and hyperintense on T2WI in 
the center of the lesion, indicating necrosis in the lesion.

Fig. 24.17 Nasopharyngeal tuberculosis. A 55-year-old female 
patient. CT on soft tissue window shows swelling of soft tissue at the 
nasopharyngeal roof, irregular surface and bilateral pharyngeal recess
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Key Points of Diagnosis
 1. Patients mostly have clear symptoms of pharyngeal infec-

tion and a history of pulmonary tuberculosis
 2. Lesions often involve palatine tonsils, epiglottis, parapha-

ryngeal or retropharyngeal spaces, and nasopharyngeal 
roof, and local mucosal thickening or lumps.

 3. On non-enhanced CT scan, it shows iso- and low-density 
mass shadows with unclear margin, and ring enhance-
ment by enhanced scan.

 4. MRI shows isointense on T1WI and isointense on T2WI, 
hypointense on T1WI, and hyperintense on T2WI in cen-
tral necrotic area, with ring enhancement by enhanced 
scan.

 5. The diagnosis must be confirmed by pathological biopsy.

Differential Diagnosis
 1. Nasopharyngeal carcinoma. It mostly starts from the 

pharyngeal recess, develops unilaterally, easily invades 
the deep part, often has unclear margin with the periph-
eral structures, complicated with bone destruction of 
skull base. Cervical lymphatic metastasis mainly mani-
fests as solid mass, with mild to moderate homogeneous 
enhancement, and rare necrosis

 2. Nasopharyngitis. The mucosa at the nasopharyngeal 
roof is thickened, showing “small bubble sign,” often 
complicated with nasal conchahypertrophy and rhinosi-
nusitis, and rarely showing cervical lymph node 
enlargement.

Status Quo and Progress of Research
It has been reported [26] that the most common site of tuber-
culosis of head and neck is cervical lymph nodes; In addi-
tion, unlike tuberculosis, patients with pharyngeal 
tuberculosis may not have typical symptoms of tuberculosis 
infection, which makes the diagnosis very difficult. 
Traditional ultrasonography, CT and MRI are difficult to 
diagnose pharyngeal tuberculosis directly, which can only be 
diagnosed by referring to the clinical history.

24.7.2  Granulomatosis with Polyangiitis

Overview
In January 2011, the American College of Rheumatology 
(ACR), American Society of Nephrology (ASN), and 
European League Against Rheumatism (EULAR) Council 
recommended to rename the Wegener granulomatosis as 
granulomatosis with polyangiitis (GPA) [27]. Granulomatosis 
with polyangiitis is a kind of necrotic granulomatosis with 
polyangiitis, which is an autoimmune disease that can 
involve any organ or structure of the body. In most cases, 
granulomatosis with polyangiitis involves the nose, mouth, 
ears, lungs, and kidneys. Typical triad of granulomatosis 

with polyangiitis includes upper respiratory tract (paranasal 
sinus, middle ear, nasopharynx, and oropharynx), lower 
respiratory tract (trachea, bronchus, and lung parenchyma) 
and nephropathy. ENT manifestations are bloody nasal 
secretion and scab lasting for more than 1 month, or nasal 
ulcer; chronic rhinosinusitis, otitis media or mastoiditis last-
ing for more than 3 months; posterior orbital mass or 
 inflammation; subglottic stenosis; Saddle nose deformity/
nasal-paranasal sinus destructive disease.

Pathology Findings
The lesions involve small arteries, veins and capillaries, and 
occasionally large arteries. The typical pathological manifes-
tation is inflammation of vascular walls, and it mainly 
invades upper and lower respiratory tract and kidney. It usu-
ally starts with focal granulomatous inflammation of nasal 
mucosa and lung tissue and then progresses to diffuse 
necrotic granulomatous inflammation of blood vessels. 
Otolaryngology is an early and easily involved part of the 
disease, which is mostly caused by local tissue inflamma-
tion, proliferation, and granuloma. There are multiple clini-
cal manifestations of lesions in ear, nose and larynx, among 
which nasal obstruction, epistaxis, nasal cavity, and parana-
sal sinus tumors are the most common. Pathologically, vari-
ous nonspecific inflammations by inflammatory cell 
infiltration are found, and granuloma, multinucleated giant 
cells, parenchymal necrosis, microabscess, and vasculitis 
can also be found [28].

Imaging Findings
When granulomatosis with polyangiitis involves nasophar-
ynx and larynx, nasal septum and nasal concha can be 
involved, it spreads to other paranasal sinuses and eventu-
ally leads to the destruction and disappearance of maxillary 
sinus wall, ethmoidal sinus septum, papyraceous lamina and 
cribriform plate to form hollows (Fig. 24.18), which gener-
ally does not invade the hard palate. When the nasopharynx 
is involved, it shows irregular soft tissue shadows with bone 
destruction. Local lymph nodes are generally not swollen. 
GPA will affect many organ systems mainly lung and kid-
ney. When the lung is involved, nodules or hollows may 
appear on CT, and some cases show multiple nodules dis-
tributed bilaterally. There are annular ground-glass shadows 
around the nodules, and the pleural effusion indicates pleu-
ral involvement [29]. MRI shows a wide scope of lesions, 
with irregular isointense T1WI and isointense T2WI, and 
mild to moderate enhancement by MRI enhanced 
examination.

Key Points of Diagnosis
 1. The disease mainly occurs in older adults with inflamma-

tion in nose or mouth (painful or painless oral ulcer, or 
purulent or bloody nasal secretion)
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Fig. 24.18 Granulomatosis with polyangiitis of orbit and paranasal 
sinus. A 51-year-old male patient. Exophthalmos of left eye with lacri-
mation, swelling of the inner canthus in the left eye, conjunctival con-
gestion, headache, and frequent sneezing; (a and b) CT coronal view 
shows soft tissue density shadows in left orbit, ethmoidal sinus, and 
maxillary sinus, with unclear margin with left medial rectus and inferior 
rectus, and bone destruction of partial cribriform plate, uncinate process, 
and maxillary sinus wall; (c, d, f and g) Non-enhanced scan indicates 

isointense on T1WI, and slightly hypointense on T2WI. (e) Enhancement 
shows marked and homogeneous enhancement; (h) Slightly hyperin-
tense on DWI, and slight diffusion limitation of lesions; (i) ADC value 
of lesions in ADC diagram decreased slightly; (j–l) After nasal-orbital 
combined approach with resection of left orbital mass and paranasal 
sinus mass, non-enhanced MRI scan indicates that the lesions are signifi-
cantly smaller than before, with isointense on T1WI, isointense and 
hypointense on T2WI, and unremarkable enhancement by enhanced scan

24 Infectious and Inflammatory Diseases of Pharynx



274

 2. The typical manifestations are bone and cartilage destruc-
tion leading to saddle nose deformity and upper airway 
mass.

 3. Chest X-ray examination is often conducted, and chest 
X-ray examination shows nodules, fixed infiltrative 
lesions or hollows; Abnormal urinary sediment, micro-
scopic hematuria, or red cell cast.

 4. Clinical triad includes upper respiratory tract symptoms 
(including rhinosinusitis, nasal mucosa ulcer, otitis 
media, subglottic stenosis), lower respiratory tract 
symptoms (cough, chest pain, hemoptysis), and 
glomerulonephritis.

 5. CT shows that nasal septum, nasal concha, maxillary 
sinus wall, ethmoidal sinus septum, papyraceous lamina, 
and cribriform plate are destroyed and disappear to form 
hollows, which generally do not invade the hard palate. 
When the nasopharynx is involved, it shows irregular soft 
tissue shadows with bone destruction. MRI shows a wide 
scope of lesions, with irregular isointense T1WI and 
isointense T2WI, and mild to moderate enhancement by 
MRI enhanced examination.

Differential Diagnosis
 1. Lymphoma. Most patients with Hodgkin’s lymphoma 

have significant onset, most common in asymptomatic 
lymphadenopathy or mass found by chest X-ray exami-
nation, and a few patients may have nonspecific symp-
toms and signs that comply with infection rather than 
malignant tumor, and Hodgkin’s lymphoma rarely con-
ceals its onset. Lymphoma can damage the midline struc-
tures such as nasal septum and nasal concha in a short 
time when it involves otolaryngology, which involves 
more extensive scope, easy to invade the bone of maxil-
lofacial skull base and resulting in soft tissue swelling.

 2. Sarcoidosis. It can involve pharynx, larynx, nostril, and/
or paranasal sinuses. All patients with systemic sarcoid-
osis and upper respiratory tract symptoms should be sus-
pected of upper respiratory sarcoidosis. Laryngeal 
involvement of sarcoidosis usually involves supraglottic 
region, and subglottic region involvement is rare. Nasal 
obstruction, nasal scab formation, and anosmia are the 
most common symptoms in patients with rhinosinusitis 
caused by sarcoidosis. CT can show nonspecific mucosal 
thickening of nasal cavity and paranasal sinus, paranasal 
sinus with soft tissue shadows, and nasal sarcoidosis can 
cause bone destruction.

Status Quo and Progress of Research
When granulomatosis with polyangiitis involves nasal cav-
ity and paranasal sinus, the imaging manifestations are 
mucosal thickening of paranasal sinus, bone destruction of 
nasal cavity and paranasal sinus, sclerosing osteitis and 
hyperostosis, etc. However, these signs are nonspecific and 

need to be confirmed by pathology and laboratory test. 
Granulomatosis with polyangiitis is a rare disease poorly 
understood, and we are unfamiliar with the clinical manifes-
tations of GPA.  If the clinical symptoms cannot be com-
bined with imaging data, it is easy to cause misdiagnosis. 
Imaging findings of granulomatosis with polyangiitis are 
diverse, sometimes they are similar to other diseases, and it 
is difficult to make differential diagnoses. Therefore, the 
imaging diagnosis of GPA should be combined with clinical 
symptoms and other examinations, and referring to chest 
images to dynamically observe its changes to reduce the 
misdiagnosis rate [4].

24.7.3  Sarcoidosis

Overview
Sarcoidosis is a cryptogenic, immune-mediated multisys-
tem disease pathologically featured by non-caseous epithe-
loid cell granuloma, which is most common in the lung and 
lymphatic system and can also involve the head and neck. It 
is common in nasopharynx, paranasal sinus, larynx, phar-
ynx, salivary gland, and cervical lymph nodes. Sarcoidosis 
is distributed all over the world, regardless of age, sex, and 
region, people of any ethnic group can have sarcoidosis, but 
they are different in incidence rate. It is relatively common 
in female, non-smokers, and the onset age is usually under 
50 years old, with peak period ranging from 20 to 29 years 
old. Sarcoidosis mostly occurs in people over 40 years old 
in China [30].

The severity of clinical manifestations of sarcoidosis is 
related to sarcoidosis classification, involved organs, and 
their functions. Patients with oropharynx involvement may 
have symptoms such as dyspnea, cough, stridor, dysphagia, 
obstructive sleep apnea. Patients with nasopharynx involve-
ment may have symptoms such as progressive nasal obstruc-
tion, stuffy, tinnitus, and hearing loss; Painless enlarged 
lymph nodes in the neck are tender, and nasal mucosa is con-
gested. Indirect nasopharyngoscopy shows nasopharyngeal 
mass, significant eminence in pharyngeal recess, smooth sur-
face, and difficult hemorrhage by touch. The diagnosis of 
sarcoidosis needs to combine clinical symptoms, imaging 
findings, and pathological evidence, and exclude other gran-
ulomatous inflammatory diseases.

Pathology Findings
The general pathology is mostly isolated, well-defined, with 
red-yellow adenoid lobulated nodules that are mostly located 
in the midline of nasopharynx. The characteristic pathologi-
cal change of sarcoidosis is isolated, dense, and non-caseous 
epithelioid cell granuloma. Epithelial granuloma consists of 
highly differentiated monocytes/macrophages (epithelioid 
cells and giant cells) and lymphocytes. The inclusions in the 
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cytoplasm of giant cells include astroid corpuscles and 
Schaumann corpuscles. The central part of granuloma is 
mainly composed of CD4+ lymphocytes, while CD8+ lym-
phocytes are in the periphery of granuloma. The diagnosis of 
sarcoidosis depends on pathological biopsy, which aims to 
find non-caseous epithelioid cell granuloma and exclude 
tuberculosis, metastatic tumor, lymphatic system tumor, or 
other granulomatous diseases.

Imaging Findings
 1. CT examination. Swelling and thickening of the poste-

rior wall of nasopharyngeal roof, iso-density shadows 
mass, which is not distinctively separated from the 
peripheral soft tissue, and marked enhancement by 
enhanced scan. No bone destruction of skull base. 
Enlarged lymph nodes in the neck [31].

 2. MRI examination. MRI shows significantly thickened soft 
tissue shadows on the nasopharyngeal roof with unclear 
margin, homogeneous signal intensity, with isointense on 
T1WI, hyperintense on T2WI and slightly hyperintense on 
ADC, and homogeneous mild to moderate enhancement by 
enhanced examination. MRI can also show multiple 
enlarged lymph nodes in retropharyngeal space and neck.

 3. PET/CT examination. 18F-FDG PET/CT can obtain 
complete morphological and functional images of inflam-
matory activity localization of sarcoidosis, and visit the 
therapeutic effect of patients with sarcoidosis, and show 
specifically clinical application value, especially for atyp-
ical, complex and multi-system involvement cases. 
Imaging shows that the local metabolism of the lesion 
increased, and the sensitivity to larynx sarcoidosis can 
reach 80%.

Key Points of Diagnosis
 1. Pharyngeal discomfort is a common clinical symptom, 

and the morphological manifestations detected by naso-
pharyngoscope show systemic sarcoidosis involving mul-
tiple systems

 2. According to imaging, the lesions often involve the pos-
terior wall of the nasopharyngeal roof, with local mucosal 
thickening or formation of lumps.

 3. CT shows iso-density mass in nasopharynx with unclear 
margin, homogeneous signal on MRI, isointense on 
T1WI, hyperintense on T2WI, and slightly hyperintense 
on ADC, and homogeneous mild to moderate enhance-
ment by enhanced examination. MRI can also show mul-
tiple enlarged lymph nodes in retropharyngeal space and 
neck.

 4. 18F-FDG PET/CT shows that the local metabolism of the 
lesion is increased, and similar lesions in multiple sys-
tems of the whole body can be found.

 5. The diagnosis must be confirmed by pathological biopsy.

Differential Diagnosis
 1. Pharyngeal infection or abscess. It has significant 

symptoms, such as sore throat and fever. Pharyngeal soft 
tissue is significantly swollen without clear margin. The 
enhanced scan shows mild enhancement, and it shows 
marked ring enhancement when abscess is formed.

 2. Pharyngeal tuberculosis. Patients often have systemic 
tuberculosis poisoning symptoms, which are difficult to 
differentiate from sarcoidosis due to similar imaging 
findings, and biopsy is required for diagnosis.

 3. Pharyngeal tumor. It usually manifests as iso-density 
masses by CT. MRI shows the masses more clearly, with 
mild and moderate enhancement by enhanced scan and 
clear margin from peripheral tissues. The malignant 
tumor shows heterogeneous density or signal intensity 
and necrosis, often complicated with regional lymph 
node enlargement.

Status Quo and Progress of Research
In recent years, 18F-FDG PET/CT has been widely used in 
the diagnosis and follow-up of sarcoidosis. As a metabolic 
imaging technique, 18F-FDG PET/CT imaging is sensitive to 
the evaluation of sarcoidosis and can find occult lesions that 
cannot be found by conventional imaging technologies, such 
as CT and MRI [32]. PET/CT examination shows that meta-
bolic activity of part involved by sarcoidosis is enhanced, 
which is more sensitive than other imaging examinations, 
and it is directional for judging the other parts of the whole 
body involved by sarcoidosis, which is of great significance 
for judging parts requiring biopsy. Meanwhile, PET/CT can 
also be used to judge whether other important organs are 
involved, such as heart and nervous system, which also pro-
vides bases for evaluating prognosis.

24.7.4  Fungal Infectious Granuloma

Overview
Pharyngeal fungal infections include coccidiosis, histoplas-
mosis, spores, cryptococcus, candida, sporotrichosis, and 
many other fungi. It is mostly found in patients with cachexia, 
diabetes, hypoparathyroid glandism, AIDS, and receiving 
radiotherapy. Due to the wide application of corticosteroids 
and antibiotics, the incidence increases. The decrease of 
human immunity, especially the decrease of cellular immu-
nity, is an important cause of the disease. In recent years, 
literature statistics at home and abroad show that the number 
of patients with unknown etiology increases, and 50% of the 
cases are hosts with normal immunity. Transmission routes 
may include respiratory tract, digestive tract and skin. 
Clinical manifestations include pharyngeal discomfort, grad-
ually increased painless parapharyngeal lump, and no symp-
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toms such as chills, fever, redness, and heat pain. Physical 
examination: Parapharyngeal mass, covered with mucosa.

Pathology Findings
For fungal granuloma, the pathogen can be identified accord-
ing to clinical manifestations and fungal culture, but some-
times the positive results may be caused by pollution, and 
histopathology is the gold standard for diagnosis of fungal 
granuloma. Different from non-infectious granuloma, the 
main characteristic of tissue reaction of deep fungal Infection 
is the mixed inflammatory cell infiltration involving tissue 
cells. Histopathological biopsy by aspiration biopsy of lesion 
shows that inflammation significantly affects whole layers of 
tissue, and granuloma is infiltrated by histiocytes, multinu-
cleated giant cells interspersed with lymphocytes, plasma 
cells, and neutrophils

Imaging Findings
 1. CT examination. The soft tissue mass of pharynx shows 

unclear margin, infiltrative growth, and relatively low 
density in the center. Adjacent soft tissues, including 
muscles, may be invaded. Multiple cervical spaces can be 
involved across fascia. By enhanced scan, it shows mod-
erate and relatively homogeneous enhancement. If there 
is central purulent necrosis, granulation tissue, and strong 
fibrosis around it, a marked ring enhancement can be 
found. Some cases may have mild regional reactive 
lymph node proliferation. CT scan is very helpful for 
early diagnosis, estimating the extent of lesions and 
patient response to treatment [33, 34].

 2. MRI examination. Pharyngeal mass shows isointense on 
T1WI and T2WI with moderate enhancement by contrast- 
enhanced scan [33, 34].

Key Points of Diagnosis
 1. It often occurs in patients with low immunity, manifest-

ing as discomfort in pharynx and gradually increased 
painless parapharyngeal lump. No such symptoms as 
chills, fever, redness, and heat pain.

 2. Imaging findings show pharyngeal soft tissue mass with 
iso-density shadows and indistinct border, isointense on 
T1WI and T2WI, moderate homogeneous enhancement 
by enhanced scan, and ring enhancement indicating the 
central tissue necrosis.

 3. Biopsy is necessary to understand the histological fea-
tures of lesions and determine the types of pathogens.

Differential Diagnosis
 1. Parapharyngeal abscess. It shows severe infection 

symptoms, blurred edge of abscess, low density in center, 
typical ring enhancement by enhanced scan, and multi-
locular changes found occasionally.

 2. Pharyngeal tuberculosis. Patients often have systemic 
tuberculosis poisoning symptoms, which are difficult to 
differentiate from fungal infection due to similar imaging 
findings, and biopsy is required for diagnosis.

 3. Pharyngeal malignant tumor. It is a solid lump in phar-
ynx, with relatively clear margin and heterogeneous 
enhancement by enhanced scan. Enlarged lymph nodes 
are found in corresponding areas, which is more common 
than fungal infectious granuloma.

Status Quo and Progress of Research
Fungal infection in larynx is relatively rare. Fungi can multi-
ply in large numbers only under the conditions of decreased 
immunity, tumor radiotherapy, decreased resistance of local 
tissues, systemic wasting diseases, metabolic diseases, and 
inappropriate long-term application of antibiotics and steroid 
hormones. It is difficult to judge the histological characteris-
tics and pathogen types of lesions by imaging examination, 
and biopsy is necessary for diagnosis. In some rare cases, 
fungal infectious granuloma may coexist with tumor. In that 
case, the common imaging methods are easy to lead to a 
missed diagnosis. Therefore, the histopathologic examina-
tion should be combined for improving detection rate [35].
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25.1  Infantile Acute Laryngitis

Overview
Acute laryngitis in children is caused by viral infection of the 
upper respiratory tract, which mainly occurs in children from 
6 months to 3 years old, with peak age at 2 years old, espe-
cially in male infants [1]. The most common pathogens are 
influenza virus, parainfluenza virus, adenovirus, interstitial 
lung virus, respiratory syncytial virus and coronavirus [1]. 
Most of the infections are secondary to upper respiratory 
tract infection, which is originated from nasopharynx and 
spreads along respiratory epithelium, then causing inflam-
mation in larynx and glottic portion. Congestion and edema 
in the area are important causes of airway obstruction to dif-
ferent extents. When the originally unobstructed airway nar-
rows due to mucosal swelling, the normal airflow is restricted, 
resulting in poor ventilation and dyspnea. The acute laryngi-
tis deteriorates and progresses rapidly, thus the mild airway 
constriction develops to severe obstruction within 24–48 h. 
Children may have barking cough, dysphonia, aphonia, 
hoarse crying and inspiratory stridor. In some severe cases, 
in addition to severe dyspnea and dysphoria, pallor, cyanosis, 
numbness, epilepsy, apnea and even death may occur. Larynx 
cavity is narrow in children, which is about 1/5 of that of 
adults, and the laryngeal nervous system is underdeveloped, 
thus the secretion is difficult to be expectorated, and laryngo-
spasm is more likely to occur.

Pathology Findings
Acute laryngitis in children mainly occurs in the laryngeal 
mucosa around the subglottic cavity, and inflammation 
developing downward may involve the trachea. 
Microscopically, congestion, edema, and neutrophil infiltra-

tion are found in mucosa and submucosa of subglottic cavity. 
In severe cases, cellulitis occurs inferior to the laryngeal 
mucosa, and abscess formation and even necrotizing inflam-
mation are found in some cases.

Imaging Findings

 1. X-ray Examination. PA view shows that partial arc- 
shaped eminence on the lateral wall of the normal sub-
glottic trachea disappears, and the laryngeal mucosa 
shows “steeple sign” due to edema. In the lateral view, the 
hypopharyngeal cavity is over-expanded in inspiratory 
phase, and the subglottic trachea mucosa is blurred in 
expiratory phase.

 2. CT Examination. Multiple parts of laryngeal mucosa 
have diffuse swelling and thickening, including aryepi-
glottic fold, vocal cords, ventricular fold and subglottic 
area, with smooth margins and bilateral symmetry, and 
the larynx cavity has constriction to different extents. 
However, the paralaryngeal space is clearly shown, with-
out surrounding bone destruction (Fig. 25.1).

 3. MRI Examination. Thickening and swelling of laryn-
geal mucosa, hypointense on T1WI and hyperintense on 
T2WI, and hyperintense on DWI. The paralaryngeal space 
is clear, without abnormal signal in the surrounding bone, 
and the larynx cavity has constriction to different extents.

 4. Ultrasonography. The ultrasonography of adult larynx is 
seldom used in clinical practice. However, as thyroid car-
tilage in children has not been calcified, ultrasonography 
can clearly show the laryngeal structure. Ultrasonography 
of acute laryngitis in children can indicate swelling and 
thickening of laryngeal mucosa and stenosis of larynx 
cavity. When local abscess is formed by laryngeal inflam-
mation, lumpy fluid sonolucent areas are found in the 
focus area, and the internal echo is heterogeneous 
(Fig. 25.2).
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Key Points of Diagnosis

 1. Clinical manifestations: Acute onset, barking cough and 
inspiratory dyspnea are the main clinical features of acute 
laryngitis in children.

 2. X-ray shows disappearance of partial arc-shaped emi-
nence on the lateral wall of the subglottic trachea and nor-
mal epiglottis, which are main imaging features.

 3. CT shows multiple parts of laryngeal mucosa having dif-
fuse swelling and thickening, including aryepiglottic 
fold, vocal cords, ventricular fold and subglottic area, 

with smooth margins and bilateral symmetry and the lar-
ynx cavity has constriction to different extents. However, 
the paralaryngeal space is clearly shown, without sur-
rounding bone destruction.

Differential Diagnosis

 1. Foreign Matters in Respiratory Tract. Patients mostly 
have history of inhalation of foreign matters, paroxysmal 
choking cough with inspiratory dyspnea, with slap sound 
by active foreign matters in trachea. X-ray photography 
can definitely diagnose radiopaque foreign matters. 
Ultrasound can detect foreign matters in larynx, includ-
ing metallic and nonmetallic foreign matters. Foreign 
matters show strong echo with shadows in posterior. The 
shape of foreign matters and surrounding complications 
can be observed, and bedside dynamic observation is 
conducted to monitor and remove the foreign matters [2].

 2. Laryngospasm. It is common in small infants. It has 
acute onset, shows no hoarseness and develops within a 
short period. Clinical symptoms are severe, and they can 
disappear immediately when the spasm is relieved.

 3. Throat Diphtheria. It has slow onset and severe systemic 
toxic symptoms. Patchy gray-white albuginea is found in 
larynx examination. It is difficult to be wiped off and easy 
to bleed if it is peeled off forcedly. Sometimes, the cervical 
lymph nodes are enlarged, showing bovine neck shape. 
Diphtheria can be found by smear and culture.

 4. Acute Epiglottitis. It is an acute inflammatory disease 
mainly involving the epiglottis and its peripheral tissues, 
characterized by severe edema of epiglottis. The lateral 
X-ray film of the neck shows that the epiglottis volume is 

a b c

Fig. 25.1 Acute laryngitis in children. A 16-month-old female patient. 
Fever with acute dyspnea for several hours. (a–c) Non-enhanced scan 
of larynx shows significant thickening and swelling of mucosae of lar-

ynx in the scanning area, with smooth margins and bilateral symmetry, 
reduced larynx cavity, and cathetering shadows in the airway

Fig. 25.2 Laryngitis with abscess formation. Laryngeal ultrasonogra-
phy shows widened left piriform recess, with significant fluid sonolu-
cent area and internal homogeneous echo, which is considered as 
piriform recess infectious inflammation with abscess and liquefaction
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thickened, enlarged and swollen, and part of the anterior 
epiglottis space disappears. On non-enhanced CT scan, 
the epiglottis is thickened and swollen, showing soft tis-
sue density shadows. In severe cases, the anterior epiglot-
tis space disappears. If abscess is formed, irregular mass 
soft tissue density shadows are found. Ring enhancement 
is found by CT enhanced scan. On non-enhanced MRI 
scan, epiglottis thickening is found, showing hypointense 
on T1WI and hyperintense on T2WI.

Status Quo and Progress of Research
Acute laryngitis in children has a rapid onset and progress in 
clinical symptoms. Most patients can be diagnosed by physi-
cal examination and clinical symptoms. When complications 
such as laryngeal abscess occur, CT examination is often 
used to determine the scope of the lesion. Because of the 
sensitivity of minors to X-ray, especially the thyroid gland, 
which is a sensitive organ in the neck, CT examination 
should be avoided if possible, and should be replaced by 
laryngeal ultrasonography when necessary [2, 3].

25.2  Acute Epiglottitis

Overview
Acute epiglottitis, also known as supraglottitis, is a special 
acute inflammatory disease that mainly involves the epiglot-
tis and its peripheral tissues (including vallecula epiglottic, 
aryepiglottic fold) in the supraglottic portion of larynx. It 
manifests as severe edema of epiglottis, rapid onset and criti-
cal condition, and is one of the acute and severe diseases in 
laryngology. If treatment is delayed, misdiagnosed or missed, 
resulting in untimely treatment or improper treatment, the 
patient will die within a few hours.

The causes of acute epiglottitis include infection, allergic 
reaction, trauma and acute inflammation of adjacently 
involved organs, among which infection is the most common 
cause. The most common pathogen is Haemophilus influen-
zae type B, which has been gradually eliminated by vaccina-
tion [4]. Trauma and systemic allergic reaction can cause 
inflammation and edema in epiglottal region. Acute inflam-
mation of adjacent organs, such as acute tonsillitis and phar-
yngitis, can spread and invade epiglottis mucosa and cause 
edema; In addition, it can be secondary to acute infectious 
diseases.

Acute epiglottitis can occur in both adults and children all 
year round, mainly in winter and spring. The disease has 
rapid onset and progresses rapidly. The main symptoms are 
severe sore throat, slurred pronunciation, dysphagia and 
inspiratory dyspnea. Dyspnea appears early and progress 
rapidly in severe patients, and may have “three depressions 
signs”, which lead to suffocation within a few hours. In addi-

tion, it can be complicated with systemic symptoms, and 
mild systemic symptoms are not obvious; Severe cases often 
have fever and chills, complicated with headache, fatigue, 
anorexia and other symptoms. Children and elderly patients 
have many significant systemic symptoms, and the disease 
progresses rapidly. Acute failure can occur in severe patients, 
which manifests as mental fatigue, physical weakness, cold 
moist limbs, pale face, fast and thin pulse, blood pressure 
drop, and even fainting and shock [4].

Pathology Findings
The mucosa of epiglottis lingual surface and its lateral ary-
epiglottic folds is relatively loose and has abundant vascular 
network [5], so its inflammation often starts from epiglottic 
lingual surface and causes epiglottic congestion and swell-
ing, which can increase its thickness to six to seven times 
than normal case. Inflammation gradually extends to aryte-
noid cartilage or ventricular fold, and in severe cases, it 
involves adjacent pharyngeal tissue and anterior cervical soft 
tissue, but vocal cords and subglottic area are rarely involved. 
Pathological changes of acute epiglottitis can be divided into 
the following three types.

 1. Acute Catarrhal Type. Diffuse mucosal congestion and 
edema, infiltration of monocytes and polymorphonuclear 
cells, epiglottitis swelling.

 2. Acute Edematous Type. Epiglottis is enlarged spheri-
cally, interstitial tissue has significant edema, and inflam-
matory cell infiltration increases. Abscess may form 
locally in patients with severe inflammation.

 3. Acute Ulcer Type. It is rare, and the disease develops 
rapidly and severely. Lesions usually invade submucosa 
and glandular tissues, with local suppuration and ulcer, 
erosion of vascular wall and hemorrhage.

Imaging Findings

 1. X-ray Examination. It has certain value in the diagnosis 
of acute epiglottitis. The enlarged epiglottis is found on 
the lateral view of the neck, like a thumb, forming a 
“thumb sign”. The shadow of hypopharynx cavity is 
reduced with clear margin. In severe cases, the trachea is 
constricted and obstructed.

 2. CT Examination. The non-enhanced scan on transverse 
plane indicates diffuse edema, thickening and swelling of 
epiglottis, which may be complicated with involvement and 
thickening of aryepiglottic fold. The density of anterior epi-
glottis space increases and its margin is unclear. Adult vocal 
cords and subglottic portion are always normal, while 
laryngeal submucous tissue is loose in  children, which can 
show expansive changes in subglottic area. When abscess is 
formed in epiglottis, a slightly high-density area appears in 
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edema area in the early stage, and the density is lowered 
when abscess is formed. CT examination has the risk of 
delaying diagnosis. It is mainly used to observe abscess for-
mation, exclude other diseases such as deep cervical abscess 
and foreign matters in larynx. CT enhanced scan indicates 
thickening and swelling of epiglottis in arterial phase, 
showing marked and heterogeneous enhancement and the 
necrotic area shows liquid density shadows without marked 
enhancement. In venous phase, epiglottis shows mild 
enhancement. In case of abscess formation, the thin wall 
with ring enhancement and smooth capsule formation are 
found (Figs. 25.3 and 25.4).

 3. MRI Examination. Epiglottis is enlarged, thickened, 
and swollen, with diffuse edema, unclear margin, hypoin-
tense on T1WI and hyperintense on T2WI, and airway 
obstruction in severe cases. DWI shows slightly hyperin-
tense. However, MRI also has the risk of delaying diag-
nosis, it can be used to exclude other diseases and confirm 
related complications.

 4. Ultrasonography. It shows swelling of epiglottis, blurred 
contour, increased antero-posterior diameter, and hetero-
geneous internal echo.

Key Points of Diagnosis

 1. The patient has rapid onset, mostly with high fever and 
dysphagia, unremarkable hoarseness and cough, and dys-
pnea can occur quickly.

 2. X-ray cervical lateral view in erect position is the first 
choice for imaging examination. It is found that the 
shadow of hypopharynx cavity is reduced and the swell-
ing of epiglottis shows “thumb sign.”

 3. CT examination shows that the epiglottis is thickened and 
enlarged, with marked and heterogeneous enhancement, 
and the necrotic area shows liquid density shadows with-
out marked enhancement. In venous phase, epiglottis 
shows mild enhancement. In case of abscess formation, 
thin wall with ring enhancement and smooth capsule for-
mation are found.

Differential Diagnosis

 1. Acute Laryngotracheitis. It has rapid onset in general, 
which takes 1–2  days. The clinical manifestations are 
high fever, with or without hoarseness, and most of them 
are paroxysmal cough. The laryngoscopy shows localized 
hemorrhage and swelling of subglottic cavity. It is often 
caused by Staphylococcus aureus.

 2. Laryngeal Foreign Matters. Patients often have definite 
history of foreign matters inhalation, severe cough, dys-
pnea, and other symptoms. High-density foreign matter 
shadows are found by imaging examination.

 3. Laryngospasm. Patients may have dyspnea to different 
extents, without hoarseness and barking cough. It has 
rapid onset and can disappear immediately when the 
spasm factor is eliminated. Imaging examination shows 
that the glottic space is significantly constricted, and there 

a b c

Fig. 25.3 Acute epiglottitis with abscess formation on the left side of 
anterior epiglottis space. A 60-year-old male patient. The patient was 
admitted mainly due to fever and upper respiratory tract infection for 
1  week, with dyspnea for 1  h. (a) Non-enhanced CT scan of larynx 
shows that epiglottis is significantly thickened and swollen, and patchy 
soft tissue density shadows are found on the left side of the anterior 
epiglottis space. The CT value is about 35HU, the internal density is 

heterogeneous, involving the aryepiglottic fold, the left piriform recess 
is constricted, reaching the left paraglottic space, and the left anterior 
epiglottis space is significantly constricted or even partially disappears; 
(b) The swollen epiglottis mucosa with marked enhancement in the 
arterial phase by enhanced CT of larynx; (c) The thickened epiglottis 
shows homogeneous and mild enhancement during the venous phase by 
enhanced CT of larynx
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is no significant abnormality in epiglottis and paraglottic 
space.

 4. Laryngeal Diphtheria. It has a slow onset, which mani-
fests as mild fever, complicated with hoarseness and 
severe cough. Endoscopy shows that local mucosa has 
gray-white pseudomembrane, which is difficult to be 
removed. Diphtheria is tested by bacterial culture of 
laryngeal secretion. Imaging examination shows that epi-
glottis enlargement is not obvious.

Status Quo and Progress of Research
X-ray cervical lateral view in erect position is the first imag-
ing choice for diagnosis of acute epiglottitis. In 2018, Kim 
et  al. [6] used objective radiographic parameters in X-ray 
plain film in cervical lateral view, including width of third 
cervical vertebra, width of epiglottis base, width of epiglottis 
roof, width of hypopharynx, retropharyngeal soft tissue, ary-
epiglottic fold and paratracheal soft tissue, to diagnose acute 
epiglottitis. The measured objective parameters of epiglottis 
base and bottom on X-ray plain film in cervical lateral view 
were very accurate, which could be used for screening and 
diagnosis of acute epiglottitis, but further research is needed 
to determine its applicability in clinical practice. CT exami-
nation mainly determines whether abscess is formed, thus 
prompting further clinical drainage treatment.

25.3  Chronic Hyperplastic Laryngitis

Overview
Chronic laryngitis is a nonspecific inflammation of the lar-
ynx, which lasts at least 3 weeks. Chronic hyperplastic laryn-

gitis is a benign hyperplastic disease in larynx, which is 
evolved from chronic simple laryngitis, it involves a wide 
scope of lesions, mainly manifesting as thickening and pro-
liferation of laryngeal mucosa. Its incidence rate is about 
0.35% per year [7]. Clinical symptoms are usually nonspe-
cific, including dysphonia, hoarseness, sore throat, chronic 
cough, and occasional dizziness and dysphagia. It is reported 
that [7] the etiology can be divided into three categories.

 1. Infection Factor. It includes pathogens such as myco-
bacteria, blastomycete, parasporal bacteria, coccidiodes, 
histoplasma bacteria and cryptococcus, among which 
viral infection is rare [7].

 2. Inflammatory Factor. It includes laryngopharyngeal 
reflux, idiopathic ulcerative laryngitis, allergic laryngitis 
and sarcoidosis.

 3. Autoimmune Disease. Granuloma with multiple vasculi-
tis, recurrent polychondritis, rheumatoid arthritis, Sjögren 
syndrome, systemic lupus erythematosus and mucosal 
pemphigoid.

Pathology Findings
The congestion and swelling of laryngeal mucosa is noted 
at the initial stage of the disease, which can infiltrate into 
deep tissues. The secretion of submucosal glands increases 
with lymphocytes infiltration. At this time, the above 
lesions are chronic simple laryngitis. The lesions continue 
and cause fibrosis and gland atrophy. The mucosa gradu-
ally thickens, changing from dark red to gray blue, the 
gland secretion decreases, the mucosa epithelium prolifer-
ates, showing squamous metaplasia and keratinization to 
different extents, and the submucosal lymphocytes and 

a b c

Fig. 25.4 Acute epiglottitis. A 63-year-old male patient. The patient 
was admitted mainly due to fever, severe sore throat and dyspnea, com-
plicated with swelling and pain of soft tissue on the left side of neck for 
hours. (a) Non-enhanced CT scan of larynx shows that the mucosa of 
epiglottis free margin at the superior border of epiglottis on transverse 
plane is thickened; (b) The horizontal anterior epiglottic space of hyoid 

bone is blurred, soft tissue density shadows are found, and the parapha-
ryngeal and prevertebral spaces are clear; (c) At thyroid cartilage level, 
the volume of left tonsil increases, soft tissue is thickened, and the 
shadow of subcutaneous soft tissue in neck is thickened. The above 
extensive lesions indicate inflammatory lesions: acute epiglottitis, 
inflammation of left tonsil and subcutaneous soft tissue of neck
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plasma cells have infiltration, which is called chronic 
hyperplastic laryngitis.

Imaging Findings

 1. X-ray Examination. It often shows unremarkable 
abnormity.

 2. CT Examination. It shows that the laryngeal mucosa is 
generally thickened, with homogeneous density and 
wide scope of lesions. The ventricular fold, vocal cords 
and aryepiglottic folds are thickened, the vocal cords are 
uneven and asymmetric bilaterally, especially in the 
interarytenoid area, and the central part is raised or wrin-
kled. The paralaryngeal space is clear with no infiltration 
change and unremarkable change in laryngeal cartilage. 
The vocal cords show soft tissue proliferation, and 
enhanced scan shows that the lesions are thickened but 
the mucosa enhancement is unremarkable (Figs.  25.5 
and 25.6).

 3. MRI Examination. It can clearly show the larynx cavity 
structure, but it is easily affected by artifacts of respira-
tory motion. It is found that the laryngeal mucosa is gen-
erally thickened, showing isointense on T1WI and slightly 
hyperintense on T2WI, and the paralaryngeal space and 
laryngeal cartilage are usually normal.

Key Points of Diagnosis

 1. According to the clinical characteristics of patients with 
slow onset, long duration and long-term hoarseness and 

results of laryngoscopy, a preliminary diagnosis can be 
made [8].

 2. CT and MRI examinations are generally used to show 
thickening of vocal cords without significant infiltration 
and marked enhancement of peripheral structures.

Differential Diagnosis

 1. Laryngeal Tuberculosis. It occurs mostly in young adults 
and is common in anterior larynx and mostly in the poste-
rior vocal cords. The disease manifests as asymmetric and 
diffuse thickening of laryngeal structure, with heteroge-
neous density, no destruction to the surrounding laryngeal 
cartilage, and rare involvement in the subglottic region. 
The enhanced scan shows heterogeneous speckle enhance-
ment. The diagnosis should be made in combination with 
chest-related imaging examination, sputum culture and 
body temperature monitoring, which are particularly 
important for the diagnosis of suspected cases.

 2. Amyloidosis Lrynx. It mainly manifests as laryngeal 
masses by imaging examination, with a wide scope of 
lesions and calcification in some cases. The density of 
calcified foci is low, the CT value is 40–60 HU, scattered 
as sand. The deposited substance of amyloidosis is acel-
lular and insoluble protein-like substance, which has 
characteristic features on MRI images, showing hypoin-
tense on T1WI and hypointense on T2WI.

 3. Laryngeal Cancer. It mostly occurs in anterior larynx. In 
the early stage, it is mostly confined unilaterally, the 
lesion area develops rapidly, and the clinical symptoms 

a b c

Fig. 25.5 Inflammatory granuloma of right ventricular fold and vocal 
cord. A 58-year-old male patient. The patient had slow onset, and was 
admitted to hospital mainly due to hoarseness for one and a half years. 
One and a half years ago, he went to see a doctor for the same symp-
toms, and underwent “Extended biopsy under self-retaining laryngos-
copy + laryngectomy of lesion”, and the postoperative pathological 
report showed it was inflammatory granuloma. In this admission, he 
received non-enhanced CT scan and enhanced CT examination of lar-
ynx. (a) Non-enhanced scan of larynx indicates that the right ventricu-

lar fold and vocal cords are swollen and the surface is not smooth; No 
abnormality is found in the left ventricular fold or vocal cords. (b, c) 
Enhanced CT of larynx shows that the tumors in arterial and venous 
phases have marked homogeneous enhancement with clear margin, and 
the peripheral structures including laryngeal cartilage and paraglottic 
space are not involved, and the lymph nodes are not enlarged or 
enhanced significantly. The postoperative pathological report was con-
sistent with the proliferation of granulation tissue in the right vocal cord 
and ventricular fold
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such as hoarseness develops rapidly. CT shows irregular 
thickening of vocal cords involving anterior commissure 
and paraglottic space. Enhanced examination shows 
marked enhancement. CT virtual endoscopy shows that 
the lesion is cauliflower-like. MRI mainly shows asym-
metric thickening of unilateral vocal cords, slightly 
hyperintense on T1WI than that on the normal side of thy-
roarytenoid muscle, significantly hyperintense on T2WI, 
blurred mucosal line on free margin of vocal cords, and 
significantly hyperintense on DWI.  By enhanced Gd- 
DTPA, the vocal cords on the affected side show marked 
enhancement. Chronic hyperplastic laryngitis usually 
manifests as thickening of vocal cords without significant 
infiltration of peripheral structures. Patients have a long 
duration of disease and slow progression [8].

Status Quo and Progress of Research
CT is the most common imaging method of larynx. Thin- 
layer CT, especially dual energy CT, can clearly show the 
normal anatomy and soft tissue lesions of larynx, and MPR 
can more intuitively show the involved scope of lesions. 
Many etiologies of chronic laryngitis may be associated with 
laryngeal cancer, so laryngeal cancer may be a complication 
[7]. Studies have shown that [9], the difference between 
laryngeal squamous cell carcinoma and chronic hyperplastic 
laryngitis lies in the expression of some special mRNA. When 
the cell activity increases and there are markers such as 
Ezrin, it is likely to indicate canceration. Virtual endoscopy 
can show diffuse thickening of vocal cords and ventricular 
folds with smooth surface and no cauliflower-like change.

25.4  Vocal Cord Polyp

Overview
Vocal cord polyp is a benign proliferative lesion occurring in 
the superficial layer of vocal cord lamina propria, which is a 
special type of chronic laryngitis. It is reported that [10] the 
lifetime prevalence of the disease is 1.31–16.9%. All kinds 
of causes for chronic laryngitis can cause vocal cord polyp, 
such as smoking, excessive or improper phonation, upper 
respiratory tract diseases, allergic reaction and hypopharynx 
reflux. The most common clinical manifestation is hoarse-
ness of different degrees [11], and the hoarseness degree of 
patients is related to the size and location of polyps. Vocal 
cord polyp are mostly small lesions [11], and those with 
large polyps have severe hoarseness; Polyps growing on the 
upper surface of vocal cords have little influence on vocal-
ization, while hoarseness is significant when they grow on 
the free margin of vocal cords. Large polyps with broad base 
can lead to complete aphonia. Polyps hanging in the subglot-
tic cavity can cause cough. Huge polyps located between 
vocal cords may cause complete aphonia, even obstruct 
respiratory tract, lead to dyspnea and stridor, and even cause 
sudden death [11].

Pathology Findings
Vocal cord polyp is more common at the junction of the ante-
rior and middle 1/3 of vocal cord edge. There are three expla-
nations for this predilection site: (1) It is the middle point of 
the vocal cord mucosa, which has the largest amplitude and 
is vulnerable to damage when vibrating; (2) Vibration nod-
ules exist here, which is easy to cause blood stasis and depo-

a b c

Fig. 25.6 Inflammatory granuloma of the anterior 1/3 of bilateral 
vocal cords. A 49-year-old male patient The patient had slow onset, and 
was admitted to hospital mainly due to hoarseness for 2 months. The 
laryngoscopy indicates tumor swelled in anterior commissure, the 
mucosa is pale, surface is not smooth, and bilateral ventricular hyper-

trophy obstructs the vocal cords. (a, b) Enhanced scan of larynx in the 
arterial phase shows that bilateral ventricular folds are thickened and 
have mild enhancement; (c) The enhanced scan of larynx shows unre-
markable enhancement in venous phase. Pathological results were con-
sistent with inflammatory granuloma
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sition; (3) The vocal cord muscles are staggered and may 
cause twisting movement during vocalization. In addition, 
the distribution and structure of blood vessels are special, 
and the twisting movement makes extremely complicated 
change in the blood supply. Pathological changes of vocal 
cord polyp include edema of mucosa, hemorrhage, plasmex-
hidrosis, angiectasis, capillary proliferation, thrombosis, 
fibrin deposition, mucoid degeneration, hyalinosis and fibro-
sis. There may be a small amount of inflammatory cell infil-
tration and occasional calcification.

Imaging Findings

 1. X-ray Examination. It shows unclear foci of vocal cord 
polyp. Soft tissue density shadows near the front 1/3 
vocal cord are found in large lesions.

 2. CT Examination. Non-enhanced CT scan shows slightly 
low density or soft tissue density nodule shadows on 
unilateral or bilateral vocal cords with pedicle, which 
locally protrudes into the larynx cavity, with clear and 
smooth margin, and the laryngeal ventricle exists. 
Large lesions can hang inferior to the glottic portion or 
even obstruct the glottic portion. There is no infiltration 
or involvement in the parapharyngeal space, and the 
parapharyngeal, retropharyngeal and prevertebral 
spaces are clear. There is no bone destruction in laryn-
geal cartilage around the lesion, with unremarkable 
enlargement of lymph nodes in most cases. Diffuse 
swelling and thickening of bilateral vocal cords are 
found when the lesion involves bilateral vocal cords. 
There is no marked enhancement by enhanced scan 
(Figs. 25.7 and 25.8).

 3. MRI Examination
 (a) Conventional Non-enhanced Scan: vocal cord polyp 

is localized and prominent, showing broad-based or 
pedicled shape; Most of them are located at the junc-
tion of the anterior and middle 1/3 of vocal cords, 
which can protrude into the larynx cavity. They show 
isointense or hypointense on T1WI and slightly 
hyperintense on T2WI, the margin is clear and 
smooth, and there is no infiltration and involvement 
in the peripheral paralaryngeal space. There is no 
bone destruction, lymph node enlargement and 
abnormal signal in adjacent laryngeal cartilage.

 (b) Enhanced Scan: the lesions have no enhancement or 
mild enhancement.

 (c) Early small polyps are easy to be missed in diagno-
sis, so thin-layer scanning or reconstruction can be 
performed locally.

 4. Ultrasonography. The vocal cord polyp usually shows 
hyperecho, lesions larger than 2 mm can be shown, and 
that smaller than 2 mm are difficult to differentiate. It is 
easy to show lesion accurately when it is located at the 
free margin of vocal cords and protrudes to glottic por-
tion, and it is difficult to show it accurately when it is not 
located at the margin, and it should be dynamically 
observed [12].

Key Points of Diagnosis

 1. Clinical Manifestations. They are mainly hoarseness to 
different extents. Polyps hanging in the subglottic cavity 
are often complicated with irritating dry cough. Huge 

a b c

Fig. 25.7 Bilateral vocal cord polyp. A 58-year-old male patient. The 
patient was admitted mainly due to hoarseness and larynx discomfort 
for months. (a) Non-enhanced transverse CT scan shows that the nodu-
lar low-density shadows of anterior middle 1/3 of bilateral vocal cords 
protruding into the larynx cavity, and the nodule margin is smooth and 
clear, and the CT value is about 6HU. Laryngeal ventricle still exists, 
showing that there is no stenosis in pharyngeal cavity, and the retropha-
ryngeal and prevertebral spaces are clear. (b) The reconstructed image 

on coronal plane shows nodular slightly low-density shadows of vocal 
cord area, with clear and smooth margin, and the larynx structures are 
bilaterally symmetric. (c) The reconstructed image on sagittal plane 
shows nodular slightly low-density shadows in vocal cord area, with 
clear and smooth margin and clear adjacent thyroid cartilage without 
involvement. The postoperative pathological results of the patient were: 
left vocal cord polyp with parakeratosis, right vocal cord polyp with 
parakeratosis and erosion, focal granulation tissue proliferation
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polyps can lead to complete aphonia and even cause dys-
pnea and stridor.

 2. CT Examination. It shows soft tissue with pedicle or 
broad base or slightly low-density nodule shadows at the 
anterior middle 1/3 junction of unilateral vocal cord, with 
clear margin and local protrusion to larynx cavity. The 
structures, bones, and lymph nodes surrounding lesions 
are not involved. Enhanced scan indicates unremarkable 
enhancement. Virtual endoscopy shows that the lesion 
surface is smooth and the margin is clear.

 3. Laryngoscopy. It indicates neoplasm with pedicle or 
broad base in the anterior middle 1/3 junction of vocal 
cords, with clear and smooth margins. Occasionally, dif-
fuse growth is found throughout the vocal cords.

Differential Diagnosis

 1. Vocal Nodules. Non-enhanced and enhanced CT scans 
show localized eminence at the junction of the anterior 
and middle 1/3 of bilateral vocal cords, local thickening 
of vocal cords, bilateral symmetry, and unremarkable 
enhancement.

 2. Vocal Cord Cyst. Non-enhanced CT scan shows circular 
or quasi-circular water-like density nodule shadows in 
unilateral or bilateral vocal cords, with clear margin, clear 
paralaryngeal space without infiltration, and no enhance-
ment by enhanced CT of lesions. MRI shows lesions with 
hypointense on T1WI and significant hyperintense on 
T2WI, with smooth margins and no involvement of adja-

a b c

d e

Fig. 25.8 Right laryngeal polyp of cricothyroid gland membrane in 
subglottic region. A 46-year-old male patient. The patient had chronic 
onset and previous operation of malignant laryngeal cancer, admitted 
mainly due to recurrence of laryngeal cancer after operation for 
4  months. (a) Non-enhanced CT scan of larynx shows that the right 
small nodular limited protrusion of cricothyroid gland membrane mid-
line protrudes into larynx cavity; Enhanced CT scan of larynx shows 
small nodular processes on the right side of cricothyroid gland mem-

brane midline in arterial phase, with smooth margin. (b, c) Enhanced 
CT scan of larynx shows unremarkable enhancement in arterial and 
venous nodules. (d, e) Virtual endoscopy shows that the nodule is 
located in the laryngeal mucosa on the right side of cricothyroid gland 
membrane in subglottic region, and the nodule surface is smooth and 
clear, and the lesions are clearly shown. The postoperative pathology 
shows inflammatory granuloma
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cent tissues. Enhanced MRI shows no enhancement. In 
case of infection secondary to cyst, it is found that the 
cyst wall is thickened with ring enhancement. 
Ultrasonography shows hypoechoic shadows with smooth 
margins.

 3. Laryngeal Papilloma. It is the most common laryngeal 
cancer. Lesions are mostly solitary and can be multiple, 
mainly located in vocal cords. Non-enhanced CT scan 
indicates papillary tumor on vocal cords or other 
 laryngeal structures, with irregular shape and protruding 
into laryngeal ventricle. The lesions show iso-density 
shadow and may have mild enhancement by enhanced 
scan. On non-enhanced MRI, it shows slightly hypoin-
tense on T1WI and slightly hyperintense on T2WI, and 
lesions mostly show mild and moderate enhancement by 
enhanced scan. There is no abnormal change in laryn-
geal cartilage and paralaryngeal space. When cancera-
tion occurs, it infiltrates and develops to the periphery 
and submucosa, and the paralaryngeal and parapharyn-
geal spaces disappear.

 4. Laryngeal Tuberculosis. It can be divided into diffuse 
type and focal type. Focal type should be differentiated 
from polyp, but it lacks specific changes by imaging. 
Laryngoscopy shows pale and edema of laryngeal mucosa 
with multiple superficial ulcers, such as moth-eaten 
ulcers. Congestion and thickening of unilateral vocal cord 
may also occur.

 5. Laryngeal Carcinoma (glottic type). It mostly occurs in 
the anterior middle 1/3 of vocal cords, and is easy to 
expand forward, manifesting as 1–2  mm small nodule 
shadows at the anterior commissure. Most supraglottic 
cancers can occur in epiglottis, manifesting as irregular 
masses in epiglottis. Advanced laryngeal cancer is often 
complicated with the invasion to surrounding cartilage, 
with enlarged and confluent lymph nodes around it. 
Enhanced scan shows the lesions with marked heteroge-
neous enhancement and the enlarged lymph nodes with 
marked heterogeneous enhancement. It is difficult to 
make differential diagnosis between laryngeal polyp and 
early laryngeal cancer, so it is necessary to make a defi-
nite diagnosis by biopsy.

Status Quo and Progress of Research
Vocal cord polyp can be diagnosed by clinical laryngoscopy. 
If CT examination reveals diffuse thickening of laryngeal 
soft tissue with deep invasion, the disease can be excluded. 
Early small polyps are easy to be missed in diagnosis. Virtual 
endoscopy shows that the lesion surface is smooth and the 
margin is clear. Virtual endoscopy can also be used as an 
imaging method to evaluate polyps.

25.5  Laryngeal Tuberculosis

Overview
Laryngeal tuberculosis (LTB) is a chronic infectious disease 
caused by mycobacterium tuberculosis. Laryngeal tubercu-
losis is rare in clinical practice [13], and its incidence rate is 
less than 1% of tuberculosis, but it is still one of the most 
common granulomatous diseases in larynx. The incidence 
of LTB in patients with pulmonary tuberculosis is 0.08–
5.1% [14].

LTB is mostly found in male adolescents aged 20–30 years 
old, and the predilection sites are interarytenoid area, aryte-
noid cartilage, vocal cord, epiglottis and subglottic region in 
order. LTB perichondritis is common in epiglottis and aryte-
noid cartilage. The diffusion of blood and lymph is the cause 
of the occurrence and development of laryngeal tuberculosis. 
It is reported that [14], at least half of laryngeal tuberculosis 
is caused by blood transmission of mycobacteria tuberculo-
sis. The early clinical manifestations of LTB are scorching 
effect and dryness in larynx, complicated with hoarseness, 
cough and sore throat. Sore throat is the most significant in 
clinical practice and can radiate to the aural region. The 
hoarseness is ingravescent and can lead to complete aphonia 
in advanced stage. Patients may be complicated with sys-
temic tuberculosis, such as tuberculosis symptoms (cough, 
expectoration, hemoptysis) and systemic toxic symptoms 
(emaciation, mild fever, night sweat) [15].

Pathology Findings
The pathological types of LTB can be divided into three 
types: (1) Infiltration type: small round cells infiltration infe-
rior to the laryngeal mucosa, forming tuberculous nodules. 
In that case, the surface of laryngeal mucosa is congested 
and edema and epiglottis is obvious. Tuberculous nodules 
can mostly evolve into ulcers, which can be absorbed and 
dissipated, leaving scars. (2) Ulcer type: mostly found in epi-
glottis, vocal cords and arytenoid cartilage. Confluent tuber-
culous nodules inferior to laryngeal mucosa, with caseous 
change, vascular thrombosis, necrosis of surface epithelioid 
cells, ulcer formation, and secondary infection. (3) 
Proliferative type: which is mostly found in the interaryte-
noid area or unilateral vocal cord. Tuberculosis infiltration 
can be healed by fibrosis, or new infiltration can occur, which 
can form tumor-like tuberculous nodules after repeated 
recurrences.

Imaging Findings

 1. X-ray Examination. It shows laryngeal airway stenosis 
to different extents, and larynx mass formation in severe 
cases.
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 2. CT Examination. It lacks specificity and can be roughly 
divided into diffuse type and localized focus type. Diffuse 
type: Non-enhanced CT scan indicates diffuse thickening 
of laryngeal mucosa, involving epiglottis, vocal cords, 
ventricular fold, arytenoid cartilage area, posterior pha-
ryngeal wall and other parts. Thickened mucosa shows 
decreased density, which is lower than that of adjacent 
muscles, CT value is 29–38 HU. The mucosa has marked 
enhancement in the advanced stage by enhanced scan. 
Bilateral anterior laryngeal spaces, paralaryngeal spaces 
and piriform recesses are constricted, and larynx cavity is 
constricted. The subglottic region may be involved in rare 
cases. The laryngeal tuberculosis generally does not 
invade the laryngeal cartilage framework, so the cartilage 
has no proliferation and sclerosis, which are the charac-
teristics of the laryngeal tuberculosis. Localized focus 
type: Common swelling and thickening of the arytenoid 
area. Enhanced CT shows the lesions with heterogeneous 
enhancement, the mucosa with marked enhancement, and 
local nodular processes. Nodular enhancement and irreg-
ular low-density edema are seen in the submucosal area. 
Although the focal lesions manifest as local nodular 
asymmetric thickening, the lesions still manifest as bilat-
eral occurrence. Laryngeal tuberculosis is often compli-
cated with enlargement of cervical lymph nodes, with 
necrosis and calcification in the center. A few caseous 
necrosis substances are liquefied and have deep multiple 
abscess along the laryngeal space to form tuberculous 
abscess [16] (Figs. 25.9, 25.10, and 25.11).

 3. MRI Examination. Compared with normal laryngeal 
mucosa, lesion area shows slightly hypointense on T1WI 
and slightly hyperintense on T2WI. The vocal cords, ven-
tricular fold, and aryepiglottic fold show marked hetero-
geneous enhancement or ring enhancement of mucosa by 

enhanced scan. Enhanced scan shows that mucosal 
enhancement in advanced stage is more significant than 
enhancement in the early stage. In some cases, multiple 
enlarged lymph node shadows are found in the neck, 
necrotic liquefaction areas appear in some lymph nodes, 
showing hypointense on T1WI and hyperintense on T2WI 
shadows, and calcification lesions show hypointense on 
T1WI and hypointense on T2WI shadows.

Key Points of Diagnosis

 1. Clinical Symptoms. The onset of the disease is slow and 
the disease has long duration. T-cell spots of tuberculosis 
infection are positive, and acid-fast bacilli could be found 
in larynx secretion smear.

 2. Imaging Manifestation. It shows extensive bilateral 
asymmetric soft tissue thickening in larynx cavity, with 
or without mass. On enhanced examination, the laryngeal 
mucosa is enhanced to different extents, or there is unre-
markable enhancement area. MRI shows bilateral diffuse 
asymmetric thickening of larynx, complete laryngeal car-
tilage framework, and unremarkable mass infiltration in 
paralarynx and anterior epiglottis space.

 3. Laryngoscopy. It shows pale, edema, erosion, and exu-
dation of laryngeal mucosa, and occasional irregular nod-
ules or depressions.

 4. CT Examination. When the Laryngeal tuberculosis is 
suspected or cannot be excluded, chest CT should be 
added to confirm whether there are suspicious tuberculo-
sis lesions in the lungs. Laryngeal tuberculosis can be 
diagnosed if there are active tuberculosis or old tubercu-
losis lesions in the lungs or if the sputum contains eosino-
philic bacilli.

a b c

Fig. 25.9 Tuberculosis of right vocal cord. A 63-year-old male patient. 
The patient had chronic onset and was admitted mainly due to hoarse-
ness for 2 months. (a) Non-enhanced scan of larynx indicates that the 
full length of the right vocal cord is thickened, involving the glottic 
anterior commissure, and the right paraglottic space disappears; (b, c) 

Enhanced scan shows the right vocal cords with heterogeneous 
enhancement, and no necrosis or calcification is found in the cervical 
lymph nodes. Chest CT of the patient shows mass and hollow in supe-
rior lobe of right lung, pulmonary tuberculosis is considered
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Differential Diagnosis

 1. Chronic Laryngitis. The laryngeal mucosa is generally 
thickened, with homogeneous lesion density and wide 
lesion scope. The ventricular fold, vocal cords and ary-
epiglottic folds are thickened, the vocal cords are uneven 
and asymmetrical, especially in the interarytenoid area. 
The paralaryngeal space is clear with no infiltration 
change and unremarkable change in laryngeal cartilage. 
The enhancement of mucosa is unremarkable in enhanced 
scan, and it is difficult to differentiate the imaging mani-
festations from tuberculosis.

 2. Vocal Cord Polyp. Non-enhanced CT scan shows that 
one side of the vocal cord has a slightly low density or 
soft tissue density nodule with pedicle protruding into the 
larynx cavity locally, with clear margin, no infiltration or 
involvement in the paralaryngeal space, no bone destruc-
tion in the adjacent laryngeal cartilage, and unremarkable 
enlargement of lymph nodes. CT enhanced scan indicates 
that the lesions are not enhanced.

 3. Laryngeal Cancer. Glottic carcinoma mostly occurs in 
the anterior middle 1/3 of vocal cords, and it is easy to 
expand forward, showing small 1–2 mm nodule shadows 
in the anterior commissure. Supraglottic cancer mostly 

a b c

Fig. 25.10 Left vocal cord tuberculosis. A 53-year-old male patient. 
The patient had chronic onset and was admitted mainly due to hoarse-
ness for more than 20 days. (a) Non-enhanced scan of larynx indicates 

eminence in the anterior 2/3 of the left vocal cord; (b, c) Enhanced scan 
shows no abnormal enhancement at the eminence. The chest X-ray of 
the patient shows old tuberculosis in the superior lobe of left lung

a b c

Fig. 25.11 Tuberculosis of epiglottis and left piriform recess. A 
72-year-old male patient The patient had chronic onset and was admit-
ted mainly due to hoarseness for 2 months, complicated with choking 
cough and pharyngeal obstruction. (a) Non-enhanced scan of larynx 
indicates that the root of epiglottis is thickened, the left piriform recess 

becomes shallow, with local eminence. There is no significant abnor-
mality in the peripheral structure, and the paraglottic space exists. (b, c) 
Enhanced scan shows the mucosa of epiglottis root and left piriform 
recess with marked enhancement
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occurs in epiglottis, showing irregular masses in epiglot-
tis. Subglottic cancer is usually from glottic cancer, show-
ing thickening or asymmetry of soft tissue at the inferior 
border of glottic portion. Laryngeal cancer is often com-
plicated with invasion and involvement of peripheral 
structures, bones, and lymph nodes.

 4. Amyloidosis Larynx. It is a pathological change caused 
by the accumulation of amyloid in the larynx, which is 
not a true neoplasm. The main manifestations by imaging 
examination are laryngeal masses, which have wide 
scope of lesions and calcification in some cases. The den-
sity of calcified foci is low, the CT value is 40–60 HU, 
scattered as sand. The deposited substance of amyloido-
sis is acellular and insoluble protein-like substance, 
which shows manifestation on MRI images, with hypoin-
tense T1WI and hypointense T2WI.

Status Quo and Progress of Research
The clinical manifestations of LTB have undergone several 
changes in the past decades, which are summarized in 
Table 25.1. According to literature reports, as many as 40.6% 
of patients with normal lungs will be diagnosed with laryn-
geal tuberculosis [15, 17]. Imaging findings of some LTB 
patients are difficult to differentiate from chronic pharyngitis 
or laryngeal cancer, which increases the difficulty of clinical 
diagnosis. When LTB is suspected, and result by sputum 
microscopy is negative, biopsy is recommended, especially 
when tumor diagnosis cannot be excluded. Once tuberculo-
sis is diagnosed, anti-tuberculosis treatment should be car-
ried out in time to prevent chronic complications. In terms of 
treatment, the operation is limited to airway damage and 
chronic complications (posterior glottic portion stenosis, 
vocal cord paralysis when the cricoarytenoid joint or recur-
rent laryngeal nerves are involved).

25.6  Laryngeal Perichondritis

Overview
Laryngeal perichondritis is an inflammatory disease occur-
ring in the laryngeal cartilage membrane and its space. 
Patients with acute and primary laryngeal perichondritis are 
rare, while chronic and secondary ones are common, which 
often cause necrosis and suppuration of cartilage to form 
abscess, that is, larynx abscess, which is sometimes difficult 
to differentiate. Primary laryngeal perichondritis is rare, and 
mostly caused by other diseases, and is common in adults. 
Common causes of laryngeal perichondritis: (1) radiation 
injury; (2) laryngeal trauma; (3) systemic infectious dis-
eases, such as tuberculosis, syphilis, diphtheria, etc., can 
damage perichondrium and cartilage or cause secondary 
infection; (4) malignant tumor of larynx directly invading 
the perichondrium and cartilage. Clinical manifestations 
often include general malaise, fever, sore throat, cough, 
hoarseness, dysphagia and dyspnea, and it may tender on 
the outside of larynx by neck palpation. Patients with 
chronic infection may have mild sore throat and chronic 
cough [18].

Pathology Findings
Laryngeal perichondritis mostly occurs in arytenoid carti-
lage membrane, followed by cricoid cartilage membrane and 
thyroid cartilage membrane, and most rare cases have epi-
glottitis infected. Traumatic laryngeal perichondritis often 
involves multiple laryngeal cartilages. In case of inflamma-
tion of the perichondrium, the exudate accumulates in the 
space inferior to perichondrium and gradually became pus, 
separating the perichondrium from the cartilage and the car-
tilage is ischemic and necrotic. At the beginning, edema or 
redness appears in the larynx, and sometimes swelling 
appears outside the larynx. Some cases with laryngeal peri-
chondritis are non-suppurative, and mostly have scar forma-
tion and significantly thickened after healing. Laryngeal 
tuberculosis is most likely to invade arytenoid cartilage and 
often affects cricoid cartilage, making it stiff. Syphilis in lar-
ynx often invades thyroid cartilage [19].

Imaging Findings
CT shows thickening and swelling of soft tissue in neck and 
larynx and localized density reduction or homogeneous 
water-like density shadows in anterior cervical soft tissue, 
postcricoid region and paralaryngeal space. The larynx cav-
ity is compressed and displaced. By enhanced scan, the liq-
uefied part shows no enhancement, and the non-liquefied 
part and capsule show marked enhancement. When com-
bined with aerogenic bacteria infection, shadows of scattered 
small bubbles may appear in the low-density area where the 
abscess is located. CT examination plays an important role in 
judging the location and extent of abscess and the occurrence 

Table 25.1 Clinical characteristics of laryngeal tuberculosis

Characteristics Past Now
Median age 20–30 years old 40–60 years old
Symptom Dyspnea Lung or systemic 

symptoms, hoarseness, 
and dysphagia

Involved parts 
of larynx

Posterior larynx 
(epiglottis, 
arytenoid process)

Vocal cord involvement is 
the most common

Type of lesion Ulcerative or 
granulomatous 
hypertrophy

Exophytic type or polyp 
type

Pathogen 
transmission 
route

Bronchus Blood or lymphatic 
transmission is becoming 
more common

Lung 
involvement

Advanced in most 
cases

The lungs are less 
involved, and the chest 
X-ray examination mostly 
shows negative result.

25 Larynx Lesions



294

of complications (Fig.  25.12). MRI shows the soft tissue 
lesions with thickened larynx with hypointense on T1WI, 
hyperintense on T2WI and homogeneous signal intensity, 
and DWI shows hyperintense in case of abscess formation.

Key Points of Diagnosis

 1. Physical examination: The neck is red, swelling, fever 
and pain, and the lymph nodes are significantly enlarged, 
which may be complicated with fever, sore throat, cough, 
hoarseness and other symptoms.

 2. CT shows that the density shadows of laryngeal soft tis-
sue with swelling and thickening, and homogeneous 
water-like density shadows.

 3. Laryngeal perichondritis can easily evolve into laryngeal 
abscess, and CT examination can find and evaluate laryn-
geal abscess in time.

Differential Diagnosis

 1. Vocal Cord Polyp. Non-enhanced CT scan shows mostly 
unilateral or bilateral pedicled vocal cord nodule shadows 
with slightly low density or soft tissue density, which 
locally protrude into the larynx cavity, with clear margin, 
no infiltration or involvement in the paralaryngeal space, 
no bone destruction in the adjacent laryngeal cartilage, 
and unremarkable enlargement of lymph nodes. CT 
enhanced scan indicates that the lesions are not enhanced.

 2. Laryngeal Cancer. Glottic carcinoma mostly occurs in 
the anterior middle 1/3 of vocal cords, and it is easy to 
expand forward, showing small 1–2 mm nodule shadows 

in the anterior commissure. Supraglottic cancer mostly 
occurs in epiglottis, showing irregular masses in epiglot-
tis. Laryngeal cancer is often complicated with the inva-
sion to surrounding cartilage, and swelling and fusion of 
lymph nodes are found around it.

 3. Laryngeal Abscess. It is mostly evolved from laryngeal 
perichondritis, and it is difficult to differentiate in the 
early stage.

Status Quo and Progress of Research
Patients with laryngeal perichondritis may have definite clin-
ical symptoms in the early stage, but physical examination 
and even CT scan show negative results. Some studies indi-
cated that [20] patients with active adult onset still’s disease 
could have laryngeal pain, but unremarkable abnormality is 
found by physical examination and CT examination. The 
thickening of soft tissue shadows and abnormal intensity on 
the symptomatic side can be found by non-enhanced and 
enhanced MRI examination of larynx. After treatment, the 
abnormal soft tissue shadows and signal intensity disappear, 
indicating that MRI has significant value for lesions of laryn-
geal cartilage membrane in the early stage.

25.7  Cricoarytenoid Arthritis

Overview
Cricoarytenoid arthritis is mostly a local manifestation of 
systemic diseases such as rheumatism, rheumatoid diseases 
and gout, and can also be manifested as arthritis inflamma-
tory changes caused by severe infection, trauma, intratra-

a b c

Fig. 25.12 Inflammatory lesions and local abscess formation in the 
left anterior epiglottis space. (a) Non-enhanced CT scan of larynx 
shows the density shadows of soft tissue on the left side of the anterior 
epiglottic space, which is heterogeneous in density and involves the left 

aryepiglottic fold, resulting in constriction of the left piriform recess; 
(b, c) Laryngeal CT enhanced scan shows the density shadows of soft 
tissue on the left side of the anterior epiglottis space with marked ring 
enhancement, and patchy areas without enhancement are noted in it
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cheal intubation anesthesia injury or long-term vocal cord 
paralysis [21, 22]. The disease can occur in unilateral or 
bilateral cricoarytenoid joints.

The cricoarytenoid arthritis can be classified as acute 
and chronic types. The acute stage manifests as dyspnea, 
stridor, dysphonia, dysphagia, odynophagia, otalgia or lar-
ynx tenderness. Physical examination can reveal erythema, 
edema of aryepiglottic fold or impaired vocal cord activity. 
In chronic stage or stiffness stage, patients may have no 
symptoms, or only mild hoarseness, dyspnea or stridor [21, 
22], depending on the position of vocal cords when the 
joint is stiff. Changes related to chronic cricoarytenoid 
arthritis include thickening of arytenoid mucosa, bending 
of vocal cords or fixation of arytenoid cartilage during 
inhalation. In addition, rheumatoid arthritis (RA) can also 
form rheumatoid nodules or bamboo-like nodules in the 
larynx [23].

Direct or indirect laryngoscopy can be used in combina-
tion with HRCT for definite diagnosis of cricoarytenoid 
arthritis. Studies have shown that [23], 80% of RA patients 
have cricoarytenoid arthritis, which can be detected by 
HRCT. Radiological abnormalities associated with cricoary-
tenoid joint involvement usually precede clinical symptoms. 
Laryngoscopy shows swelling of arytenoid cartilage in acute 
stage, edema of vocal cords in chronic stage and thickening 
of arytenoid mucosa [23].

Cricoarytenoid arthritis may lead to laryngeal edema, 
resulting in airway obstruction or vocal cord abduction dam-
age. Acute and chronic diseases may lead to respiratory dis-
tress, which requires emergency tracheotomy. Therefore, the 
involvement of cricoarytenoid joint represents the life- 
threatening manifestation of rheumatoid arthritis.

Pathology Findings

 1. Rheumatic and Rheumatoid Cricoarytenoid Arthritis. 
It shows inflammation of synovial layer and cartilage in 
the early stage, including synovial fluid exudation, syno-
vial hyperplasia and cell infiltration. Subsequently, syno-
vial membrane gradually thickens, articular cartilage is 
destroyed, fibrous tissue is proliferated and filled, pannus 
is formed, fibrous ankylosis occurs in articular cavity, and 
finally bony ankylosis and joint deformation occurs.

 2. Traumatic Cricoarytenoid Arthritis. It occurs after a 
definite history of trauma. For example, after anesthesia 
intubation, the articular cartilage is destroyed, its integ-
rity disappears, the normal articular cavity disappears 
with fibrosis, and the cricoarytenoid joint is fixed.

 3. Others. Secondary cricoarytenoid joint lesions after 
long-term recurrent laryngeal nerves paralysis, such as 
fibrosis and bone ankylosis.

Imaging Findings

 1. CT Examination. HRCT has high sensitivity for detect-
ing cricoarytenoid arthritis. Even when the patients have 
unremarkable clinical symptoms or are asymptomatic, 
HRCT can still show positive signs, which precede clini-
cal diagnosis. When clinical symptoms are unremarkable, 
cricoarytenoid articular cartilage thickening, synovial 
fluid increase, articular cavity widening and local erosion 
can be found. The cricoarytenoid articular process, ero-
sion or subluxation to different extents can be found in 
the progressive stage, and the cricoarytenoid joint volume 
decreases the joint density increases, and even the joint 
ankylosis changes can be found in most patients. In some 
patients, soft tissue swelling or piriform sinus stenosis is 
found near the cricoarytenoid fossa.

 2. MRI Examination. It can show the changes in shape and 
signal of laryngeal soft tissue and laryngeal cartilage 
framework in all directions, such as transverse, sagittal 
and coronal planes. A series of changes such as synovitis, 
tenosynovitis, bone marrow edema, tendonitis, articular 
cartilage involvement and bone erosion can appear on 
MRI images with the progression of the disease on the 
cricoarytenoid articular surface and articular cavity. The 
abnormal signal often precedes the change by CT exami-
nation, which can diagnose cricoarytenoid arthritis earlier 
and more sensitively [23].

Key Points of Diagnosis

 1. Clinical Symptoms. Sore throat or dryness when swal-
lowing or vocalizing and the pain spots are mostly located 
in the center of the posterior border of thyroid cartilage or 
at the thyrohyal space. The clinical symptoms in chronic 
stage depend on the fixed position of vocal cords when 
the joint has ankylosis, with occasional hoarseness or 
dyspnea.

 2. Laryngoscopy. Congestion and swelling of mucosa at 
the notch between arytenoid cartilages and the vocal 
cords are mostly normal. It is necessary to clarify the 
medical history and improve the blood tests related to 
rheumatoid diseases.

 3. HRCT. Thickening of cricoarytenoid articular cartilage, 
increase of synovial fluid, widening of articular cavity 
and local erosion in the early stage of disease. The crico-
arytenoid articular process, erosion or subluxation can 
occur when clinical symptoms of different degrees appear 
in the progressive stage, and most patients show decreased 
cricoarytenoid joint volume, increased joint density, and 
even the joint ankylosis changes.

25 Larynx Lesions
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Differential Diagnosis
Unilateral Vocal Cord Paralysis. Common causes of vocal 
cord paralysis include aortic aneurysm, local inflammation 
or mass of vocal cords, mediastinal lesions, surgical sequelae 
and trauma. According to the patient’s medical history, it can 
be differentiated from cricoarytenoid arthritis. Laryngoscopy 
can differentiate it effectively.

Status Quo and Progress of Research
Cricoarytenoid arthritis is often a local manifestation of sys-
temic inflammatory diseases, which is common in RA. For 
RA patients, attention should be paid to the necessary physi-
cal examination and the cricoarytenoid joint. HRCT scan 
combined with clinical data is helpful for etiological 
 diagnosis. Radiological abnormalities associated with crico-
arytenoid joint involvement usually precede clinical symp-
toms. HRCT scan can diagnose laryngeal RA even if larynx 
symptoms are minimal or absent. Asymptomatic patients and 
patients with normal laryngoscopy results may have detect-
able abnormalities on HRCT.  Studies show that [23, 24], 
laryngeal endoscopy can detect 13.3% of cases, while HRCT 
scan detect more than 80.0%. Therefore, HRCT should be 
the first choice in case of clinical suspicion of cricoarytenoid 
arthritis. MRI has higher soft tissue resolution than CT and 
can find the abnormality of cricoarytenoid joint signal earlier 
than CT. However, due to the limited imaging conditions, it 
is not the first choice for clinical examination.
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26.1  Pyogenic Osteomyelitis of the Jaws

Overview
The pyogenic osteomyelitis of the jaws is common in young 
people, which is mainly caused by odontogenic infection 
such as alveolar abscess, periodontitis, and pericoronitis of 
the third molar, accounting for about 90%. Secondly, it is 
caused by open injuries such as comminuted fractures or 
firearm injuries. Blood-borne infection is caused by septice-
mia or sepsis, mostly occurring in the maxilla of infants. A 
few cases have jaw involvement directly due to infection of 
maxillofacial skin or oral mucosa [1]. Pyogenic osteomyeli-
tis of the jaws mostly occurs in mandible, where the most 
severe disease progression shows. It is mainly because of the 
mandible dense in bone, surrounded by dense fascia and rich 
muscle tissue, thus the pus of mandible is difficult to punc-
ture and drain after infection. A few cases have jaw involve-
ment directly due to infection of maxillofacial skin or oral 
mucosa. And the blood supply of mandible is poor, and it is 
easy to form sequestrum by vascular thrombosis. The main 
pathogen is Staphylococcus aureus, followed by 
Streptococcus and a few other pyogenic bacteria, and the dis-
ease mainly involves mixed infections.

According to the clinicopathological characteristics of 
odontogenic pyogenic osteomyelitis of the jaws, the disease 
that originated from spongy bone and bone marrow in the 

center of jaws is called central osteomyelitis. The lesion 
originated from periosteum and bone cortex around jaw bone 
is called marginal osteomyelitis. Central osteomyelitis is 
often secondary to acute suppurative periodontitis or apical 
abscess. The lesions first involve bone marrow, and then 
spread to the peripheral areas, involving bone cortex and 
periosteum. Marginal osteomyelitis mostly originates from 
pericoronitis of mandibular third molars and involves perios-
teum or bone cortex of adjacent mandible. Most of the 
lesions are limited, and can also go to deep layer, and involve 
bone marrow cavity. Both types are mostly found in mandi-
ble, central osteomyelitis is mostly found in mandible, and 
marginal osteomyelitis is mainly found in mandibular angle 
and mandibular branch.

Pathology Findings
Pathological changes of pyogenic osteomyelitis of the jaws 
mainly depend on clinical stages (acute, subacute, and 
chronic) and infection sites. Once the pathogens enter the 
bone, they can multiply in large numbers and cause acute 
inflammatory reaction, and plenty of neutrophil infiltration is 
found in the lesions. The increased pressure in bone marrow 
cavity, the compression of blood vessels and the release of 
acute inflammatory reaction factors lead to necrosis of osse-
ous tissue with lesion. The foci involve periosteum through 
the haversian canal of bone cortex, forming subperiosteal 
abscess. When the inflammation expands further, it can pen-
etrate the bone and involve the peripheral soft tissue. As the 
periosteum is lifted off, the blood supply of jaw bone is 
affected, that is, it causes suppuration with ischemic segmen-
tal osteonecrosis, with sequestrum in the lesion. If the inflam-
mation can be treated in a timely and standardized way in 
acute stage, the inflammation can be relieved. If the treat-
ment is delayed, the disease will enter chronic stage. Chronic 
inflammatory cells enter osteomyelitis focus and release 
cytokines, which leads to reparative reaction. Fibrillar con-
nective tissue in bone marrow cavity proliferates under the 
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microscope. In severe cases, large sequestrums are formed or 
pathologic fractures can occur [2].

Imaging Findings
X-ray plain film can show the focus teeth and lesion scope of 
pyogenic osteomyelitis of the jaws, which can be used as the 
first choice for examination. However, X-ray photography 
has limitations in exploring lesions in early stage and tiny 
lesions, showing the details in the lesions, and finding the 
changes of peripheral soft tissues. Therefore, when the 
lesions are found, or lesions are not shown and the clinical 
manifestations support high suspicion of the infection, CT 
and MRI examinations should be further selected and 
applied.

 1. Central Osteomyelitis of the Jaws
 (a) X-ray examination: The abnormal changes of bone 

usually can occur about 10 days after infection. In the 
beginning, it only shows blurred bone trabecula, and 
then there are multiple punctate and patchy low- 
density destruction areas, especially the area centered 
on causative tooth. The lesions gradually migrate to 
the surrounding normal osseous tissue, with unclear 
margins and spread scope. After the infection focus is 
limited, it shows a large low-density area, the margin 
between the lesion and normal bone is clear, high- 
density neoplastic bone formation is found around it, 
and sequestrums varied in size are found in the lesion, 
which may be complicated with pathologic fracture. 
In the neoplastic bone formation stage, the edge of 
the lesion is clear, and the bone trabecula near the 
bone increases and becomes thicker, and the density 
increases. In the healing stage, the bone is dense, the 
bone trabecula become thicker and disordered, and 
the jaw may have deformity.

 (b) CT examination: the tiny lesions in jaw can be found 
earlier than X-ray photography, which shows 
decreased local bone density in jaw and an unclear 
margin. With the further development of infection, 
the scope of lesions expanded, and irregular low- 
density areas appear on CT, surrounded by sclerosis 
straps with a clear margin [3]. Slight periosteal reac-
tion can be found on CT, which is difficult to show on 
X-ray films. Sequestrums in lesions can show high- 
density shadows with different sizes and irregular 
shapes. When the soft tissue around the jaw is 
involved, it is found that the fat space disappears, the 
margin is blurred, the density of muscle tissue 
decreases, and sometimes with air shadows varied in 
sizes. When the abscess is formed, it shows that there 
is an abscess wall with band-shaped slightly high 
density around the localized low-density area. On CT 

enhanced scan, the lesions show marked ring 
enhancement. In the chronic stage, it shows hyperos-
tosis and osteosclerosis, density increased, and bone 
cortex integrity in lesion area of jaws.

 (c) MRI examination: The destruction area in jaw shows 
hypointense on T1WI and hyperintense on T2WI dur-
ing acute inflammation. MRI is more sensitive than 
X-ray photography and CT in finding lesions in early 
stage and showing the invasion scope of lesions. In 
addition, MRI is more sensitive to the detection of 
the involvement of soft tissue and fascia space around 
the jaws, and to the size and scope of the lesion. 
However, MRI is inferior to CT in finding small 
sequestrums in lesions and judging the hyperostosis 
and osteosclerosis around lesions.

 2. Marginal osteomyelitis of the jaws. It originates from 
periosteum and bone cortex, which can be divided into 
hyperplastic type and dissolution-destruction type.

 (a) X-ray examination: the hyperplastic lesion shows 
less bone destruction, and the neoplastic bone prolif-
eration is obvious. The neoplastic bone proliferation 
is found outside the bone cortex, and the lateral mar-
gin is neat and the bone is dense. Dissolution- 
destruction type is more common in subperiosteal 
abscess and infection of perimaxillary space. 
Dissolution- destruction type mostly occurs in bone 
cortex, and proliferation reaction is unremarkable. 
The X-ray photography shows a quasi-circular low- 
density area with a clear margin, with sclerosis strap 
around the area for patient having long duration.

 (b) CT examination: the main pathological features of 
the two types can be clearly shown, and the involve-
ment extents of periosteum, bone cortex, and periph-
eral soft tissues can be found (Figs. 26.1, 26.2 and 
26.3).

 (c) MRI examination: The neoplastic bone formed in the 
lesion shows hypointense on T1WI and hypointense 
on T2WI, and the dissolution-destruction area shows 
hypointense on T1WI and hyperintense on 
T2WI. When bone marrow of jaw bone is involved, 
hyperintense of normal fat disappears, and mainly 
replaced by hypointense on T1WI and hyperintense 
on T2WI.

Key Points of Diagnosis
 1. Patient has a history of odontogenic infection and shows 

such clinical manifestations as toothache, percussion 
pain, loose teeth, local swelling, or systemic infection 
symptoms.

 2. X-ray films, CT and MRI indicate diffuse or localized 
bone destruction, sequestrum, periosteal reaction, sub-
periosteum neoplastic bone formation, and other signs.
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Differential Diagnosis
 1. Osteolytic osteosarcoma tumor. It mainly shows disso-

lution and destruction in jaws, which should be differenti-
ated from central osteomyelitis of the jaws. Central 
osteomyelitis of the jaws is bone destruction centered on 
the causative tooth, which gradually migrates to normal 

osseous tissue, but osteolytic osteosarcoma has no such 
characteristics.

 2. Osteogenic osteosarcoma. It mainly manifests as the 
formation of multiple dense osteosarcomas in the jaws 
and peripheral soft tissues, which should be differentiated 
from marginal osteomyelitis of the jaws with significant 

a b

Fig. 26.1 Suppurative osteomyelitis of right mandible with swelling 
of peripheral soft tissue (1). (a) CT on soft tissue window shows swell-
ing of masseter and adjacent soft tissue around the right ramus of man-
dible, and blurred fat space; (b) CT on bone window shows that the 

density of bone marrow cavity in the right ramus of mandible increases, 
with irregular bone fragments and discontinuous bone cortex (indicated 
by arrow)

a b c

Fig. 26.2 Chronic suppurative osteomyelitis of maxilla with swelling 
of peripheral soft tissue. (a) CT on soft tissue window shows that the 
maxilla bone is irregular, the adjacent soft tissue is swollen, and the fat 

space is fuzzy; (b and c) Transverse and coronal CT on bone window 
show the discontinuity of maxillary bone cortex, with irregular seques-
trum formation (indicated by arrow)
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neoplastic bone proliferation. The outer margin of 
 subperiosteal neoplastic bone formed by marginal osteo-
myelitis of the jaws is more regular, while the bones and 

calcifications of osteogenic osteosarcoma are scattered in 
a shape similar to needle, which is different from each 
other.

a b

c d

Fig. 26.3 Suppurative osteomyelitis of right mandible with swelling 
of peripheral soft tissue (2). (a and c) CT on soft tissue window shows 
swelling of masseter and adjacent soft tissue around the right mandible, 
and blurred fat space; (b and d) CT bone window shows discontinuous 

bone cortex of the right mandible, periosteal reaction (indicated by 
white arrow), increased bone marrow cavity density, and irregular 
sequestrum shadows (indicated by arrow)
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Status Quo and Progress of Research
Imaging examinations, such as MSCT or MRI, can reflect 
the changes of bone marrow, bone cortex, periosteum 
and peripheral structures in pyogenic osteomyelitis of 
the jaws. Cone-beam computed tomography (CBCT) 
can perform multi-angle reconstruction depending on 
its high image resolution and low exposure dose, thus it 
shows bone destruction degree, bone marrow cavity den-
sity change and periosteal reaction superior to ordinary 
X-ray photography, and is widely used in clinical prac-
tice. However, at present, the pyogenic osteomyelitis of 
the jaws is mainly diagnosed according to results of labo-
ratory test and pathological biopsy. Park et al. [4] thought 
that the quantitative analysis method with oral cavity radi-
ography panorama could be used in early diagnosis of the 
osteomyelitis of the jaws, and 88.1% of patients could be 
diagnosed and classified accurately. Therefore, the imag-
ing significance in early diagnosis of the disease needs 
further study.

26.2  Radiation Osteomyelitis of the Jaws

Overview
Radiation osteomyelitis of the jaws originates from radioac-
tive therapy of nasopharyngeal carcinoma or oral and maxil-
lofacial malignant tumor, which is related to many factors, 
such as individual sensitivity, radiation type, irradiation 
mode, irradiation field size, exposure dose, which causes 
aseptic endarteritis of jaws and swelling and thickening of 
tunica intima, then cause constriction and occlusion of 
lumen, finally resulting in osteoradionecrosis of the jaws. If 
the bone with lesion has odontogenic infection or local 
injury, the healing time of wound will prolong, and bacteria 
will invade and cause radiation osteomyelitis [5, 6].

The disease generally has long duration and develops 
slowly, with acute recurrence. Within six months to several 
years after radiotherapy, most patients have reduced saliva 
secretion, and their teeth are prone to rampant caries. With 
secondary odontogenic infection, or injuries such as tooth 
extraction, the wounds will not heal for a long time, and 
fistula will be formed with less purulent secretion, persis-
tent pain, and halitosis. Sometimes the peripheral soft tis-
sues may fester and necrose, but the sequestrums exposed 
is not loose, and relevant patients will have chronic inflam-
mation for a long time. If secondary cellulitis occurs in 
adjacent tissues, it will show different degrees of restriction 
of mouth opening, which will cause large sequestrums in 
the jaws with long separation time, and the soft tissue in the 
lesion area will be hardening, resulting in scar formation. 

The patients with the disease generally have relatively poor 
general conditions, showing chronic wasting disease.

Pathology Findings
At present, the spontaneous necrosis of jaw is considered to 
be the result of a large dose of radioactive rays, and the irra-
diated osseous tissue has the characteristics of “three lows.” 
That is, low cells, low blood supply, and hypoxia [5]. 
Pathologic tissue sections show bone cells shrinkage, empty 
bone lacunae, osteoblasts disappeared, fibrosis of periosteum 
and bone marrow cavity and nutrient vessels thrombosis. 
Due to the lack of blood supply in the pathological tissue, the 
osseous tissue lacks compensatory repair ability under the 
condition of hypoxia and low energy, which leads to the long 
healing period of wound, and the sequestrum in the lesion is 
difficult to be separated, finally presenting aseptic necrosis.

Imaging Findings
 1. X-ray examination. It mainly shows patchy osteoporosis 

area surrounded by rough bone trabecula. When the 
lesion is extensive, there may be a large area of bone 
absorption, and the lesion may involve alveolar process. 
The patchy osteosclerosis complicated with osteoporosis 
area and sequestrums can be found in patients with long 
course of disease.

 2. CT examination. It shows irregular low-density foci in 
bone absorption area, and there are common sclerosis 
straps around the lesions. If there is sequestrum, it shows 
as isolated high-density bone mass in low-density focus. 
Pathologic fractures and periosteal reactions are rare, and 
the peripheral soft tissues are often disorganized due to 
radiation therapy. If fistula is formed, the cord-like den-
sity shadows of soft tissues can be found to reach the skin 
surface directly from the necrotic area [6] (Fig. 26.4).

 3. MRI examination. Hypointense on T1WI, heterogeneous 
signal (hyperintense and hypointense) on T2WI, and 
hyperintense on T2WI in soft tissue around the lesion area.

Enhanced CT and MRI show enhancement of peripheral 
soft tissues, and the abscess in the soft tissues with ring 
enhancement.

Key Points of Diagnosis
 1. Clinical history of radiotherapy for maxillofacial tumors.
 2. X-ray films, CT and MRI show bone destruction areas 

varied in size in the jaws, and hyperostosis and osteoscle-
rosis around the lesions, which may be complicated with 
sequestrum, and rare periosteal reaction. The peripheral 
soft tissue can be complicated with infection and internal 
fistula formation.
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Differential Diagnosis
 1. Suppurative osteomyelitis. It has imaging manifesta-

tions similar to radiation osteomyelitis. The history of 
radiotherapy for maxillofacial tumors should be noted as 
it is of great significance to differentiate these diseases.

 2. Malignant tumor of the jaws. Its recurrence often leads 
to rapid expansion of bone destruction area of the jaws 
and formation of peripheral soft tissue mass. Radioactive 

osteomyelitis has no localized mass in clinical practice 
and imaging, and there are a few sudden progression 
changes in the focus by radiographic follow-up, and the 
disease has long duration.

Status Quo and Progress of Research
In recent years, the incidence of radiation osteomyelitis of 
the jaws has decreased year by year and dropped to less than 

a b

c d

Fig. 26.4 Radiation osteonecrosis after radiotherapy for nasopharyn-
geal carcinoma. A 65-year-old female patient with post-radiotherapy of 
nasopharyngeal carcinoma. (a–d) Non-enhanced CT scan shows dif-
fuse bone cortex discontinuity in the sphenoid bone, occipital bone, 
mastoid portion of bilateral temporal bones, and bilateral mandible, and 

bone trabecula in disorderly arrangement and with cellular change and 
local osteosclerosis. The nasopharyngeal roof is thickened with unclear 
margin, and irregular soft tissue density shadows in bilateral parapha-
ryngeal space
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5% [5] imaging examinations, such as X-ray, CT or CBCT, 
MRI are mostly used for clinical diagnosis and regular fol-
low- up [5].

26.3  Drug-Related Osteomyelitis or 
Osteonecrosis

Overview
Drug-related osteomyelitis or osteonecrosis is the osteomy-
elitis or osteonecrosis of jaw bone caused by the treatment of 
systemic diseases with bisphosphonates or other targeted 
drugs. The disease is a new disease found in recent twenty or 
thirty years, and the occurrence of osteomyelitis and osteo-
necrosis is mainly associated with drugs. There are mainly 
two kinds of drugs that can cause osteomyelitis, one is anti- 
osteoclast drugs, and the other is anti-angiogenesis drugs. 
Zoledronic acid, for example, can combine with osteoclasts 
to arrest the metabolism of osseous tissue, thus causing 
inflammatory damage. These drugs are toxic to bones and to 
gums and mucosae, thus affecting the healing of osteomyeli-
tis [7–10]. After tooth extraction, the gums, epithelium, and 
mucosa show very poor healing ability. The bone lacking 
self-repairing ability is easy to be infected when it is exposed 
for a long time and cannot be healed. Therefore, tooth extrac-
tion is the main local inducing factor. It mostly occurs in 
mandible, accounting for 73%; Occurrence in maxilla 
accounts for 22.5%; Simultaneous occurrence in maxilla and 
mandible accounts for 4.5%.

Pathology Findings
In the lesion area, it shows plenty of inflammatory cell infil-
tration, with vascular proliferation, granulation tissue forma-
tion, colonies and osteoid deposition, and sequestrum 
tissue.

Imaging findings
 1. X-ray examination. It mainly shows patchy osteoporosis 

area surrounded by rough bone trabecula. During inflam-
mation, a large scope of bone absorption area, periosteal 
reaction and swelling of soft tissue around the lesion are 
found. Patchy osteosclerosis is found in osteonecrosis 
stage, with bone decreased-density area and high-density 
sequestrum [11].

 2. CT examination. The early pathological changes mainly 
show decreased density of ground-glass bone with 
unclear margin, periosteal reaction, and swelling of 
peripheral soft tissues. With the progress of the disease, 
the bone is destroyed irregularly, and large irregular low- 
density foci are found. Isolated high-density bone masses 
in the low-density foci indicate the existence of seques-
trums, with common sclerosis straps in periphery. 
Pathologic fracture, periosteal reaction, and swelling of 

peripheral soft tissues are found, which can finally cause 
complete bone necrosis [11] (Fig. 26.5).

 3. MRI examination. A definite diagnosis can be made by 
CT, and the value of MRI is to evaluate whether the jaw 
lesion is systemic metastasis or drug-related osteomyeli-
tis. Osteomyelitis shows hypointense on T1WI, heteroge-
neous signal (hyperintense and hypointense) on T2WI, 
and hyperintense on T2WI in soft tissue around the lesion. 
Mandibular metastasis shows soft tissue mass with infil-
tration growth, and the lesions show isointense on T1WI 
and hyperintense on T2WI. The soft tissue shadows show 
marked enhancement by enhanced examination.

Key Points of Diagnosis
 1. Clinical history of using bisphosphonates and targeted 

drugs and having tooth extraction due to systemic 
diseases.

 2. X-ray films, CT, and MRI show bone destruction areas in 
different sizes in the jaws, sequestrum formation, perios-
teal reaction, and peripheral soft tissue swelling.

Differential Diagnosis
 1. Suppurative osteomyelitis. It has imaging manifesta-

tions similar to drug-related osteomyelitis. It should be 
noted that whether bisphosphonates and targeted drugs 
are used due to systemic diseases and the history of tooth 
extraction, as it is of great significance to differentiate 
these diseases.

 2. Radioactive osteomyelitis. It has imaging manifesta-
tions similar to radiation osteomyelitis. It should be noted 
that whether patient has a history of radiotherapy for 
malignant tumors of the head and neck, as it is of great 
significance to differentiate these diseases. For radiation 
osteomyelitis, periosteal reaction and pathologic fracture 
are rare, while drug-related osteomyelitis and osteonecro-
sis are common.

 3. Malignant tumor of the jaws. Its recurrence often leads 
to rapid expansion of bone destruction area of the jaws 
and formation of peripheral soft tissue mass. Radioactive 
osteomyelitis has no localized mass in clinical practice 
and imaging, and there are a few sudden progression 
changes in the focus by radiographic follow-up, and the 
disease has long duration.

Status Quo and Progress of Research
The disease was firstly reported by Marx in 2003. Since 
bisphosphonate-related osteonecrosis of the jaw (BRONJ) 
was reported, there were lots of patients with osteonecrosis 
of the jaw reported. Therefore, the AAOMS changed the 
BRONJ to medicine-related osteonecrosis of jaws (MRONJ). 
The incidence of MRONJ is 1.9% in cancer patients receiv-
ing drug therapy and 0.2% in patients receiving anti- 
angiogenic drugs. The incidence of MRONJ in patients 
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c d

Fig. 26.5 Drug-related osteomyelitis. A 62-year-old female patient. 
After taking bisphosphate for 6 months, the swelling and pain of the left 
mandible gradually increased, and the anti-inflammatory treatment was 
ineffective. (a–d) Non-enhanced CT scan shows irregular bone 
decreased-density areas on the left and right sides of the mandible, and 

slightly high-density areas in the lesions, indicating the formation of 
sequestrums, discontinuity of bone cortex, indicating pathologic frac-
tures and swelling of soft tissues adjacent to the lesions (Images cour-
tesy of Zhu Ling and Tao Xiaofeng, the Shanghai Ninth People’s 
Hospital, Shanghai JiaoTong University School of Medicine)
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taking bisphosphonates orally after tooth extraction is 0.5%, 
and 1.6–14.8% in patients receiving bisphosphonates intra-
venously. The value of imaging is to evaluate the existence of 
lesions, the scope of lesions, and the existence of pathologic 
fracture. MRI is used to exclude the metastasis of systemic 
lesions and osteomyelitis caused by drugs.

26.4  Osteomyelitis with Tuberculosis 
of Jawbone

Overview
Tuberculosis of jawbone is often a secondary disease, which 
is mostly caused by blood-borne transmission. The primary 
tuberculosis lesions are mostly located in lung, digestive 
tract, pleura, and peritoneum. Mycobacteria tuberculosis 
firstly affects oral mucosa through saliva or sputum, or firstly 
infects gums and then invades jaws by mucosal ulcer or local 
trauma. Tuberculosis of jawbone commonly occurs in 
advanced stage of tuberculosis, mostly in mandible of adults, 
while maxillary tuberculosis mostly occurs in children. 
Tuberculosis of jawbone usually has unremarkable symp-
toms in early stage, with occasional spontaneous pain and 
systemic mild fever, and manifests as diffuse swelling of soft 
tissue in the lesion site, but there is often no congestion and 
redness of pyogenic infection on the skin surface or mucosa, 
and bone destruction is slow; If infection invades bone and 
peripheral soft tissue, cold abscess formation inferior to 
mucosa or skin can be found, and acid-fast bacilli can be 
found by pus smear examination [12, 13].

Tuberculosis of jawbone can be divided into alveolar pro-
cess type and central type. Alveolar process lesion firstly 
appears in gingival mucosa, and then involves alveolar pro-
cess. After the lesion deeply involves the alveolar process, 
the involved teeth become loose and fall off. When the dis-
eased alveolar process swells or has fistula and does not heal 
for a long time, secondary pyogenic infection can occur. 
Central type is mostly caused by the spread of mycobacteria 
tuberculosis to jawbone, and is mostly found in areas with 
abundant spongy bone, such as mandibular angle.

Pathology Findings
Pathology shows that tuberculous granulation tissue is 
formed in the cavity of jaw bone marrow, which is composed 
of epithelioid cells, Langhans giant cells, and scattered 
inflammatory cells, forming epithelioid nodules.

Imaging Findings
 1. X-ray examination. It shows bone destruction in the 

lesion area with blurred and irregular margin. When gin-
gival tuberculosis spreads directly, it often involves alve-
olar bone, forming a cystic cavity at or below alveolar 
process, with small sequestrum pieces in it. People 

infected by hematogenous spread often invade the man-
dibular angle, frontal bone, and zygomatic suture. The 
bone cortex in the lesion area can show expansive 
changes, especially in children. Osteoporosis is often 
found around the destruction area. If it is complicated 
with infection, there may be hyperostosis and neoplastic 
bone formation similar to suppurative osteomyelitis.

 2. CT examination. Alveolar process type shows incomplete 
cortical edge of alveolar bone, with irregular bone 
destruction area. Sequestrums varied in sizes can often be 
found in the destruction area, showing isolated high- 
density bone masses surrounded by low-density zones. 
The central destruction area is initially found in the 
spongy bone of the jaws. With expansion of the lesion, 
bone cortex can be involved. Both types of cold abscesses 
and caseous necrosis show low-density shadows, and the 
enhanced scan indicates ring enhancement. Most of the 
destruction areas are complicated with osteoporosis or 
hyperostosis and osteosclerosis, mostly occurring after 
secondary pyogenic infection. When fistulas are formed, 
cord-like slightly high-density shadows are found in the 
soft tissue between the bone destruction area and the skin.

 3. MRI examination. It shows hypointense on T1WI, hyper-
intense on T2WI in the bone destruction area in the jaws 
and edema belt around the lesions. Sequestrum manifests 
as hypointense focus in hyperintense area on T2WI. The 
cold abscess adjacent to the bone destruction area shows 
significantly hypointense on T1WI and hyperintense on 
T2WI, with ring enhancement by enhanced scan. The soft 
tissue around the lesion is often complicated with swell-
ing, especially around the fistula, and the signal intensity 
increases on T2WI.

Key Points of Diagnosis
 1. If patients are adolescents, they have a history of primary 

tuberculosis in the lung, digestive tract or other parts, or 
have gingival or oral mucosal tuberculosis lesions before 
jaw lesions.

 2. On X-ray films, CT, and MRI images, the lesions can 
manifest as bone destruction in alveolar process, man-
dibular angle and infraorbital border, with irregular shape 
and small sequestrum mass, which mostly supports the 
diagnosis of tuberculosis of jawbone.

Differential Diagnosis
Tuberculosis of jawbone should be differentiated from sup-
purative osteomyelitis. In addition to the differences in clini-
cal manifestations suppurative osteomyelitis is often 
complicated with subperiosteum neoplastic bone formation, 
while bone destruction is the main manifestation of tubercu-
losis of jawbone, and no neoplastic bone formation is found 
generally. When infection is secondary to tuberculosis of 
jawbone, hyperostosis and neoplastic bone formation are 
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found around the lesion, thus it is difficult to be  differentiated 
from suppurative osteomyelitis, and should be comprehen-
sively analyzed with other clinical information.

Status Quo and Progress of Research
MSCT can be used to detect benign tumors or tumor-like 
lesions of the jaw, and the accuracy rate of lesions is 100%, 
while the final diagnostic coincidence rate is 91.7% [14]. 
However, the clinical manifestations of patients with tuber-
culosis of jawbone are diverse and often atypical, and most 
of them are diagnosed according to the primary lesions, lab-
oratory test, imaging findings, and pathological biopsy. At 
present, there are rare imaging researches on tuberculosis of 
jawbone.

26.5  Mouth Floor Cellulitis

Overview
Cellulitis of the floor of the mouth, also known as multi- 
space infection of the mouth floor, is one of the most severe 
and difficult infections in maxillofacial region, which involve 
a wide scope, including the mouth floor, retropharyngeal 
space, and even the superior mediastinum and chest wall. 
There are multiple groups of interlaced muscles between 
mandible and tongue and hyoid bone, which are filled with 
loose connective tissue and lymph nodes. Oral infections 
caused by various reasons are easy to extend and spread 
along spaces with weak resistance, thus forming multi-space 
infections in oral, maxillofacial, and cervical region.

According to the nature of infection, cellulitis at the mouth 
floor can be divided into suppurative and necrotic types. The 
former mostly manifests as bilateral submandibular, sublin-
gual diffuse swelling and diffuse swelling at the mouth floor; 
the latter manifests as extensive paraedema of soft tissue, and 
involving the upper chest in severe cases [15].

Necrotizing cellulitis at the mouth floor, also known as 
Ludwig’s angina, pyogenic submandibular inflammation, 
etc., refers to a wide scope of acute cellulitis occurring in 
multiple spaces at the mouth floor, such as inframandibular, 
sublingual, and submental spaces, and often involves the cer-
vical fascia space and even the superior mediastinum. It is 
one of the most severe and dangerous infections in the head 
and neck, which threats to life if it is not treated properly. 
The pathogens of Ludwig’s angina lead to mixed infection. 
In clinical practice, bacterial culture may show aseptic 
growth, which is mostly caused by lack of anaerobic culture. 
The infection is mostly caused by odontogenic disease, fol-
lowed by submaxillaritis, lymphadenitis, acute tonsillitis, 
oral soft tissue and jaw injury, etc [15, 16].

The clinical manifestations of cellulitis at the mouth floor 
are swelling at the mouth floor, red and swollen mucosa, 
sharp pain, fever, difficulty in tongue movement, dysphagia 

and respiratory disturbance, soft tissue pneumatosis, sys-
temic infection, and so on. Severe cases may have asphyxia 
and even mediastinal infection and bilateral pulmonary 
infection, which is life-threatening. Laboratory test shows an 
increase in leukocyte count.

Pathology Findings
Acute cellulitis refers to non-suppurative inflammation 
caused by acute bacterial infection in subcutaneous, sub- 
fascial, intermuscular space or deep fascial cellular tissue. 
The main pathogen is hemolytic streptococcus, followed by 
mixed infection of staphylococcus aureus and anaerobic bac-
teria. Hemolytic streptococcus can release hemolysin, strep-
tokinase, hyaluronidase, etc. after infection, which makes 
inflammation to spread rapidly and fuse to normal tissues. It 
can cause extensive inflammation and edema of subcutane-
ous tissue in a short time and can lead to systemic inflamma-
tory reaction syndrome and endotoxemia, but blood culture 
often shows negative results. If the pathogen is staphylococ-
cus aureus, the lesion is limited due to the coagulase pro-
duced by staphylococcus aureus.

Pathological changes of necrotizing cellulitis are mainly 
acute necrotizing inflammation in dermis and subcutaneous 
tissues, including neutrophil and lymphocyte infiltration, 
dilation of blood vessels and lymphatic vessels, vascular 
thrombosis, necrosis of muscular tissue and fascia, and liq-
uefaction of adipose tissue [17].

Imaging Findings
Oral, maxillofacial, and cervical multi-space infection can 
be diagnosed by general clinical examination due to signifi-
cant symptoms. Local redness, swelling, heat, pain, fever, 
dysphagia, respiratory distress, restriction of mouth opening, 
mental fatigue, or irritability all suggest multi-space infec-
tion in oral, maxillofacial, and cervical regions. However, 
cellulitis or abscess in deep layer of soft tissue is difficult to 
be diagnosed only by symptoms and signs. At present the 
main imaging methods include CT and MRI.

 1. CT examination. Cellulitis and abscess are the most 
common multi-space infections at the mouth floor. 
Among them, cellulitis shows thickening and edema of 
the skin in the involved part, flocculent and reticular high- 
density shadows in the subcutaneous fat layer, thickening 
and swelling of the involved muscles with blurred mar-
gins, disappearance or significant reduction of adipose 
tissue in the fascia space, and flocculent high-density 
image in the space. On CT, abscess shows low-density 
vomica, and air of different volumes is scattered in some 
vomica, and the abscess wall shows ring enhancement 
[15, 16] (Figs. 26.6, 26.7 and 26.8).

 2. MRI examination. The cellulitis often shows swelling of 
soft tissue at the infected site and unclear margin with 
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Fig. 26.6 Space infection of mouth floor (1). (a–d) Non-enhanced CT 
scan indicates soft tissue swelling in the right area of the mouth floor, 
with blurred fat space around it, patchy lower-density area and unclear 

margin in the right submandibular area, and multiple slightly large 
lymph nodes in I–II regions of bilateral neck. After anti-infection treat-
ment in hospital, the condition improved significantly

a b c

d e f

g h i

Fig. 26.7 Space infection of mouth floor (2). (a–c) Non-enhanced CT 
scan indicates bilateral submandibular glands swelling and density 
decreased, swelling and pneumatosis of bilateral submandibular space, 
sublingual space and soft tissue at the mouth floor, and blurred periph-

eral fat space; (d–i) Enhanced examination shows marked enhancement 
of the soft tissue in the lesion area in arterial and venous phases, blurred 
subcutaneous space in the neck, and enlarged lymph nodes in bilateral 
submental neck
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peripheral tissues, with isointense and hypointense on 
T1WI and hyperintenses on T2WI; significantly hyperin-
tense on T2WI of abscess and marginal enhancement on 
enhanced T1WI; DWI and ADC are helpful to the diagno-
sis of abscess. MRI can clearly show the swelling of soft 
tissue and the deviation, reduction, or even disappearance 
of fat space.

Key Points of Diagnosis
 1. On CT and MRI, it manifests as swelling of soft tissue, 

disappearance of fat space, ring enhancement of abscess 
wall, and hyperintense on DWI of vomica.

 2. Combined with the clinical manifestations of swelling of 
the mouth floor, mucosa irritation, sharp pain, fever, etc.

 3. Laboratory test shows leukocytes increased.

Differential Diagnosis
Combined with clinical manifestations and imaging find-
ings, cellulitis at the mouth floor can be diagnosed definitely 
in most cases. Only some lesions need to be differentiated 
from tumors. Most of the tumors are invasive, and gradually 
increase so anti-inflammatory treatment is ineffective.

Status Quo and Progress of Research
Cellulitis at the mouth floor often causes multi-space infec-
tion in oral, maxillofacial, and cervical regions, which is dif-
ficult to be treated clinically due to large involvement scope. 
At present, the research on the disease mainly focuses on its 
infection spreading route, pathogen and drug resistance, 
clinical comprehensive treatment and prevention and treat-
ment of severe complications. Imaging examination, such as 
multi-slice spiral CT or MRI, can show cellulitis or abscess, 
determine the location and number of involved spaces, early 
diagnosis of complications, such as mediastinitis and pneu-
monia, and assist clinicians in making operative plans [17].
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Temporal-Mandibular Joint Lesions

Mingyu Li, Li Yao, Heng Liu, Shuangyan Sun, 
and Shuang Xia

27.1  Pigmented Villonodular Synovitis

Overview
Pigmented villonodular synovitis (PVNS), also known as 
diffuse tenosynovial giant cell tumor, is a proliferative lesion 
of synovium or tendon sheath involving unilateral joint, liga-
ment, and articular capsule. It often occurs in unilateral joint, 
mostly common in knee joint, followed by hip joint, ankle 
joint, shoulder joint, and elbow joint. It is rare in temporal- 
mandibular joint, which is usually related to trauma and 
hemorrhage [1]. According to the scope of joint involvement, 
the lesion can be divided into two types: localized type and 
diffuse type. The localized type is also called pigmented 
nodular synovitis); because the lesion develops locally in the 
joint. Diffuse type refers to the diffuse growth of lesions in 
joints, which is PVNS. Patients have repeated joint swelling 
for a long time, complicated with pain in some cases, limita-
tion of motion due to swelling and pain, and temporal- 
mandibular joint lesions may be complicated with mass 
anterior to ears, ache, hearing loss, and so on. At present, the 
accepted therapeutic approach is resection, but due to its own 
characteristics, the lesions are widely distributed and deeply 
invaded in the articular cavity, especially diffuse PVNS, 
which often involves important structures in the joint, result-
ing in difficult resection and high recurrence rate.

Pathology Findings
General pathology shows thickened synovial tissue in the 
lesion area, which is brown or yellow, with villus structure 
on the surface; There may be hematocele in the articular cav-
ity. Microscopically, synovial villi have hypertrophy, syno-
vial cells proliferate significantly, the proliferated cells are in 
small round or oval shape, and the nuclei are similar to cof-
fee beans. Benign giant cells are scattered in the lesions.

Imaging Findings
 1. X-ray and CT examination. X-ray examination can show 

the change of joint space and the invasion to joint bone but 
is difficult to differentiate diseases with low specificity. CT 
examination has a high-density resolution and can clearly 
show soft tissue proliferation and bone destruction in 
joints, and can clearly show the sclerotic margin around the 
bone destruction area (Figs. 27.1, 27.2a–d and 27.3a–d). 
However, CT lacks specificity in judging the degree inva-
sion to articular cartilage and peripheral soft tissue, and 
cannot observe hemosiderin deposition, and can only indi-
cate lesion with definite hemorrhage.

 2. MRI examination. Compared with X-ray plain film and 
CT, MRI is undoubtedly the best noninvasive examina-
tion with high accuracy and significant advantages. MRI 
examination has high resolution of soft tissue, and sup-
ports multi-parameter and multi-directional imaging, 
which can well show the lesion shape, tissue composi-
tion, and the involvement of peripheral soft tissue [2].
(a) Diffuse PVNS shows synovial villi or nodular thick-

ening, while localized PVNS shows local soft tissue 
masses.

(b) On non-enhanced MRI scan images, PVNS patho-
logically shows plenty of capillaries in hyperplastic 
synovium, causing repeated hemorrhage. After 
 cytophagy of hemosiderin by macrophages, the 
hemosiderin can cause heterogeneous magnetic field, 
showing characteristic T1WI and hypointense on 
T2WI (Figs. 27.2e–f and 27.3e–f).
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(c) On T2WI images, most of the lesions show multiple 
cystic hyperintense. This multi-cystic manifestation 
is either caused by cystic degeneration of focus, or by 
effusion accumulated in articular cavity separated by 
hyperplastic synovial tissues.

(d) Enhanced MRI examination shows enhanced findings 
in marginal area of the lesion (Fig.  27.2g–h). The 
articular surface of mandibular condyle and temporal 

bone can be eroded by pathological changes. 
Sometimes large-scale iron deposition can also pro-
duce magnetic-sensitive artifacts, especially on T2WI.

Key Points of Diagnosis
 1. Pain mass in temporal-mandibular joint area with disor-

ganized occlusal relationship and restriction of mouth 
opening.

a b

c d

Fig. 27.1 Pigmented villonodular synovitis of the right temporal- 
mandibular joint. A 55-year-old male patient. Patient complained of 
discomfort of right temporal-mandibular joint and was difficult to open 
mouth for 1  month. (a and b) Transverse CT on soft tissue window 
shows nodular soft tissue shadow in the right temporal-mandibular 
joint, with swelling, heterogeneous density, calcification, and cystic 

degeneration area, and clear lesion margin; (c and d) Coronal CT on 
soft tissue window shows widened right temporal-mandibular joint, and 
expansive bone destruction in the temporal bone (Images courtesy of 
Zhang Jun and Hao Dapeng, Radiology Department of The Affiliated 
Hospital of Qingdao University)
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Fig. 27.2 Pigmented villonodular synovitis of the left temporal- 
mandibular joint (1). A 65-year-old female patient Long-term history of 
bruxism, discomfort of left temporal-mandibular joint, pain for 1 year. 
(a and b) Transverse CT on soft tissue window shows soft tissue shad-
ows around the left temporal-mandibular joint, and unclear margin; (c 
and d) Transverse CT on bone window shows irregular bone destruc-
tion in adjacent bone, and moth-eaten bone destruction and hyperosto-

sis in the left temporal bone. (e and f) Non-enhanced transverse MRI 
T1WI and T2WI scan shows isointense on T1WI and hypointense on 
T2WI in left temporal-mandibular joint. (g and h) Transverse and coro-
nal MRI enhanced scan shows mild enhancement of lesions and marked 
enhancement of adjacent synovium (Images courtesy of Zhang Jun and 
Hao Dapeng, Radiology Department of the Affiliated Hospital of 
Qingdao University)

a b

c d
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 2. There is abundant hemosiderin deposition in the lesions, 
which manifest as characteristic hypointense on T1WI 
and hypointense on T2WI.

 3. The lesions on T2WI show multiple cystic hyperintense.
 4. Enhanced scan shows marginal enhancement of lesion.

Differential Diagnosis
 1. Synovial chondromatosis. Synovial chondromatosis in 

the temporal-mandibular joint mostly occurs in the supe-
rior articular cavity, characterized by multiple “pearl- 
like” free calcified corpuscles in the temporal-mandibular 

joint. On MRI images, the internal signals of Synovial 
chondromatosis mainly consist of three parts: abnormal 
effusion in articular cavity, thickened synovial metapla-
sia, and free chondroid corpuscles.

 2. Rheumatoid arthritis. It is a systemic disease involving 
multiple joints. The synovium of the joint is firstly 
involved, and then there is exudate in the joint, and the 
synovial granulation tissue is formed and proliferated to 
form pannus covering the articular surface. On MRI, 
rheumatoid arthritis manifests as abnormal proliferation 
of synovial pannus and invasion to joint bone structure. 

e f

g h

Fig. 27.2 (continued)
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Fig. 27.3 Pigmented villonodular synovitis of the left temporal- 
mandibular joint (2). A 37-year-old male patient. The patient suffers 
from left temporal-mandibular joint pain for 1 year. (a and b) Coronal 
CT on soft tissue window shows multiple nodular shadows around the 
left temporal-mandibular joint, which are lobulated, with unclear mar-
gin and heterogeneous density; (c and d) Transverse and coronal CT on 

bone window shows irregular bone destruction in adjacent bone with 
clear margin; (e and f) Coronal MRI T1WI and T2WI shows the left 
temporal-mandibular joint with isointense on T1WI and hypointense on 
T2WI (Images courtesy of Li Fuxing, Radiology Department, Tianjin 
Baodi District People’s Hospital)

a b

c d
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Usually, the proliferative synovial pannus shows isoin-
tense changes on T2WI.  Enhanced MRI shows marked 
enhancement of hyperplastic synovial tissue. Bone ero-
sion in rheumatoid arthritis can be round or irregular. The 
lesion signal intensities on T1WI and T2WI are signifi-
cantly lower than that of normal bone marrow, and the 
margin is blurred.

 3. Giant cell reparative granuloma. It is a locally invasive 
non-neoplastic disease, which mainly occurs in the artic-
ular surface of temporal bone, and occurs mostly in young 
women. The recurrence rate is 5–15%. The pathogenesis 
is still unclear. Some scholars think that the disease is a 
reparative reaction of hemorrhage of bone and peripheral 
tissues due to inflammation or various stimulating fac-
tors, which is not necessarily related to trauma history. 
CT shows irregular bone destruction of temporal- 
mandibular joint and calcification in soft tissue. Enhanced 
CT shows moderate enhancement of expansive mass. 
Hemosiderin deposition, calcification, and fibrosis are 
common in lesions, and hypointense is found on T1WI, 
T2WI, and DWI.

Status Quo and Progress of Research
X-ray plain film and CT examination can show expansive 
destruction of bone, and residual bone changes are found at 
the margin of the lesion. MRI examination is the best imag-
ing method to diagnose PVNS.  However, some scholars 
believe that PVNS is over-diagnosed, synovial hyperplasia 
and/or hemosiderin deposition are not enough for diagnosis, 
and the disease must be differentiated by histopathologic 
examination. The clinical manifestations of pigmented vil-
lonodular synovitis lack specificity and it is easily misdiag-

nosed as parotid mass and temporal-mandibular joint 
disorder, and the disease is rare in temporal-mandibular 
joint. The main therapeutic approach of PVNS is to com-
pletely remove the pathological tissue by surgery, and bone 
involved should also be removed. If the removal is incom-
plete, there is a recurrence probability of 35–50% [3]. With 
the improvement of understanding of the disease, many doc-
tors suggest postoperative radiotherapy. PVNS is generally 
not malignant, but there are multiple cases of recurrence and 
malignant after operation.

27.2  Pseudogout Arthritis

Overview
Pseudogout arthritis is a rare metabolic osteoarthropathy, 
also known as articular cartilage calcification, which is 
caused by calcium deposition in fibrocartilage, hyaline carti-
lage, synovium, joint capsule, tendon and intra-articular liga-
ment of joint. The calcium salt is mainly composed of 
calcium pyrophosphate dehydrate, so it is also known as cal-
cium pyrophosphate dehydrate deposition disease [4].

The average onset age of related patients is 74 years, with 
unremarkable gender difference. It can be divided into six 
clinical types: the first type shows periodic arthritis, and the 
symptoms disappear during the intermittent period; The sec-
ond type shows persistent acute onset, which is rare; The 
third type shows acute onset of chronic persistent arthritis, 
which is the most common; The fourth type is chronic pro-
gressive arthritis without acute onset; The fifth type is only 
one arthritis; The sixth type is asymptomatic. The most com-
mon X-ray manifestation is stripy calcification 1–2 mm away 

e f

Fig. 27.3 (continued)
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from the articular surface, which can be continuous or inter-
mittent. Repeated onsets of the disease may lead to joint 
degeneration.

Pseudogout arthritis generally involves large joints, 
mostly in knee joint, followed by wrist joint, ankle joint, 
elbow joint, hip joint, and spine. It mostly involves unilateral 
joint, but also in bilateral joints. Acute symptoms are similar 
to gout, with acute onset and rapid progress, red, swelling 
and sharp pain in joints, patchy erythema on articular surface 
skin, and joint ankylosis in some patients. The duration of 
disease in acute stage is self-limited, with spontaneous 
remission within 1–3 weeks. Chronic cases show small nod-
ules in the joint appendages, which gradually grow up with 
pain. The patients with long course of disease have joint 
damage, and some patients have no symptoms or only joint 
swelling. The disease is rare in temporal-mandibular joints.

Pathology Findings
The pathological changes mainly include punctate, patchy, 
or stripy calcification of fibrocartilage and hyaline cartilage 
of the joint, the hyperplastic and cystic degeneration of infe-
rior bone trabecula, the hyperplastic synovial tissue as vil-
lous nodules, constriction of joint space, and osteophyte 
formation, and rare progressive bone destruction [5].

Imaging Examination
For the patients to be diagnosed clinically, the PA plain film 
should be taken on diseased joint, and the lateral view of the 
contralateral joint and the affected side should be taken when 
necessary. Temporal-mandibular joint needs lateral oblique 
film or panoramic radiography and CT of mandible. Imaging 
shows that the signs of calcium deposition mainly depend on 
the degree of deposition and the effective choice of detection 
means. Other joint tests can be selected at the same time. For 
example, the detection rate of articular cartilage calcification 
is about 90% in the PA view, the detection rate of knee joint 
and pubic symphysis is about 98% in the PA view, and the 
detection rate of knee joint, pubic symphysis, and wrist 
orthopedics is about 100% in the PA view.

Imaging Findings
Calcification of articular cartilage shows fine linear and arc- 
like calcification shadows, which is parallel to the bony artic-

ular surface, with a transparent space of 1–2 mm between 
them [6].

Fibrocartilage calcification manifests as irregular and het-
erogeneous high-density shadows.

Calcification of the articular capsule or soft tissue around 
the joint shows cloud-like dense shadows at the margin of the 
joint, while calcification of the peripheral soft tissue shows 
sheet-like or thin line shadows, which is separated from the 
attached bone (Fig. 27.4).

Pyrophosphate arthropathy manifests as heterogeneous 
constriction of joint space, hyperostosis at joint edge, irregu-
lar bone proliferation and sclerosis on articular surface and 
in subarticular space, cystic degeneration in sclerosis area 
inferior to the articular surface, enlargement of articular cap-
sule, loose body in articular cavity, and disc-shaped erosive 
defect on articular bone surface.

Key Points of Diagnosis
 1. Two or more joints show typical hyaline cartilage or 

fibrocartilage calcification excluding intervertebral disc 
calcification

 2. Paracentesis of effusion from the joint with or without 
symptoms, monoclinic or polyclinic crystals are found by 
polarized light microscopy, lacking or showing weak pos-
itive birefringence.

Cartilage calcification is no longer the only characteristic 
sign in the diagnosis of pseudogout arthritis. Intra-articular 
calcification, juxta-articular calcification, and joint structure 
damage have the same diagnostic significance. The damage 
of joint structure can be used as an important sign to differ-
entiate from degenerative osteoarthropathy [6].

Status Quo and Progress of Research
For pseudogout arthritis calcified lesions in joints and 
peripheral area cannot be observed on X-ray films or CT 
images occasionally and cystic degenerations of lesions 
can also appear in some patients on MRI images so the 
diagnostic criteria of the disease cannot only rely on imag-
ing findings [8].

In addition, the morphology and location of pyrophos-
phate crystals can be observed by high-resolution ultrasound, 
which is helpful for the diagnosis of pseudogout arthritis [9].

27 Temporal-Mandibular Joint Lesions
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c

Fig. 27.4 CT scan of pseudogout arthritis of right temporal- mandibular 
joint [7]. (a) Transverse plane; (b) Coronal plane; (c) Sagittal plane. A 
60-year-old male patient. Pain in the right temporal-mandibular joint 

for several years. CT shows a cloud-like dense shadow at the margin of 
the joint, and the peripheral soft tissue calcification, showing sheet-like 
or thin line shadows

M. Li et al.



Part IX

Infectious and Inflammatory Diseases  
of Cervical Space



323© Science Press 2022
H. Li et al. (eds.), Radiology of Infectious and Inflammatory Diseases - Volume 2, 
https://doi.org/10.1007/978-981-16-8841-6_28

Inflammatory Lesions of Salivary  
Gland Space

Hui Dai, Haorong Zhang, Bangguo Li, and Heng Liu

28.1  Inflammatory Lesions of Salivary 
Gland

28.1.1  Epidemic Parotitis

28.1.1.1  Overview
Epidemic parotitis is a highly contagious disease, which is 
caused by the mumps virus, and its infection sources are 
mostly patients and carriers. Parotitis is mostly a childhood 
disease, which mainly occurs in children aged 5–9 years old, 
and is dominant in school-age children [1]. The disease 
occurs frequently in winter and spring, which are mainly 
transmitted through respiratory tract by droplets. The latent 
period of parotitis is 12–25 days after exposure. The main 
clinical feature is non-suppurative swelling of parotid gland, 
which can lead to meningitis, encephalitis, pancreatitis, and 
hearing loss. The disease may also develop into oophoritis in 
female patients and orchitis in male patients. Epidemic par-
otitis, like other childhood diseases, will increase in severity 
with age. The disease has an acute onset, with fever, head-
ache, muscle soreness, anorexia, etc. The parotid gland 
swells after several hours to 1–2  days, lasting for about 
10 days and then resolves spontaneously.

28.1.1.2  Pathology Findings
The main pathological change of epidemic parotitis is non- 
suppurative inflammation of parotid gland. Viral infection 
can cause swelling of parotid gland duct parietal cells, edema 
around duct and glandular stroma tissue, etc., which can 
cause obstruction of parotid gland duct, obstruction of saliva 
discharge, and amylase retention, thus increasing amylase in 
hematuria.

28.1.1.3  Imaging Findings
1. CT Examination It indicates diffuse swelling on unilat-
eral or bilateral glands, and stripy and small nodular soft tis-
sue density shadows in the low-density fat of normal parotid 
gland, without significant soft tissue mass. Enhanced scan 
mainly indicates homogeneous enhancement and thickening 
of interlobar septum and capsule. The peripheral soft tissues 
may have exudative changes and thickening of local superfi-
cial cervical fascia and platysma fascia.

2. MRI Examination The pathological features of epi-
demic parotitis are non-suppurative inflammation of parotid 
gland, inflammatory cell infiltration around parotid gland 
duct and glandular stroma, glandular stroma tissue edema, 
and fat signal of normal gland replaced by inflammatory 
exudation and proliferation nodules. Gland shows heteroge-
neous hypointense on T1WI sequence and heterogeneous 
hyperintense on T2WI and fat-suppressed sequence, with 
surrounding blurred fat space and exudation. Enhanced scan 
indicates that most lesions show homogeneous enhance-
ment, while a few lesions with patchy and nodular heteroge-
neous enhancement.

28.1.1.4  Key Points of Diagnosis
 1. Patients usually have a clear exposure history with 

patients with epidemic parotitis in 2–3 weeks.
 2. Typical clinical symptoms are swelling of parotid gland 

centered on earlobe, which may be complicated with 
fever and headache.

 3. Non-enhanced CT scan indicates diffusely increased vol-
ume of parotid gland, with density higher than the low- 
density fat in normal gland. On non-enhanced MRI scan, 
irregular isointense or slightly hypointenses on T1WI for 
glands, while heterogeneous hyperintense on T2WI and 
fat-suppressed sequence for inflammation of the gland 
and the surrounding edema area, with the surrounding 
blurred fat space, and most lesions with marked homoge-
neous enhancement.
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 4. The diagnosis must be based on serological and etiologi-
cal examination (RT-PCR experiment or virus culture).

28.1.1.5  Differential Diagnosis
Epidemic parotitis is one of the most common infectious dis-
eases of parotid gland. According to the exposure history and 
parotid gland enlargement, it is not difficult to be diagnosed. 
At present, CT and MRI are the most important imaging 
techniques for diagnosing parotid gland diseases. In the early 
stage of infection, non-enhanced CT and MRI show no sig-
nificant abnormity, and the imaging findings lack specificity. 
Its qualitative diagnosis mainly depends on specific medical 
history, signs, and laboratory test, and imaging findings can 
assist diagnosis and play a role in positioning.

1. Early Suppurative Parotitis The edema around the 
focus of suppurative parotitis is relatively mild in the early 
stage. With the progression of the disease, inflammation con-
tinues to spread, salivary gland tissue is necrotic, and multi-
ple suppurative lesions are formed. By enhanced scan, they 
show ring enhancement and garland-like enhancement, gen-
erally without orchitis or oophoritis, and the leukocyte count 
of blood routine significantly increases. Generally, epidemic 
parotitis does not appear necrosis or vomica, and leukocyte 
counts are mostly normal or slightly increased.

2. Other Viral Parotitis Such as parainfluenza virus, influ-
enza A virus, lymphocytic choroid plexus meningitis, and 
other viruses can cause parotitis, which need to be differenti-
ated by serological examination and virus isolation, and it is 
difficult to differentiate them by imaging methods.

28.1.1.6  Status Quo and Progress of Research
Epidemic parotitis is mostly pediatric disease. Considering 
radiation and tolerance of children, ultrasound is still the first 
choice for imaging examination. High-frequency ultrasound 
can visually observe the thickness, contour, internal echo, 
blood flow distribution, and nodules in parotid gland, which 
can provide reliable information for clinical diagnosis of epi-
demic parotitis.

28.1.2  Acute Suppurative Sialadenitis

28.1.2.1  Overview
Based on etiology and pathophysiology, sialadenitis can be 
classified as bacterial, viral, immune, or granulomatous 
types, among which bacterial infection is the most common 
[2]. Other causes of acute sialadenitis include dehydration, 
immunosuppression, iatrogenic infection (drug-related), and 
rare blood-borne spread. Among them, acute parotitis is the 
most common disease, with common pathogen of staphylo-

coccus aureus, a few infections by streptococcus and rare 
infections by pneumococcus. It mainly occurs in children. 
The pathogenesis of acute suppurative parotitis is divided 
into blood-borne infection and retrograde spread through 
parotid gland duct, the latter is more common, and the for-
mer is mostly found in newborns. It is reported [3] that the 
causes of acute suppurative parotitis in newborns include 
rupture of unclean oral cavity, traumatic rupture caused by 
forceps, infection of birth canal, infection by breastfeeding. 
Premature infants and small-for-date infants become high- 
risk groups because of imperfect parotid gland development. 
Most of the cases are involved unilaterally, with occasional 
reports of bilateral involvement. The clinical manifestation 
of sialadenitis is pain and swelling of salivary gland after 
eating, and purulent secretion may appear in case of bacterial 
sialadenitis. The common clinical manifestations of acute 
parotitis include fever, muscle pain, muscle discomfort, and 
other nonspecific symptoms. More specific features include 
95% facial swelling (parotitis) and/or testicular pain (orchi-
tis). If necessary, serum IgM antibody test can be used to 
diagnose parotitis. In early stage and 2–3 weeks of the dis-
ease, the titer of double serum increases more than four 
times, which is of diagnostic significance.

28.1.2.2  Pathology Findings
Pathogens of acute suppurative sialadenitis include 
Staphylococcus aureus, Streptococcus, Anaerobic bacteria, 
Gram-negative bacilli, among which Staphylococcus aureus 
is the most common one, with leukocyte infiltration and 
serous inflammatory exudation in the local lesions. The typi-
cal pathological feature of acute suppurative parotitis is sup-
purative inflammation of parotid gland in children, and the 
peripheral tissues of invaded glands often show punctate 
hemorrhage, acinus necrosis, lymphocyte infiltration, inter-
stitial edema, and so on.

28.1.2.3  Imaging Findings
1. CT Examination  
1. The glands are enlarged, the normal glands in the elderly 

become fat, and the density increases when inflammation 
occurs; the density decreases when inflammation occurs 
in the glands of young people, with blurred edge, and the 
enhanced scan shows marked enhancement, complicated 
with the density increase of adjacent fat and/or typical 
thickening of unilateral deep cervical fascia (Figs. 28.1, 
28.2, and 28.3).

2.  Segmental duct dilatation and stenosis caused by sialoli-
thiasis or duct obstruction.

3.  Intraglandular or extraglandular enlargement of lymph 
nodes, without specificity.

4.  Abscess shows low-density shadows, which may be com-
plicated with pneumatosis.
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a b

Fig. 28.1 Acute suppurative parotitis. A 45-year-old male patient. The left parotid gland swelled with pain for 1 week. (a, b) Non-enhanced CT 
scan indicates the left parotid gland increases in volume and density, with internal heterogeneous density and unclear margin

a b

Fig. 28.2 Right acute suppurative parotitis. A 55-year-old male 
patient. Swelling of right parotid gland and face with pain for 2 weeks. 
(a, b) Non-enhanced CT scan indicates the right parotid gland increases 

in volume and density, with increased and heterogeneous density. 
Thickened right buccal fascia and increased subcutaneous fat density

28 Inflammatory Lesions of Salivary Gland Space
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2. MRI Examination It shows that glands are often 
enlarged with clear or fuzzy margins. The signal is often het-
erogeneous, mainly showing heterogeneous signal of hyper-
intense on T1WI and hyperintense on T2WI, and hyperintense 
on DWI (Fig. 28.4).

28.1.2.4  Key Points of Diagnosis
 1. The gland is enlarged, with heterogeneous density/signal 

and marked enhancement, often complicated with intrag-
landular or ductal calculi. DWI shows a limited spread of 
lesions.

 2. In early stage and 2–3 weeks of the disease, the titer of 
double serum increases more than four times, which is of 
diagnostic significance.

 3. Facial swelling with fever and muscle pain.

28.1.2.5  Differential Diagnosis
1. Epidemic Parotitis It is one of the common acute respi-
ratory infectious diseases in children, and patients have a 
typical history of epidemic exposure. The disease is caused 
by mumps virus. CT shows the increased density of enlarged 
parotid gland and mild enhancement by enhanced scan. MRI 
shows irregular isointense or slightly hypointense on T1WI, 
diffuse hyperintense on T2WI, often complicated with local 
hyperintense area, and enhanced scan indicates diffuse mod-
erate enhancement. Most cases have bilateral involvement, 

enlarged glands, and mild pain. Laboratory test shows 
increased proportion of lymphocytes and amylase in serum 
and urine.

2. Cellulitis in Submasseteric Space It shows tenderness 
and swelling centered on mandibular angle, significant 
restriction of mouth opening, parotid gland duct without red 
swelling, and clear saliva secretion. Imaging shows that the 
masticatory muscles are enlarged, the space is dilated, with 
an unclear margin of the lesion and thickening of the adja-
cent fascia.

3. Lymphadenitis in Parotid Region It is also known as 
pseudoparotitis, manifests as swelling and pain in parotid 
region, no redness and swelling in parotid gland duct, and 
clear saliva secretion. Enhanced CT shows ring enhancement 
of lymph nodes with central low-density shadow, MRI shows 
isointense on T1WI and diffuse or central hyperintense on 
T2WI for lymph nodes, with peripheral marked enhancement 
and no central enhancement by enhanced scan.

28.1.2.6  Status Quo and Progress of Research
Acute suppurative sialadenitis mainly occurs in children, and 
salivary gland inflammation generally does not need imaging 
examination, but the tissue structures in parotid gland space 
are complex, so imaging methos are mainly to evaluate the 

a b

Fig. 28.3 Right acute suppurative submandibular gland calculi with 
submaxillaritis. A 45-year-old female patient. Swelling and pain in the 
right submandibular area, which were significant after eating. (a, b) 
Non-enhanced CT scan indicates the right submandibular gland 

increases in volume and density, with internal heterogeneous density. 
The margin between lesion and soft tissue at the mouth floor is unclear. 
Nodular high-density shadows found in the right submandibular gland, 
indicating calculi
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formation of abscess. At present, CT is an important imaging 
technology for diagnosing parotid gland lesions. To find the 
parotid gland lesions, the lesions should be located firstly. 
The most widely used method is U-line location. That is, the 
line passes through the dorsal point of posterior mandibular 
vein and the dorsal point of ipsilateral cervical vertebrae. 
Without typical specific findings, the simple CT and MRI 
examination cannot be singly used to diagnose the disease at 
present and should be closely combined with clinical find-
ings and related laboratory tests.

28.1.3  Chronic Sialadenitis with Calculi

28.1.3.1  Overview
Sialadenitis is an acute or chronic inflammation, which 
causes swelling and pain of salivary gland. Chronic sialade-
nitis with calculi is common in clinical practice, and most 
commonly in submandibular gland. There are two main 
causes: (1) hypoptyalism; (2) the obstruction of salivary duct 
by calculi causes saliva retrograding to the oral cavity. Oral 
bacteria exist in the form of free-swimming planktons or in 

c d

a b

Fig. 28.4 Left acute suppurative parotitis. A 67-year-old male patient. 
Swelling of left parotid gland and face with pain for 2 weeks. (a, b) 
NOn-enhanced MRI scan shows the volume of left parotid gland 
increases, isointense on T1WI, signal intensity increases on T2WI, and 

unclear lesion margin. (c, d) DWI shows increased lesion signal inten-
sity, indicating limited diffusion, and ADC shows decreased signal 
intensity of left parotid gland. Enlarged lymph nodes (indicated by 
arrow) in bilateral retropharyngeal spaces
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aggregated and sessile state, which is also called biofilm. 
Biofilm is becoming more and more important in chronic 
infection, and bacterial biofilm may be the pathogenic factor 
of salivary gland calculi. However, it is unclear whether bio-
film participates in or exists in chronic suppurative sialadeni-
tis of submandibular gland [1]. According to some studies, 
microorganisms contribute to the formation of salivary gland 
calculi. The main clinical manifestations of chronic recurrent 
sialadenitis include swelling and pain of glands, congestion 
and swelling of duct mouth and pus discharge.

It is reported that the annual incidence of salivary gland 
calculi is 1/10,000–1/3 [4]. It is generally believed that stag-
nation or reduction of salivary fluid can lead to the formation 
of salivary gland calculi. Salivary gland calculi mostly occur 
in young adults, especially aged 30–60 years old, affecting 
more men than women. Salivary gland calculi are the most 
common disease in salivary gland area, accounting for about 
50%, especially the submandibular gland, accounting for 
80–90%. The lesions are mostly single, or multiple. Swelling 
of salivary gland area on the affected side is significant, espe-
cially in eating, and it gradually relieves after eating. When 
calculi are large, intraglandular calculi with significant 
mobility can be touched. Acute inflammation of salivary 
gland can occur with bacterial infection, which may cause 
redness or pus overflow at the opening of the corresponding 
glandular duct.

28.1.3.2  Pathology Findings
Pathological manifestations of chronic recurrent sialadenitis 
include atrophy or destruction of acinus, proliferation of 
glandular duct epithelium, and proliferation of interstitial 
cells, producing plenty of collagen fibers. Salivary gland cal-
culi are composed of highly calcified spherical nuclei varied 
in shape, surrounded by layered structures formed with inor-
ganic substances and organic substances in alternating 
arrangement.

28.1.3.3  Imaging Findings
1. CT Examination  
1. The fat in the glands of chronic sialadenitis is signifi-

cantly atrophied, and the volume of parenchyma is 
reduced.

 2. CT three-dimensional imaging: patients with salivary 
gland calculi show solitary or multiple dense shadows 
varied in size and shape of corresponding salivary gland 
or the duct course area, with different degrees of duct 
dilatation (Fig. 28.5).

2. MRI Examination  
1. The gland becomes smaller, showing fat atrophy. 

Compared with the contralateral normal gland, the signal 
intensity on T1WI increases, while the signal intensity of 
the gland parenchyma on T2WI decreases. The lesions 

a b c

Fig. 28.5 Salivary gland calculi (different patients). (a) Non-enhanced 
CT scan indicates punctate and high-density shadows in the left sub-
mandibular gland area, with a size of about 11 mm × 7 mm and a CT 
value of about 617 HU; (b) Non-enhanced CT scan indicates multiple 
nodular high-density shadows in the distal opening of the right subman-

dibular gland; (c) Non-enhanced CT scan indicates slightly increased 
volume of the left sublingual gland, slightly rough margin, and nodular 
high-density shadows at the anterior border. The left sublingual gland 
duct calculi are suspected
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show heterogeneous hypointense on T1WI, and the whole 
signal caused by fibrosis tended to be hypointense-isoin-
tense on T2WI.

 2. Calculi manifest as hypointense area in hyperintense sali-
vary fluid on T2WI.

3. Endoscopy of Salivary Gland It shows congestion, 
hemorrhage, and proliferation of mucosa on the medial wall 
of duct, and mucus embolus and calculi.

28.1.3.4  Key Points of Diagnosis
1. CT Examination It can clearly show the dense shadow 
of the corresponding salivary gland or the duct course area. 
In the early stage, the glands are diffusely enlarged after eat-
ing, the density of glands is heterogeneous, and gland atro-
phy can occur in advanced stage.

2. Typical Clinical Manifestations They include repeated 
swelling of salivary gland with local pain, which is aggra-
vated during eating.

28.1.3.5  Differential Diagnosis
1. Calcification of Submandibular Lymph Nodes It is 
mostly distributed in the paravascular space in punctate or 
patchy pattern. Salivary gland calculi are mainly distributed 
along the course of duct.

2. Phlebolith or Angiolithic Degeneration It is closely 
associated with the corresponding blood vessels, and the 
enhancement of adjacent blood vessel shadows is found by 
enhanced scan.

28.1.3.6  Status Quo and Progress of Research
CT can clearly show high-density calculi and enlarged 
glands in the direction of salivary duct course. In addition, 
salivary gland ultrasonography is a convenient, simple, and 
effective method to diagnose calculi and inflammation, 
with sensitivity over 90%, especially in the treatment of 
various salivary gland calculi, it has been used as a routine 
auxiliary tool. Recently, some scholars [5] have proved that 
ultrasound can assist in the diagnosis of salivary gland cal-
culi, and location of submandibular calculi in a non-inva-
sive way by oral submandibular gland calculi resection, so 
ultrasound can be used as an alternative method of salivary 
gland endoscopy.

28.1.4  Parotid Gland Tuberculosis

28.1.4.1  Overview
Tuberculosis is a common chronic infectious disease, which 
is mainly caused by mycobacterium tuberculosis, common 
in the lungs, and can also occur in kidneys, bones, brains, 
spine and lymph nodes. Extra-pulmonary tuberculosis 

accounts for about 25% of all tuberculosis cases, among 
which tuberculous lymphadenitis is the most common extra- 
pulmonary tuberculosis, while tuberculosis of head and neck 
accounts for about 10% of extra-pulmonary tuberculosis [6].

Parotid gland tuberculosis is an extremely rare extra- 
pulmonary tuberculosis and is rarely reported even in coun-
tries where tuberculosis is prevalent. It has no specific 
manifestation, without tuberculosis lesions coexisting in 
other systems. Most of them are unilateral parotid gland pro-
gressive and painless swelling, a few have refractory irregu-
lar mild fever, and most of them have no typical tuberculosis 
poisoning symptoms, such as fatigue, night sweats, anorexia, 
and emaciation, which are easily misdiagnosed as parotid 
tumors in clinical practice. Parotid gland tuberculosis is 
prone to young women, mostly occurring in parotid lymph 
nodes, usually confined to the anterior auricular lymph nodes 
or inferior polar region of parotid gland. Parotid gland tuber-
culosis usually presents as a localized, slow-growing, and 
non-tender mass in parotid region. When the lesion is small, 
it has moderate hardness, smooth surface, and strong activ-
ity; with the enlargement of the lesions, they are hardened, 
and can adhere to the peripheral tissues with decreased 
mobility, and some of lesions merge with beading changes. 
Pain, abscess, fistula, and facial nerve palsy are the manifes-
tations in advanced stage.

Patients often have no history of pulmonary tuberculosis 
and other extra-pulmonary tuberculosis. A few patients have 
refractory irregular mild fever, and most of them have no 
tuberculosis poisoning symptoms, such as night sweats, 
fatigue, emaciation and anorexia, which are easily misdiag-
nosed as parotid tumors. In the course of disease, history of 
exposure to tuberculosis patients, suspicious manifestations 
of pulmonary tuberculosis or extra-pulmonary tuberculosis, 
enlargement of ipsilateral cervical lymph nodes, HIV infec-
tion or carrying HIV, and previous hormone therapy history 
are all possible risk factors for parotid gland tuberculosis.

28.1.4.2  Pathology Findings
The pathogenesis of parotid gland tuberculosis is unknown. 
At present, there are two main pathogeneses to explain tuber-
culosis in parotid gland and lymph node: the one is associ-
ated with oral mycobacterial infection, which is released into 
salivary gland through its duct or transmitted to cervical 
lymph node through lymphatic drainage. The other is associ-
ated with hematogenous or lymphatic diffusion in the lung. 
During the development of salivary gland, the primordium of 
parotid gland develops firstly, and its capsule is formed until 
the end, thus the lymphatic system of parotid gland is 
wrapped by parotid capsule. Parotid gland tuberculosis 
rarely occurs in parotid parenchyma, but mostly in parotid 
lymph nodes. Tuberculous parotitis exists in two forms, the 
one is local nodule, which manifests as lesion involving 
internal or external glandular lymph nodes, similar to parotid 
tumors; The other is diffuse parenchyma, which is similar to 
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common parotid gland infection. Parotid gland lymph nodes 
and diffuse parenchyma can appear alone or in combination. 
Histopathologically, like tuberculosis in other parts, parotid 
gland tuberculosis basically manifests as exudation, prolif-
eration, and caseous necrosis, which can transform and exist 
with each other. Pathological examination shows macro-
phages, lymphocytes, epithelioid cells, and Langans giant 
cells scattered in the lesions, partically complicated with 
fibrous tissue proliferation and focal necrosis.

28.1.4.3  Imaging Findings
CT or MRI manifestations of parotid gland tuberculosis are 
different in different pathological stages, and enhanced scan 
can further indicate its pathological features [7].

1. X-Ray Examination It provides limited diagnostic value 
for parotid gland tuberculosis. When the lesion is relatively 
large, X-ray can show the swelling and increased density of 
soft tissue in parotid region at affected side.

2. CT Examination It indicates that the parotid gland 
tuberculosis is similar to tuberculosis of other parts, and their 
CT manifestations are different in different pathological 
stages, as shown below:

 1. When proliferation is the dominant change, tuberculosis 
nodules are the main manifestations. Non-enhanced scan 
can indicate soft tissue nodule shadows, with a clear mar-
gin and homogeneous density. The enhanced scan shows 
solid nodules with homogeneous enhancement.

 2. With the progression of the disease, the focus mainly 
manifests as proliferation, with a small amount of case-
ous necrosis in the center, and there is basically no exu-
dation change. At this time, enhanced CT shows lesions 
with thick-walled ring enhancement, and the medial and 
lateral walls of the enhancement ring are relatively 
smooth.

 3. The lesion further progresses, with pathological manifes-
tations of proliferation, necrosis, and exudation coexist. 
CT enhanced scan mainly shows thin-walled ring or 
garland- like enhancement, with blurred medial and lat-
eral walls of the enhancement ring, and surrounding sig-
nificantly blurred subcutaneous fat layer. Among them, 
the degree of necrosis and exudation of garland-like 
enhancement is more severe than that of thin-walled ring 
enhancement. It is generally believed that the former may 
be garland-like change caused by the fusion of multiple 
lesions with exudation.

3. MRI Examination  
1. The pathological processes of parotid gland tuberculosis 

are proliferation, caseous necrosis, histolysis to form hol-
low or calcification in order. In the early stage, the acinus 
contains tuberculous nodules, the signal intensity of 

parotid gland parenchyma is heterogeneous, with irregu-
lar isointense or slightly hypointense on T1WI, slightly 
hyperintense on T2WI fat-suppressed sequence, and the 
peripheral structures are normal. When the lesion breaks 
through the acinus and invades the peripheral tissues, it 
forms nodules or granulomas, showing single or scattered 
soft tissue nodules with clear margin to the peripheral tis-
sues, isointense on T1WI and isointense on T2WI, hyper-
intense on T2WI fat-suppressed sequence, and mild 
homogeneous enhancement by enhanced scan.

 2. The lesions further develop into caseous proliferation 
stage, with the pathological process of coexisting granu-
lation tissue and caseous necrosis. Caseous substances 
have low water content and high protein content, and are 
difficult to be liquefied, thus showing no significantly dif-
ferent intense from the surrounding inflammatory granu-
lation tissues. It shows isointense on T1WI and isointense 
on T2WI, and hyperintense on T2WI fat-suppressed 
sequence. By enhanced scan, caseous substances show no 
enhancement due to lack of blood supply but can show 
heterogeneous enhancement due to the blood supply in 
inflammatory granulation tissues.

 3. In the final stage of the lesion, caseous necrosis played a 
dominant role. The center of the lesion is a large fused 
caseous or liquefactive necrosis, and the peripheral areas 
are in granuloma structure. It shows isointense on T1WI 
sequence and slightly hypointense on T2WI sequence. 
The enhanced scan indicates that the granuloma structure 
has ring enhancement due to abundant blood supply. In 
the stage, the lesion is easy to invade periphery, resulting 
in adhesion and thickening of peripheral tissues, blurred 
fat space and heterogeneous signal.

28.1.4.4  Key Points of Diagnosis
 1. With or without definite history of tuberculosis infection, 

common in young women.
 2. The imaging findings of parotid gland tuberculosis are 

closely associated with its pathological process. The three 
pathological changes (exudation, proliferation, and case-
ous necrosis) often coexist, with one of them being domi-
nant, and they can transform each other.

 3. The diagnosis of parotid gland tuberculosis is based on 
clinical history, laboratory test, radiological examination, 
and histopathology.

28.1.4.5  Differential Diagnosis
1. Pleomorphic Adenoma It is the most common parotid 
tumor, which occurs in middle-aged women and is mostly 
located in the superficial lobe of parotid gland. On non- 
enhanced CT scan, the lesions are mostly circular, quasi- 
circular, or lobulated soft tissue masses with clear margins in 
parotid region, complete capsule, density significantly higher 
than normal parotid tissue, and occasional calcification, cys-
tic degeneration, and necrosis. Small tumor often shows 
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homogeneous enhancement, and large one often shows het-
erogeneous enhancement.

2. Parotidean Lymphoma It is also known as Warthin 
tumor, is mostly found in males aged between 40 and 
60 years old, mainly located in the superficial lobe and infe-
rior polar of parotid gland, with clear lesion margin and easy 
cystic degeneration in the center. Small tumors also can have 
cystic degeneration. Because of its abundant blood supply, 
the enhanced scan shows a typical “fast-in and fast-out” 
enhancement mode.

3. Acute Suppurative Parotitis It can occur bilaterally or 
unilaterally, with significant clinical symptoms, such as red-
ness, swelling, fever and pain, and a significant increase in 
leukocyte count; CT examination shows diffuse enlargement 
of parotid gland, increased density, and marked and hetero-
geneous enhancement; When abscess is formed, irregular 
cystic necrotic areas are found in parotid gland parenchyma, 
and abscess wall has marked enhancement.

28.1.4.6  Status Quo and Progress of Research
DWI technology is the only imaging method that can observe 
the microscopic movement of water molecules in viable tis-
sue and can detect the physiological and functional changes 
related to water content of tissue in early stage. DWI can 
provide important information for the diagnosis and differ-
ential diagnosis of parotid gland abscess and tuberculosis 
[8]. The pus in parotid gland abscess contains a large amount 
of protein components, which can lead to viscosity of local 
tissue and limited diffusion of water molecules. DWI 
sequence shows significantly hyperintense. The vomica of 
parotid gland tuberculosis is formed by necrosis and lique-
faction of caseous substances, it has little endocellular struc-
tures, so the diffusion of water molecules is accelerated, and 
the DWI image findings are supplemented, with increased 
ADC value. However, some studies have found that the ADC 
value of tuberculous brain abscess is relatively low, which is 
considered to be the result of inflammatory cells [9]. Imaging 
diagnosis plays an important role when the clinical manifes-
tations and laboratory test of parotid gland tuberculosis are 
atypical.

28.1.5  Parotid Gland Cyst

28.1.5.1  Overview
Parotid gland cyst is relatively rare in salivary gland cysts 
(accounting for about 2.5% of parotid lesions), which can be 
divided into congenital cyst and retention cyst. Congenital 
cysts develop from epithelial components left in deep tissues 
during embryonic period and are divided into branchial cleft 
cysts and dermoid cysts. The saliva secreted by parotid gland 
is serous saliva, which is thin and contains a large amount of 

amylase. Moreover, the parotid gland duct is thick and 
straight, and it is difficult to retain liquid and form cyst, so 
parotid gland retention cyst is even rarer. The etiology of the 
disease is unknown, which may be associated with abnormal 
development of duct, acute and chronic inflammation of duct 
system, stenosis or occlusion of duct caused by salivary 
gland calculi, and cyst caused by saliva retention. Surgery or 
trauma is an inducement for formation of retention cyst [10], 
and postoperative or post-traumatic infection or trauma may 
also lead to the destruction of small ducts, the saliva extrava-
sates to the tissue space, and is wrapped up by surrounding 
fibrillar connective tissue to form cysts, which occur at 
superficial sites [11]. The medical history ranges from 
1  month to several years, with main manifestations being 
painless and cystic masses in parotid gland region, fluctua-
tion during palpation, which can be complicated with infec-
tion and hemorrhage.

Parotid gland cyst is mostly found in elderly men and can 
occur in any part of the parotid gland. It is generally located 
between the superficial and superficial-deep lobes of the 
parotid gland [11]. It manifests as monosaccate or polycystic 
mass developing slowly and can be asymptomatic when it is 
small. When the cyst is enlarged to a certain extent, it can be 
found due to enlargement of parotid gland area, and when 
the cyst is complicated with hemorrhage or infection, it can 
be rapidly enlarged with pain. The aspiration biopsy can 
obtain a colorless and transparent liquid, and the capsule 
fluid contains amylase. Surgery is the main treatment method 
to prevent recurrence.

28.1.5.2  Pathology Findings
The disease is mostly caused by inflammation or obstruction 
of parotid gland duct by salivary gland calculi. The wall of 
the primary cyst is lined with pseudostratified or cuboidal 
epithelioid cells, while the secondary cyst is wrapped by 
fibrillar connective tissue or granulation tissue without com-
plete epithelial cells lining.

28.1.5.3  Imaging Findings
1. Ultrasonography The parotid gland is round or quasi- 
circular, with a smooth margin and regular shape, no echo 
area in the capsule, and good sonolucency. CDFI: Blood flow 
signals are found at the margin of cyst, without blood flow 
signal in cyst. When combined with infection, it shows het-
erogeneous (isointense to hyperintense) echo and poor sono-
lucency, needing to be differentiated from hypoechoic solid 
masses.

2. CT Examination It shows homogeneous low-density 
cystic mass with thin wall and clear margin, no enhancement 
or enhancement of cystic wall by the enhanced scan. When 
the cyst is complicated with infection, the internal cystic 
density increases, the cystic wall thickens, and the enhance-
ment of cystic wall is slightly delayed (Fig. 28.6).

28 Inflammatory Lesions of Salivary Gland Space



332

a b

Fig. 28.6 Right parotid gland cyst (1). (a) Non-enhanced CT scan indicates quasi-circular low-density shadows on the right parotid gland; (b) CT 
enhanced scan shows ring enhancement of lesion edge

a b

Fig. 28.7 Right parotid gland cyst (2). (a) The right parotid gland shows quasi-circular hyperintense on T2WI, with patchy hypointense on T2WI 
in it (indicating hemorrhage); (b) T1WI enhanced scan indicates the lesion with ring enhancement

3. MRI Examination It shows hypointense on T1WI and 
hyperintense on T2WI in cystic cavity. When complicated 
with hemorrhage or infection, patchy hypointense on 
T2WI can be found in the cystic cavity (Fig. 28.7), and the 
disease is easily misdiagnosed as mixed tumor and 
tuberculosis.

28.1.5.4  Key Points of Diagnosis
Circular or quasi-circular tumors in parotid gland region 
have smooth margin, regular shape, homogeneous density or 
signal intensity, and may have septa. When combined with 
infection, the density or signal intensity may be heteroge-
neous with unclear margin.
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28.1.5.5  Differential Diagnosis
1. Mixed Tumors of Parotid Gland They are mostly 
located in the superficial lobe of parotid gland, which is 
quasi-circular, with heterogeneous low density by non- 
enhanced scan, including calcification or lower-density 
necrotic area in it, and delayed enhancement by enhanced 
scan, and no enhancement in necrotic area.

2. Lymphoma It is a malignant tumor originating from 
lymph nodes or other lymphoid tissues. Its clinical manifes-
tation is multiple painless lymphadenopathies in the whole 
body, which may involve multiple systems and organs. It 
often manifests as swelling of multiple unilateral or bilateral 
lymph nodes, homogeneous density, mild to moderate 
enhancement, and the lesions can fuse into mass. 
Pathologically, lymphoma often shows corticospinal diffuse 
tumor cell infiltration in lymph node, with higher cell den-
sity, narrower intercellular space, significant diffusion limi-
tation on DWI image and lower ADC value.

3. Epidermoid Cyst Parotid epidermoid cyst is rare and 
common in infants. It is located in parotid gland or subcuta-
neous area and can develop unilaterally or bilaterally. The 
clinical manifestation is a painless enlargement of tumor. 
The physical examination shows moderate hardness and 
smoothness. It can be complicated with infection and form 
fistula. It is difficult to differentiate the two diseases by 
 imaging. The aspiration biopsy can obtain lacte liquid on 
epidermoid cyst, and transparent liquid on branchial cleft 
cyst.

28.2  Sjögren Syndrome of Salivary Gland

28.2.1  Overview

Sjögren syndrome (SS) is a chronic autoimmune inflamma-
tory disease with unknown causes, which mainly involves 
lacrimal gland and salivary gland, and tends to gather in 
families. Primary Sjögren syndrome (pSS) is different from 
secondary Sjögren syndrome (sSS), which is a part of other 
autoimmune diseases. sSS is mainly secondary to systemic 
lupus erythematosus (15–36%), rheumatoid arthritis (20–
32%), and limited and progressive systemic sclerosis (11–
24%), and is rarely associated with multiple sclerosis, 
autoimmune hepatitis and thyroiditis. It is very important to 
differentiate primary Sjögren syndrome from secondary 
Sjögren syndrome with respect to the different disease pro-
gressions and therapeutic approaches. The global prevalence 
of primary Sjögren syndrome is 61 cases/100,000 persons, 
with the highest prevalence in Europe. The primary Sjögren 
syndrome is an autoimmune disease only inferior to rheuma-
toid arthritis with respect to incidence. In China, the inci-

dence of Sjögren syndrome is on the rise in recent years, 
with the prevalence ranging from 0.3% to 0.7%. The number 
of female patients is significantly higher than that of male 
patients, and the gender difference is (9:1)–(19:1). The aver-
age age of firstly diagnosing pSS is 56 years old, and another 
peak appears in 20–40 years old. However, the initial symp-
toms may appear several years before diagnosis. Because of 
the diversity of clinical manifestations of Sjögren syndrome, 
patients may visit the department of ophthalmology, otolar-
yngology, or stomatology for the first time. Therefore, it is 
very important for doctors of different disciplines to under-
stand the clinical manifestation, classification criteria, and 
treatment plan of the disease, which is helpful for early diag-
nosis of the disease. The main clinical manifestations of pSS 
are keratoconjunctivitis sicca (xerophthalmia), dry oral 
mucosa (xerostomia), and bilateral parotid gland 
enlargement.

28.2.2  Pathology Findings

The typical pathological manifestation of Sjögren syndrome 
is lymphocytes and plasma cells infiltration in salivary gland 
and lacrimal glands, resulting in dysfunction of target organs. 
Focal lymphocyte infiltration with complete acinar units is 
found in exocrine glands. The infiltration is mainly com-
posed of CD4+ T cells, CD8+ T cells and CD19+ B cells, 
plasma cells, and dendritic cells. When the respiratory 
mucosa is infiltrated by lymphocytes and the exocrine glands 
atrophy, the respiratory mucosa is damaged, which is often 
manifested as interstitial pneumonia, pulmonary interstitial 
fibrosis, and bronchiectasis.

28.2.3  Imaging Findings

1. X-Ray Radiography It shows dilation of distal duct in 
punctate or flocculent pattern, and the branch duct and pri-
mary duct have rough edges.

2. CT Examination It shows increased density of parotid 
gland parenchyma, with diffuse distribution of adipose tissue 
infiltration in parotid gland parenchyma (Figs.  28.8, 28.9, 
and 28.10).

3. MRI Examination Multiple punctate, utricular shadows 
in different sizes are found in the diffusely enlarged parotid 
gland, showing hypointense on T1WI and hyperintense on 
T2WI with clear margin and heterogeneous signal in glands. 
The parotid gland shows diffuse hyperintense on T1WI and 
hyperintense on T2WI, and hypointense on T2WI fat suppres-
sion, the normal gland structure basically disappears, com-
plicated with distal duct dilatation (Fig. 28.11).
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a b

Fig. 28.8 Sjögren syndrome (1). (a, b) CT examination shows increased density of bilateral parotid gland parenchyma, and diffuse punctate and 
patchy adipose tissue infiltration

a b

Fig. 28.9 Sjögren syndrome (2). (a, b) Non-enhanced CT scan indi-
cates increased volume of right parotid gland, the heterogeneously 
increased density of bilateral parotid glands, patchy soft tissue density 

shadows in right parotid gland, and punctate calcification foci in bilat-
eral parotid glands
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a b

Fig. 28.10 Sjögren syndrome (3). (a, b) Non-enhanced CT scan indicates heterogeneous density of bilateral parotid glands and diffuse miliary 
nodules

a b

Fig. 28.11 Lymphoepithelial lesion of parotid gland caused by 
Sjögren syndrome. (a, b) Non-enhanced MRI scan shows increased 
volume of bilateral parotid glands. Parotid glands show heterogeneous 

isointense on T1WI (a), heterogeneous hyperintense on T2WI (b), and 
diffuse miliary nodule hyperintense shadows in it
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4. MR Parotid Gland Duct Hydrography The lumen of 
the primary duct shows no dilation and smooth margin, while 
the parotid branches and distal ducts are dilated to different 
extents.

28.2.4  Key Points of Diagnosis

1. Ultrasonography It shows multicellular or reticular 
structures in atrophic glands, with heterogeneous or low/
anechoic areas. CT examination shows multiple small nod-
ules with high density in bilateral parotid glands, and the size 
of gland is related to the course of disease. MR T1WI and 
T2WI show parotid glands with pepper sign or cellular sign.

2. Main Clinical Manifestations Keratoconjunctivitis 
sicca (xerophthalmia), dry oral mucosa (xerostomia), and 
bilateral parotid gland enlargement.

28.2.5  Differential Diagnosis

Rheumatoid Arthritis It shows ankylosis in the morning, 
gradually progressing to joint deformity. Imaging examina-
tion shows moth-eaten destruction in joint; Sjögren syndrome 
generally shows no bone destruction and joint deformity.

28.2.6  Status Quo and Progress of Research

Magnetic resonance parotid gland duct hydrography is to 
realize imaging of water-bearing organs depending on the 
characteristics of long T2WI relaxation time of liquid in 
human body. Therefore, the static liquid in parotid gland 
duct in parotid gland region shows hyperintense, while the 
fat-rich parotid gland shows hypointense, and the flowing 
blood shows extremely hypointense or no signal due to 
flowing void effect. The imaging feature makes a strong 
contrast between salivary parotid gland duct, acinus, and 
peripheral tissues. The accuracy of parotid gland duct 
hydrography in detecting Sjögren syndrome can be as high 
as 93%, which can provide auxiliary information for early 
diagnosis in clinical practice. It is the first choice for detect-
ing Sjögren syndrome in the future and is worthy of wide 
clinical application [12].

At present, salivary gland ultrasonography is often used 
in clinical diagnosis of pSS. Zhang et al. [13] confirmed that 
the specificity and sensitivity of different scoring systems of 
salivary gland ultrasonography (SGUS) for pSS diagnosis 
can reach 93.0% and 88.6%, respectively, and the ultrasound 
score is positively correlated with clinical indicators such as 

serum rheumatoid factor and gamma globulin. This study 
suggests that salivary gland ultrasonography become a con-
venient means for clinical detection of pSS disease activity 
and evaluation of response evaluation.

28.3  Maxillofacial and Cervical Region 
Sarcoidosis

28.3.1  Overview

Sarcoidosis is a chronic systemic inflammatory disease with 
unknown causes, characterized by non-caseous granuloma, 
which is called Sarcoidosis abroad. Sarcoidosis can invade 
all organs or tissues of the whole system, and mostly involves 
lymph nodes, accounting for more than 90%, including 
intrathoracic (hilum of lung, mediastinal and intrapulmonary 
lymph nodes) and superficial lymph nodes. Maxillofacial 
region and neck region are areas with concentrated lymph 
nodes, which are superficial and easy to find. Jaw-cervical 
region sarcoidosis can be individual, i.e., jaw-neck type, or 
complicated with systemic sarcoidosis. Maxillofacial and 
cervical sarcoidosis usually involves lymph nodes in maxil-
lofacial region, followed by parotid gland, submandibular 
gland, jaw bone, gums, and tongue. In the absence of typical 
systemic sarcoidosis, nodular granuloma in the jaw and neck 
is difficult to be diagnosed, with single occurrence mostly 
misdiagnosed as benign tumor and multiple occurrences 
mostly misdiagnosed as lymph node tuberculosis and lym-
phoma [14].

The etiology and pathogenesis of sarcoidosis are not 
clear, and most of the current studies tend to associate it with 
autoimmune diseases. The onset is related to a delayed aller-
gic reaction, abnormal cellular immunity, environment, and 
genetic factors.

Maxillofacial and cervical region sarcoidosis usually 
have insidious onset, involve chronic process with unremark-
able clinical symptoms, and are often found during physical 
examination. It is mostly found in young adults and middle- 
aged people over 50 years old and also occurs in children, 
and most of them have a benign course. The clinical com-
monalities of maxillofacial and cervical region sarcoidosis 
are as follows: painless chronic lymph node enlargement, 
which is easy to be ignored; the enlarged lymph nodes gather 
but do not adhere to each other, the capsule is complete, and 
the surface skin is normal; it is easily misdiagnosed as lymph 
node tuberculosis.

Maxillofacial and cervical region sarcoidosis are often 
complicated with intrathoracic lymph node sarcoidosis, so 
chest X-ray examination is necessary, showing bilateral hilar 
lymph node enlargement.
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28.3.2  Pathology Findings

The diagnosis of sarcoidosis mainly depends on pathological 
examination. The pathological characteristics are as follows: 
(1) plenty of epithelioid cells gather into mass, a small num-
ber of lymphocytes and plasma cells form foci, and lymph 
node tissue is destroyed, but the capsule is complete; (2) sar-
coidosis granuloma is usually non-necrotic and occasionally 
necrotic; (3) Langans giant cell or xenobiotic giant cell, 
asteroid inclusion body and calcified inclusion body are 
found. Histologically, sarcoidosis is similar to tuberculosis, 
but the difference is that there are no blood vessels in tuber-
culous nodules, and there is caseous necrosis in nodules. In 
addition to plenty of epitheloid cells, tuberculosis nodules 
also have significant lymphocyte infiltration.

28.3.3  Imaging Findings

Ultrasonography shows that the enlarged lymph nodes due to 
sarcoidosis are oval and irregular, and the ratio of long diam-
eter to antero-posterior diameter (L/S) of the lymph nodes is 
higher than 1.8. The internal echo is heterogeneous, cloudy, 
and iso-echoic, without calcification. The echo of the medulla 
of the lymph nodes is enhanced, the cortex is homogeneously 
dilated, the echo is iso-echoic, and the echo of the capsule is 
heterogeneously enhanced, thickened, and completed. Over 
90% of the patients have abnormal X-ray findings of lung, 
mainly manifested as symmetrical lymph node enlargement 
of hilum of lung and elevated serum angiotensin converting 
enzyme (SACE).

Sarcoidosis lymph nodes still maintain the normal basic 
structure of lymph nodes, complicated with local fibrous tis-
sue, blood vessels and granulation tissue proliferation. Color 
Doppler shows regular and centered portal or rod-like blood 
flow signals with low blood flow velocity and low resistance 
index [15].

CT and MRI can show multiple lymphadenopathy, 
mostly involving cervical lymph nodes, followed by 
parotid gland, submandibular gland, jaw bone, gum, and 
tongue. The density or signal intensity of enlarged lymph 
nodes is homogeneous, internal necrosis is rare, and the 
lesions have no fusion tendency. It rarely invades adjacent 
structures.

28.3.4  Key Points of Diagnosis

 1. Single and multiple cervical lymph node enlargement 
with clear margin, homogeneous density, and little 
necrosis.

 2. Chest X-ray shows bilateral symmetrical lymph node 
enlargement of hilum of lung and sarcoidosis triad (left 

and right hila of lung and paratracheal lymph node 
enlargement).

 3. Lymph node biopsy is the standard method for diagnosis, 
and SACE measurement is the auxiliary diagnosis and 
activity index of sarcoidosis.

28.3.5  Differential Diagnosis

1. Lymphoid Tuberculosis It is often beaded, with 
L/S > 2.0, in oval shape, with heterogeneous internal echo, 
concentrated or scattered liquefaction areas, and punctate 
and crumby strong echo with acoustic shadow. The patient is 
younger and has tuberculosis poisoning symptoms. The 
BCG protein derivative test shows positive results and tuber-
culosis treatment is effective. Caseous necrosis due to prolif-
erative nodules is secondary to tuberculous enlarged lymph 
nodes, with later fibrosis and calcification. Color Doppler 
imaging shows deformed or varied portal scattered blood 
flow signals in dot or short-bar pattern, with low blood flow 
velocity and high resistance index.

2. Malignant Lymphoma Malignant tumor cells have infil-
tration growth, their structural levels are often destroyed, 
swelling is obvious, L/S < 1.5, marrow echo shows deforma-
tion and defect, mostly showing clinical manifestations and 
systemic manifestations of primary tumors, and the lesions 
progress rapidly. Because of tumor cell infiltration, structural 
destruction, blood flow disturbance, blood vessel compres-
sion and destruction of malignant tumor lymph nodes, the 
blood flow distribution is diversified, with abundant portal or 
reticular blood flow signals, high blood flow velocity, and 
high resistance index.

28.3.6  Status Quo and Progress of Research

The incidence of sarcoidosis is on the rise, and the sensitivity 
and specificity of single index in diagnosis of cervical lymph 
node sarcoidosis are not sufficient. It needs to be comprehen-
sively evaluated by combining two-dimensional ultrasound, 
color Doppler flow imaging, chest X-ray, and clinical 
manifestations.

28.4  Eosinophilic Lymphoid Granuloma 
in Maxillofacial Region

28.4.1  Overview

Eosinophilic lymphogran-uloma (ELG) is a rare benign vas-
cular hyperplastic disease with long course, and its etiology 
is still unknown, with subcutaneous mass and superficial 
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lymph node enlargement as typical manifestations. In 1937, 
Jin Xianzhai, a Chinese scholar reported seven cases of 
eosinophilic lymphoblastoma for the first time, which was 
considered as a new disease with unknown etiology. In 1969, 
Wells and Whster firstly proposed the name “eosinophilic 
lymphogran-uloma,” also known as angiolymphoid prolifer-
ation with eosinophilia (ALHE). Its pathogenesis is unknown, 
and there are two hypotheses of its composition: prolifera-
tion from vascular tumor or lymphocyte [16]. The first 
hypothesis is related to arteriovenous shunt and previous 
trauma (friction, surgery, cold injury, laceration, etc.), simi-
lar to pyogenic granuloma. High estrogen status may be one 
of the pathogenesis of this situation. This phenomenon also 
exists in various vascular tumors during pregnancy. The sec-
ond hypothesis holds that ALHE is a lymphoproliferative 
disease, which is supported by the progression and frequent 
recurrence of the disease. The rearrangement and monoclone 
of T-cell receptor gene have been observed in ALHE cases, 
which increases the possibility of considering the situation 
as low-grade T-cell lymphoma. It is worth noting that some 
ALHE cases are related to human herpesvirus and human 
T-cell lymphovirus. In a word, ALHE is a true vascular 
tumor, which is rich in inflammatory components and is also 
a lymphoproliferative process with reactive angiogenesis. 
The disease manifests as pruritus and pigmentation. Typical 
patients have touchable and painless soft tissue masses with 
blurred margins and local enlarged lymph nodes. It is prone 
to middle-aged men. Meanwhile, the eosinophil count in 
peripheral blood >0.05× 109/L can be used as an auxiliary 
diagnostic basis.

28.4.2  Pathology Findings

Tumors are mainly distributed in dermis, but rarely in subcu-
taneous tissue. The lesions can be combined with vasculitis 
components, capillary-sized vascular proliferation, lined 
with significant and enlarged endothelial cells, showing a 
typical cobblestone appearance. Most cells are cuboids, with 
vacuoles in cytoplasm and even ovoid nuclei. Lymphocyte 
and eosinophil infiltration is found in the lesion area. Mitosis 
is rarely observed. Vascular components are dominant in 
early stage or active ALHE, and lymphoid infiltration is 
more significant in advanced stage of disease. Histological 
evidence of arteriovenous shunt is found in 42% of cases.

28.4.3  Imaging Findings

1. Parotid Gland Duct Angiography The branch duct is 
displaced, and the glands are irregularly or regularly 
filling-defect.

2. CT Examination When the parotid gland is involved, the 
gland volume increases and many nodules with clear mar-
gins are found inside, and liquefactive and necrotic areas can 
be accompanied inside.

3. MRI Examination It shows that the lesion margin is 
unclear, and the lesion center is mostly liquefied and necrotic, 
with hypointense on T1WI and hyperintense on T2WI.  In 
some cases, the necrotic area has septa, and the adjacent fat 
is atrophied and thinned. On T1WI sequence, multiple thin 
line shadows are found to extend to the surrounding fat layer, 
and the thickness of the wall around the necrotic area is het-
erogeneous, showing isointense. Isointense is found around 
necrotic area on T2WI sequence, and the lesion is surrounded 
by thin hyperintense edema belt. On T2WI fat-suppressed 
sequence, the liquefactive necrosis area and edema belt are 
remarkable. The involved lymph nodes are enlarged with 
homogeneous signals. Enhanced scan shows peripheral wall 
and septa of the lesion with marked homogenous enhance-
ment, but liquefactive necrosis is not enhanced. Enlarged 
lymph nodes have marked and homogeneous enhancement.

28.4.4  Key Points of Diagnosis

 1. CT examination. It shows that the gland is enlarged in 
size, with multiple nodules with clear margins in it, and 
localized soft tissue masses. On MRI T2WI sequence, 
isointense is found around the necrotic area, and the 
lesion is surrounded by thin hyperintense edema belt. The 
involved lymph nodes are enlarged with homogeneous 
signal. Enhanced scan shows peripheral wall and septa of 
the lesion with marked homogenous enhancement, but 
liquefactive necrosis is not enhanced.

 2. The characteristic manifestation of the disease is pruritus 
and pigmentation in the lesion area.

 3. The number of eosinophils in peripheral blood is >0.05× 
109/L.

28.4.5  Differential Diagnosis

1. Kimura Disease ELG and Kimura disease are previously 
considered as manifestations of the same entity. 
Epidemiology, clinical and histopathological features then 
differentiate them from each other. Kimura disease is prone 
to young Asian men. The lesions mainly involve the auricle 
or parotid gland. It manifests as image triad: subcutaneous 
nodule, salivary gland mass, and lymph node enlargement; 
clinical triad: painless hard nodules, eosinophilia in blood or 
tissue and IgE elevation. Enhanced CT shows that subcuta-
neous mass with moderate enhancement, enlarged round 
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lymph nodes, and mild to marked enhancement. Enhanced 
MRI shows characteristic solid enhanced nodules.

2. Pyogenic Granuloma It is an explosive papule, some-
times complicated with erosion or ulcer of cuticle. Imaging 
findings are mass-like lesions with heterogeneous density or 
signal intensity, with heterogeneous enhancement and unre-
markable occupying effect. Histologically, it is composed of 
capillary-sized blood vessels, which is in sharp contrast with 
immature vascularization.

28.4.6  Status Quo and Progress of Research

Eosinophilic lymphogran-uloma is a rare benign vascular 
hyperplastic disease, which can be preliminarily diagnosed 
according to bilateral parotid gland enlargement and multi-
ple lymph node enlargements combined with clinical labora-
tory tests. Imaging mainly evaluates the scope of lesions, and 
the latest research [17] shows that contrast-enhanced ultra-
sound (CEUS) examination has high diagnostic efficiency 
for benign and malignant lesions of salivary gland. The main 
features of CEUS in malignant lesions of salivary gland are 
no complete enhancement ring by enhanced scan, unclear 
margin of the mass, and expanded scope of the mass by 
enhanced scan.
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Lesions of Submasseteric Space 
and Parapharyngeal Space

Shuang Xia

29.1  Submasseteric Space Infection or 
Abscess

29.1.1  Overview

The submasseteric space is the potential space among fascia, 
muscle, and periosteum, which is filled with loose connec-
tive tissue and fat, and there is direct or indirect communica-
tion between them. In case of infection, it is easy to diffuse 
to adjacent spaces through fat and connective tissue with 
weak resistance, thus causing multi-space infection.

The submasseteric space is formed by superficial layer of 
the deep cervical fascia, that is, the cuff fascia, wrapping the 
masticatory muscles in layers. It includes fat space sur-
rounded by temporal fossa, infratemporal fossa, masticatory 
muscles (temporal muscle, medial pterygoid muscle, lateral 
pterygoid muscle, masseter), ramus of mandible, ectopic 
salivary gland tissue, neurovascular, etc. Infection, tumor, 
and other diseases can occur in the space. The spreading 
route of infection: the submasseteric space communicates 
directly with the superior medial pterygopalatine fossa via 
pterygomaxillary fissure, directly communicates with the 
anterior medial buccal space via the sigmoid incision, con-
nects with the medial parapharyngeal space via the medial 
pterygomandibular space, communicates with the posterior 
parotid space via the masseteric space, can break through the 
masseter fascia of parotid gland, and then enter the parotid 
gland, connecting with the inferior submandibular space and 
sublingual space, and invasion to the neck along the fascia 
and fascial space. The submasseteric space is mainly odonto-
genic infection, which is mainly caused by pericoronitis of 
mandibular third molars and periapical periodontitis of man-
dibular molars involving the space. It can also be caused by 
suppurative inflammation of temporal space, infratemporal 
space, pterygomandibular space, buccal space and parotid 

gland. The infection route can spread directly through the 
space, and can also cause infection in the space through vas-
cular and lymphatic drainage. Osteomyelitis adjacent to 
mandible can also cause infection in submasseteric space. 
The masseteric and pterygomandibular spaces are involved 
firstly, and then involves parotid gland space and subman-
dibular space.

The main characteristic of masticatory space infection is 
that the patient’s jaws are closed, and the masseter area has 
palpable solid mass [1], often having clinical symptoms such 
as fever, maxillofacial pain, and swelling. Due to the strong 
obstruct of masticatory muscle fascia, inflammation can 
cause osteomyelitis adjacent to mandible, and involves buc-
cal space, pterygomandibular space and parapharyngeal 
space, causing multi-space infection and breaking through 
parotid fascia and causing parotid gland abscess.

29.1.2  Pathology Findings

In the early stage of infection, neutrophil infiltration, edema, 
hemorrhage, necrosis of striated muscle and abscess forma-
tion occurs in the lesions. With the development of the dis-
ease, neutrophil infiltration and tissue necrosis become more 
severe, and then neutrophils disintegrate, cell fragments 
increase, fibroblasts proliferate, abscesses are wrapped to 
form abscess walls. In the chronic stage, the abscess wall is 
repaired by fibrous tissue and granulation tissue.

29.1.3  Imaging Findings

The submasseteric space infection can communicate directly 
through the space or connect indirectly through connective 
tissue and neurovascular bundle, and the infection often 
spreads to multiple spaces. MSCT can show the extent of 
infection [2]. Submasseteric space infection can spread and S. Xia (*) 
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involve buccal space, parotid gland space, submandibular 
space, subtemporal, and temporal space, parapharyngeal 
space, mandibular body space, pterygopalatine fossa and 
pterygoid intermuscular space. It can involve the neck, 
involves the level of thyroid gland isthmus and manubrium 
in the space between superficial cervical fascia and deep cer-
vical fascia, and spread down to the level of the right extremi-
tas sternalis claviculae along right sternocleidomastoid 
muscle [2].

Submasseteric space infection can manifest as cellulitis 
and/or abscess formation, which has the characteristics of 
spreading to peripheral tissues. CT shows soft tissue swell-
ing with low density, unclear margin, intermuscular space 
effusion and muscle edema, and subcutaneous fat space 
shows flocculent and reticular changes. Abscess is formed 
in the focus area, which may have septa. CT shows a single- 
ring or multiple-quasi-circular lower density areas, and air 
shadow are found in some vomica (Fig. 29.1). MRI shows 
hypointense on T1WI and hyperintense on T2WI.  When 
abscess forms, the content of vomica shows significant 
DWI restriction and edema around it, which can be differ-
entiated from tumor necrosis. The enhancement is single-
ring or multiple- ring enhancement, with smooth and 
homogeneous wall thickness. Osteomyelitis adjacent to 
mandible manifests as ramus of mandible with heteroge-
neous density, bone destruction and osteosclerosis, possi-
ble periosteal reaction, and increased fat density around the 
ramus of mandible.

29.1.4  Key Points of Diagnosis

 1. CT shows soft tissue swelling with low density, unclear 
margin, effusion in intermuscular space and muscle 
edema, and subcutaneous fat space with flocculent and 
reticular changes. Abscess is formed in the focus area. CT 
shows single-ring or multiple-quasi-circular lower den-
sity areas, and air shadow is found in some vomica.

 2. MRI lesions show hypointense on T1WI and hyperintense 
on T2WI. When abscess forms, DWI limitation of vomica 
contents is obvious, and peripheral edema is obvious. By 
enhanced scan, it shows single-ring or multiple-ring 
enhancement, with smooth and homogeneous wall 
thickness.

 3. The disease can be complicated with osteomyelitis adja-
cent to mandible, which manifests as ramus of mandible 
with heterogeneous density, bone destruction and osteo-
sclerosis, possible periosteal reaction, and increased fat 
density around ramus of mandible. Lesions may be com-
plicated with multiple spaces.

29.1.5  Differential Diagnosis

Tumors in Submasseteric Space The tumors are regular or 
irregular masses, and the density by non-enhanced CT scan 
is similar to that of muscles, with isointense on T1WI and 
hyperintense on T2WI slightly higher than that of muscles. 

a b

Fig. 29.1 Infection of the left submasseteric space. (a, b) Transverse non-enhanced CT scan indicates edema and blurring of subcutaneous fat 
layer in left maxillofacial region, enlargement of masseter, decreased density and bubble shadows in the area
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Hypointense on DWI when tumor necrosis occurred, while 
DWI shows hyperintense in abscess. Occasionally, hemor-
rhage and calcification can occur in tumors, while infectious 
lesions rarely bleed. The enhanced scan indicates multiple 
masses with marked enhancement and margin, while the 
inflammation is heterogeneously enhanced, and the margin 
is unclear. The edema degree of muscle and subcutaneous fat 
layer adjacent to tumor is not as severe as that of infectious 
lesion [3].

29.1.6  Status Quo and Progress of Research

The two sides of the neck structure are basically symmetri-
cal. CT and MRI examinations are easy to differentiate the 
unilateral primary lesions of the neck, and special attention 
should be paid to defining the scope of lesions involved in 

the diagnosis. Spiral CT can clearly show soft tissue shadow 
in submasseteric space, swelling of adjacent muscles, fascia 
and subcutaneous structure, and unclear margin. MRI is 
mainly used to differentiate inflammatory lesions from neo-
plastic lesions and to evaluate the extent of lesions. 
Meanwhile, MRI is more sensitive to bone marrow cavity 
edema than CT, and the combination of CT and MRI can 
accurately evaluate the nature of lesions.
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Lesions of Sublingual Space

Mengmeng Yu, Xuedong Bai, Bangguo Li, and Heng Liu

30.1  Infection and Abscess in Sublingual 
Space

Overview
The floor of the mouth is divided into upper and inferior 
parts by the mylohyoid muscle, the superior part is sublin-
gual space, and the inferior part is submandibular space and 
buccal space. The sublingual space can be divided into lin-
gual septum space, sublingual caruncle space, and maxillo-
facial sulcus space, among which the latter can be further 
divided into maxillofacial sulcus medial space and maxillo-
facial sulcus lateral space.

The sublingual space is extremely complex in anatomy, 
and the generalized sublingual space is horseshoe-shaped, 
including all cellular spaces below the tongue and mouth 
bottom mucosa, above the hyoid muscle of the mandible and 
inside the mandible, that is, the sublingual space, the upper 
and lower spaces of the buchyoid muscle and the spaces 
between the buchyoid muscles. The sublingual space is 
divided into two symmetrical parts by buccolingual muscle 
and buccolingual skeletal muscle, which communicate in the 
deep surface of the frenum linguae. There are sublingual 
gland, deep submandibular gland and its ducts, lingual nerve, 
hypoglossal nerve, sublingual artery and vein, etc. in the sub-
lingual space. The sublingual space communicates with the 
parapharyngeal space and the pterygomandibular space 
backward and upward, and communicates with the posterior 
inferior submandibular space [1].

Sublingual space infection refers to acute pyogenic infec-
tion of sublingual space. Its main clinical manifestations are 
inflammatory redness and tenderness in submandibular tri-

angle, and inflammatory mass and tenderness in the early 
stage of onset. There is throbbing pain, fluctuation, and eru-
bescence when entering the suppuration period. Pus is easy 
to be extracted by aspiration. Patients have different degrees 
of temperature rise, increased leukocyte count, and so on. 
The infection of sublingual space can be caused by odonto-
genic infection of mandibular teeth, injury of oral mucosa, 
ulcer wound, penetration of foreign matters, inflammation of 
sublingual gland and submandibular gland duct, and spread 
of infection of ipsilateral submandibular space [2].

Pathology Findings
There are a lot of inflammatory cell infiltration, angiectasis, 
and necrosis in the lesion area.

Imaging Findings
In the infection of floor of mouth and maxillofacial space, 
imaging examination has five main objectives: (1) assist clin-
ical diagnosis; (2) define the scope of infection; (3) make 
sure whether there are complications; (4) determine whether 
there is abscess formation; (5) Dynamic monitoring of infec-
tion process in deep space [3, 4].

 1. X-ray examination. It is difficult to make accurate quali-
tative and localized diagnosis for infection of the floor of 
the mouth and maxillofacial space. At present, CT and 
MRI examinations are widely used in the diagnosis of 
maxillofacial lesions, and can clearly diagnose the nature, 
location, and size of the lesions and the relationship 
between the surrounding great vessels and important 
structures such as trachea.

 2. CT examination. Non-enhanced CT shows that the sub-
lingual space is swollen, the density of fat space at the 
mouth floor increases or even disappears, and the margin 
is unclear, showing iso-density shadows or slightly low 
density. The low-density area in the lesion area indicates 
necrotic liquefied tissue. After abscess formation, the 
enhanced examination shows ring enhancement, the 
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abscess wall is thick, and the septa shadow can be found 
in some parts. The necrotic liquefied tissue has no 
enhancement, and the margin of abscess is blurred, which 
can extend along the adjacent space to the contralateral 
space (Figs. 30.1 and 30.2). CT examination can be used 
to reconstruct images on coronal, sagittal and any planes, 
show the anatomical relationship between fascia and 
interstitial fascia in detail, clearly determine the distribu-
tion location and spread way of infection, and help to 
differentiate the corresponding complications in early 
stage, such as perimaxillary and submandibular abscess. 
(1) Cellulitis: CT shows skin edema and thickening, adi-

pose tissue density increased, muscular tissue density 
decreased and sublingual space disappeared; (2) Pus for-
mation: the vomica has marginal enhancement, and the 
density of pus is between water and muscular tissue; (3) 
Pneumatosis: Dark shadows with sharp edges scattered 
in soft tissues.

 3. MRI examination. It can differentiate the scope of infec-
tion, especially the show of congestion, edema and 
abscess in cellulitis is significantly superior to CT. The 
sublingual space is one of the three main spaces on the 
floor of the mouth. The imaging characteristics of its 
inflammatory changes are similar to those of cellulitis in 

a b

c d

Fig. 30.1 Infection in sublingual space. (a–d) Non-enhanced CT scan indicates that the soft tissue of the right submandibular and mouth floor is 
swollen, the fat space is blurred, and the air density shadows can be found
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Fig. 30.2 Infection in sublingual space with abscess formation. (a–f) 
The arterial and venous scans of CT show that the left sublingual part is 
irregularly shaped and slightly low density. By enhanced scan, the 
lesion shows marked heterogeneous enhancement at the edge, with 

slightly low enhancement area in it, the inner edge is still smooth and 
the outer margin is blurred. (g–l) Coronal and sagittal reformation 
shows the overall shape and scope of the lesion

a b c

d e f

g h i

j k l
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the floor of the mouth, including swelling of soft tissue in 
the floor of the mouth, reduced signal intensity of adipose 
tissue in the fascia space on T1WI, unclear margin between 
swelling of the infected site and peripheral tissues, isoin-
tense and hypointense on T1WI, and hyperintense on 
T2WI.  After abscess formation, it shows significantly 
hyperintense on T2WI fat-suppressed sequence, and ring 
enhancement by enhanced T1WI [2]. DWI and ADC are 
helpful for the diagnosis of abscess. The hyperintense on 
DWI is a characteristic [4].

Key Points of Diagnosis
 1. Inflammatory redness and tenderness in the submandibu-

lar triangle are mostly found in children. Dental infection 
of mandibular teeth, oral mucosa injury, ulcer wound, 
inflammation of sublingual gland, submandibular gland 
duct and spread of infection of ipsilateral submandibular 
space can all cause the disease.

 2. The characteristic manifestations of CT and MRI: (1) cel-
lulitis, CT shows skin edema and thickening, adipose tis-
sue density increased, muscular tissue density decreased 
and sublingual space disappeared; (2) Pus is formed, the 
vomica has marginal enhancement, and the density of pus 
is between water and muscular tissue; (3) Pneumatosis, 
and dark shadows with sharp edges scattered in soft tis-
sues. If abscess is formed, it will be heterogeneous ring 
enhancement by enhanced scan, and pus will not be 
enhanced. DWI shows hyperintense when local pus is 
formed.

Differential Diagnosis
Sublingual space infection should be differentiated from dis-
eases with similar symptoms at the mouth floor, and the 
diagnosis should be combined with clinical history and 
signs.

 1. Tongue cancer with infection. It mainly shows lump, 
which usually involves tongue tissue. If the sublingual 
space is involved, the lesion margin is relatively clear, 
with isointense on T1WI and hyperintense on T2WI. If the 
lesion progresses rapidly, the imaging findings will 

 overlap with benign infection lesions, and the diagnosis 
has some difficulties.

 2. Suppurative sublingual adenitis. It shows diffuse swell-
ing of gland with blurred contour. When abscess is 
formed, spot or hollow low-density necrotic area is 
formed, subcutaneous fat layer is blurred and density is 
increased. By enhanced scan, the abscess formed ring 
shape and garland-like shape enhancement.

 3. Infection of sublingual cyst. Sublingual cyst has a clear 
margin. When it is complicated with infection, the cyst 
wall has marked enhancement, the shape is regular, the 
swelling degree of peripheral soft tissue space is low, and 
the focus often develops along the space.

Status Quo and Progress of Research
Sublingual space infection is secondary infection, and 
accurate diagnosis can be made according to clinical fac-
tors, clinical symptoms and signs. At present, the research 
on sublingual space infection mainly focuses on its infec-
tion spreading route, pathogen microbiology research, 
comprehensive treatment, maxillofacial trauma repair and 
prevention of corresponding space infection. Among them, 
imaging examinations, such as ultrasound, multi-slice spi-
ral CT and MRI, are mostly used to observe cellulitis and 
abscess, so as to clarify the location, scope, and diffusion 
path of infection [5].
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Lymphatic Gland Lesions in Neck

Min Tang, Hui Dai, Heng Liu, Yang Cao, Shuang Xia, 
and Ying Zou

31.1  Cervical Lymphnoditis

31.1.1  Overview

Cervical lymphadenitis is mostly secondary to odontogenic 
and oral infections and can also come from facial and neck 
skin injuries, furuncle, carbuncle, etc. Lymphadenitis in chil-
dren is mostly caused by upper respiratory tract infection or 
inflammation of the pharyngeal tonsil. Because of the differ-
ent pathogens, it can be divided into viral lymphadenitis, 
bacterial lymphadenitis and fungal lymphadenitis. In the 
early stage, the lymphadenitis manifests as enlarged local 
lymph nodes, palpable neck nodules, conscious pain or ten-
derness, and slight systemic reaction. If lymphadenitis is not 
controlled in time, abscesses may be formed, the pain will be 
aggravated, and the surrounding skin will show red swelling, 
and the skin temperature will rise. After a single lymph node 
capsule is festered, it can involve several adjacent lymph 
nodes and fuse with each other to form an inflammatory 
mass. After the abscess ruptures, a pale yellow sticky pus 
flows out. At this time, there are systemic toxemia symptoms 
such as high fever, chills, headache, and anorexia. Laboratory 
test shows that the leukocytes increase rapidly. In the chronic 
stage of lymphadenitis, hard nodules with slight pain are 
formed, with mild activity, tenderness, and unremarkable 

systemic symptoms. When the body’s resistance decreases, 
lymphadenitis can have acute recurrence. After the prolifera-
tion and enlargement of inflammatory lymph nodes, even if 
the inflammation is controlled, it is difficult to completely 
subside [1].

31.1.2  Pathology Findings

Lymphadenitis mainly manifests as necrosis and plenty of 
inflammatory cell infiltration.

31.1.3  Imaging Findings

1. CT Examination One or more enlarged lymph nodes 
with different sizes appear unilaterally of the neck, which are 
round or oval with clear margin. Nodules can fuse with each 
other, but the margin is unclear. If the inflammation is not 
controlled, it can develop into suppurative lymphadenitis, 
with central necrosis of enlarged lymph nodes, reduced CT 
density and blurred edge (Fig. 31.1).

2. MRI Examination Lesion shows hypointense on T1WI, 
hyperintense on T2WI, hyperintense in the center of DWI 
sequence, and ring enhancement by enhanced scan on 
lesions, with smooth medial wall and homogeneous wall 
thickness.

31.1.4  Key Points of Diagnosis

 1. Patient mostly have history of infection.
 2. Enlarged lymph nodes with homogeneous density and 

marked homogeneous enhancement; DWI signal in the 
necrotic area of pyogenic lymphadenitis shows ring 
enhancement and smooth medial wall.
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31.1.5  Differential Diagnosis

1. Lymphoma Multiple enlarged lymph nodes occurring 
unilaterally or bilaterally, with homogeneous density, mild to 
moderate enhancement by enhanced scan, and the lesions 
could fuse into a mass shadow.

2. Metastatic Tumor Patients often have a history of pri-
mary tumors, and the density or signal intensity of enlarged 
lymph nodes is heterogeneous, and there may be cystic 
necrosis, which shows heterogeneous enhancement by 
enhanced scan.

31.1.6  Status Quo and Progress of Research

Dual-energy scanning realizes the separation of material 
components according to the different density characteris-
tics of different materials under different energies. Dual-
energy CT iodine map can show the distribution of iodine in 
images and can quantitatively evaluate the iodine concentra-
tion in lymph nodes, thus reflecting the distribution of 
lymph node blood perfusion. Inflammatory lymph node cor-
tex contains plenty of secondary lymph nodules, with 
enlarged lymph follicles, abundant lymphocytes, thickened 

medullary cord and increased endothelial cells of medullary 
sinus. The significant thickening of small blood vessels may 
lead to increased iodine uptake and high perfusion. 
Metastatic lymph nodes and lymphomas manifest as imper-
fect development of lymph node basement membrane, loose 
connection of endothelial cells and heterogeneous distribu-
tion of angiogenesis in lymph nodes, resulting in lower 
iodine content than inflammatory enlarged lymph nodes and 
low perfusion [2].

31.2  Cervical Lymph Node Tuberculosis

31.2.1  Overview

Cervical lymph node tuberculosis is mostly found in children 
and young people. It usually occurs when the body’s resis-
tance is low. Mycobacterium tuberculosis mostly invades 
through tonsils and dental caries, and a few of them are sec-
ondary to pulmonary or bronchial tuberculosis. Cervical 
lymph node tuberculosis can occur unilaterally or bilaterally, 
with multiple enlarged lymph nodes varied in size. In the 
early stage, enlarged lymph nodes are hard and painless and 
can be pushed. With the development of pathological changes 
due to inflammation around lymph nodes, lymph nodes 

a b

Fig. 31.1 Pyogenic lymphadenitis in left neck. (a) Transverse non- 
enhanced CT scan indicates multiple enlarged lymph nodes in the right 
neck, which are merged with each other, showing unclear margins; (b) 

Transverse CT enhanced scan shows multiple ring enhancement and 
homogeneous thick wall
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adhere to skin and peripheral tissues, and  various lymph 
nodes can also adhere to each other and fuse into mass. In the 
advanced stage, caseous necrosis and liquefaction occurred in 
lymph nodes, resulting in psychrapostema. After ulceration, 
bean dregs-like or rice soup-like pus can flow out, eventually 
forming prolonged sinus or chronic ulcer.

Cervical lymph node tuberculosis is a painless mass with 
slow growth, smooth surface, hard texture and no adhesion 
movement. It may have systemic symptoms such as after-
noon low-grade fever and night sweat, and the erythrocyte 
sedimentation rate increases rapidly in laboratory test.

31.2.2  Pathology Findings

There are different pathological manifestations in different 
stages of lymph node tuberculosis, which can be divided into 
five stages, including inflammatory and hyperplastic stage 
(mainly mature small lymphocyte proliferation, complicated 
with primordial lymphocyte proliferation, no necrosis focus); 
Nodal stage of lymph nodes (mainly proliferation of lymph 
node cells and histiocytes, with lymph node nodes visible); 
Tuberculosis nodule stage (proliferation of epithelioid cells 
is dominant, and typical Langerhans giant cells are found in 
tuberculosis nodules); caseous necrosis stage (plenty of acid- 
fast mycobacteria); Cellulose proliferation period (mainly 
fibrillar connective tissue proliferation, complicated with a 
few fibers, fibrous cells and histiocytes).

31.2.3  Imaging Findings

Lymph node tuberculosis is hyperplastic granulation tissue, 
which shows homogeneous enhancement and no adhesion 
around it; In caseous necrosis of lymph nodes, the lymph 
nodes are ring enhancement, with smooth medial and lateral 
walls, and patchy areas without enhancement are found in 
them. The lesions invade the peripheral tissues and can form 
cold abscess and sinus tract (Fig. 31.2). When the lesion pen-
etrates the lymph node capsule, the lymph nodes fuse and 
adhere to each other. On non-enhanced scan, low-density 
foci are found in the center of the lymph node, and it is usu-
ally ring enhancement when enhanced and typical petal- 
shaped enhancement when fused. Punctate calcification is 
found in some lesions, and calcification in the lesions has 
suggestive significance for tuberculosis (Fig.  31.3). MRI 
shows that enlarged lymph nodes show isointense on T1WI 
and isointense on T2WI, DWI shows no diffusion limitation, 
and enhanced examination shows homogeneous or ring 
enhancement. Lesion show no significant fusion tendency.

31.2.4  Key Points of Diagnosis

 1. Lymph node tuberculosis is common in young people. 
Imaging examination shows multiple lymph node 
enlargements in the neck. CT shows iso-density shadows. 
MRI T1WI and T2WI show isointense, showing homoge-
neous or ring enhancement. Calcification is found in 
some lesions.

 2. There are systemic symptoms such as afternoon low- 
grade fever and night sweat, and the erythrocyte sedimen-
tation rate by laboratory test increases rapidly.

31.2.5  Differential Diagnosis

1. Lymphoma It manifests as multiple painless lymphade-
nopathy, which can involve multiple systems and organs. It 
often manifests as swelling of multiple unilateral or bilateral 
lymph nodes, homogeneous density, mild to moderate 
enhancement, and the lesions can fuse into mass. MRI 
examination shows that DWI image diffusion limitation is 
obvious, and ADC value is lower, often less than 
0.996 × 10−3 mm2/s [3].

2. Metastatic Tumor Attention should be paid on the 
detailed examination of the history of primary tumors, and 
the location of lymphatic metastasis is related to its drainage 
area. The primary tumors have different histopathology and 
different imaging findings. The enlarged lymph nodes often 
have irregular shape, heterogeneous density or signal, cystic 
degeneration and necrosis, heterogeneous enhancement by 
enhanced scan, heterogeneous thickness of the cystic wall 
and unclear margin.

31.2.6  Status Quo and Progress of Research

From the pathological point of view, both benign and malig-
nant lymph nodes can have increased cell density, changed 
ratio of nucleus and cytoplasm, and different blood perfu-
sion. Morphologically, it can manifest as enlarged lymph 
nodes, constriction and disappearance of lymph node portal 
structure, heterogeneity of lymph nodes and abnormality 
around lymph nodes. Therefore, there is a certain overlap 
between benign and malignant lymph node lesions observed 
from imaging, so in order to clearly diagnose the nature of 
lymph node lesions, DWI, perfusion imaging, elasticity 
imaging, dual-energy imaging, radiomics, and other 
advanced technologies have been extended to the application 
of lymph node diseases.
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1. DWI Examination It is based on the pathological differ-
ences between inflammatory and malignant enlarged lymph 
nodes. Through DWI technology, the change of freedom of 
movement of water molecules diffusion in the extracellular 
space between them is studied. It is concluded that the diffu-
sion of water molecules in malignant enlarged lymph nodes 
is significantly limited, while the diffusion of water mole-
cules in inflammatory enlarged lymph nodes is relatively 
unrestricted. The diagnostic threshold of ADC is about 
0.996 × 10−3 mm2/s [3].

2. Energy Spectrum CT According to the different charac-
teristics of energy density of different substances, it can realize 
the separation of substance components and can quantitatively 
evaluate the iodine concentration of lymph nodes under differ-
ent pathological conditions, thus reflecting the distribution of 
lymph node blood perfusion. Inflammatory lymphadenopathy 
contains plenty of secondary lymph nodules, enlarged lymph 
follicles, increased number, abundant lymphocytes, thickened 
medullary cord, increased endothelial cells of medullary sinus 
and dilated small blood vessels, which may lead to increased 

a b

c d

Fig. 31.2 Lymph node tuberculosis in right neck II region. A 25-year- 
old female patient. Mild fever for 1  month, with touchable enlarged 
lymph nodes in right neck. (a–d) Enhanced CT shows petal-shaped 

enhancement of lymph nodes in II region of the right neck, in which 
patchy area without enhancement (indicated by arrow) could be found
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iodine uptake, which is significantly higher than that of meta-
static lymph nodes and lymphoma [4].

3. Elasticity Imaging Pathologically, there are differences 
in elastic coefficients between lymph node enlargement 
caused by different diseases and surrounding normal tissues. 
Elastic ultrasound has high sensitivity and specificity in dif-
ferentiating benign and malignant lymph nodes [5].

4. CT Perfusion Imaging It leads to high perfusion in 
hemodynamics, short mean transient time (MTT), high per-
meability surface (PS), which is contrary to inflammatory 
enlarged lymph nodes, due to disorganized and immature 
new blood vessels in malignant lymph node lesions, 
 incomplete vascular basement membrane, rapid blood flow 
velocity in new blood vessels, increased intravascular pres-
sure and shortened blood circulation time [4].

a b

c d e

Fig. 31.3 Lymph node tuberculosis in II and III regions of left neck. A 
40-year-old male patient. Mild fever, night sweat for 2 months, swelling 
of left neck. (a) Non-enhanced CT scan indicates that lymph node 
shadow are found in II region of left neck, with heterogeneous density, 
clear margin and slightly high-density shadows (indicated by arrow) 
inside; (b) CT enhanced examination shows ring enhancement of the 

wall of the lesion (indicated by arrow); (c–e) Coronal MRI T1WI, T2WI, 
and T2WI fat-suppressed sequence indicates shadows of multiple 
enlarged lymph nodes in left II and III regions, and the lesions show 
isointense on T1WI and hypointense on T2W.  Lesions show slightly 
hyperintense on T2WI fat suppression
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5. Research on Radiomics Radiomics is to extract a large 
amount of image information from images with high 
throughput on the basis of conventional imaging, realize 
tumor segmentation, feature extraction and model building, 
and find out the connotation characteristics of diseases 
through deep data mining, thus reflecting the changes of 
human tissues, cells, and genes. By analyzing the features 
extracted from imaging histology, the benign and malignant 
lymph nodes can be judged.

31.3  Reactive Hyperplasia of Cervical 
Lymph Node

31.3.1  Overview

The reactive proliferation of cervical lymph nodes, also 
known as reactive adenopathy (RPS), is a common benign 
hyperplastic disease of lymph nodes or soft tissues, which is 
caused by various factors, such as inflammation, viral infec-
tion, vaccination, some drug reactions, immune diseases and 
so on, which may lead to lymph node enlargement and 
lymphadenosis in the pharynx and other parts of the body. 
Viral infection is the most common cause, which usually 
leads to slight enlargement of bilateral lymph nodes without 
peripheral inflammation. Cytomegaloviral infection, herpes 
simplex viral infection, chickenpox and rubella are common 
viral causes, but they usually need to be combined with clini-
cal or laboratory test to make a definite diagnosis. It is prone 
to teenagers, and the common sources of infection are lim-
ited head and neck infections such as pharyngitis and sys-
temic viral infection.

31.3.2  Pathology Findings

The pathological lymph nodes vary in size, generally rang-
ing from 1 cm to 3 cm in diameter, sometimes up to 10 cm in 
diameter. Microscopically, reactive proliferation of lymph 
nodes often has different histological structures due to differ-
ent pathogenic reasons. Histological manifestations were 
lymphoid follicular proliferation, paracortical proliferation, 
sinus histiocytosis and mixed proliferation.

31.3.3  Imaging Findings

1. CT Manifestations CT can clearly show the location, 
scope and number of enlarged lymph nodes, and also 
show the relationship between lymph nodes and periph-
eral tissues, so as to guide clinical biopsy. The character-

istic manifestation is the enlargement of lymph nodes in 
the parapharyngeal or retropharyngeal space, the short 
diameter of node is often ≤1.5 cm, and isolated enlarged 
lymph nodes are the most common. The density of non-
enhanced scan is homogeneous, equal to or slightly lower 
than that of adjacent muscles, and it has marked enhance-
ment by enhanced scan, and the enhancement is homoge-
neous [6, 7].

2. MRI Findings Homogeneous hypointense or isointense 
on T1WI; homogeneous isointense on T2WI; diffusion limi-
tation and hyperintense on DWI. T1WI enhanced scan shows 
various enhancement forms, most of which are marked 
enhancement (Figs. 31.4 and 31.5).

31.3.4  Key Points of Diagnosis

 1. Young patients with pharyngitis or systemic virus 
infection.

 2. CT shows homogeneous shadows of enlarged retropha-
ryngeal space nodules, with or without other related reac-
tive nodules in the neck.

 3. MRI shows round nodules with clear margin, homoge-
neous signal and marked enhancement.

31.3.5  Differential Diagnosis

1. Lymph Node Tuberculosis It is mostly found in young 
adults, and the enlarged lymph nodes have heterogeneous 
density and ring enhancement. When multiple lymph nodes 
are fused, a garland-like enhancement can be found.

2. Lymphatic Metastasis These patients mostly have his-
tory of primary tumors. The density of enlarged lymph nodes 
is heterogeneous, with cystic degeneration and calcification. 
The enhancement is found by enhanced scan.

3. Malignant Lymphoma often involves mediastinal 
lymph nodes, and enlarged lymph nodes are easy to integrate 
into a mass, which often manifests as mild or moderate 
enhancement.

31.3.6  Status Quo and Progress of Research

Cervical lymph nodes are regional lymph nodes for tumor 
metastasis and inflammation drainage in head and neck, and 
they are also important barriers for preventing inflammation 
invasion and preventing tumor cells from spreading. 
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Therefore, the differentiation between benign and malignant 
cervical lymph nodes is important for the selection of treat-
ment method.

CT perfusion imaging is a non-invasive functional imag-
ing method to evaluate the perfusion state of tissue blood 
flow, which can quantitatively analyze different pathological 
lymph node lesions in the neck, and has certain clinical value 
in differentiating cervical lymphatic metastasis and inflam-
matory reactive proliferation of lymph nodes.

Dual-energy spectrum analysis can provide some valu-
able information for differentiating benign and malignant 
lymph node lesions. CT value measurement corresponding 
to different single energy diagrams has certain potential 

value for differentiating lymph node lesions of different 
pathological types.

Many studies on interstitial magnetic resonance lym-
phography have been carried out in recent years. By using 
magnetic resonance contrast agents combined with macro-
molecules, which has a large molecular weight and molecu-
lar volume, the technique can make target lymph node 
maintain at a higher enhanced level within an extended 
period, thus effectively developing the morphology of lymph 
vessels and lymph nodes in drainage area for reactive hyper-
plasia of lymph node and lymph node tumor metastasis. In 
this sense, it is of value for differentiating cervical lymph 
node metastasis and reactive hyperplasia [8, 9].

a b c

d e f

Fig. 31.4 Reactive adenopathy of left pharynx. A 47-year-old male 
patient. The pharyngeal mass of 6 months is found by physical exami-
nation. (a) Axial T1WI non-enhanced scan indicates isointense nodules 
in the left pharynx; (b) Axial T2WI shows hyperintense of nodules. (c) 
Diffusion limitation and hyperintense of nodule on DWI; (d) Axial 

T1WI enhanced scan shows nodule with marked enhancement and con-
tinuous with the lymphatic tissue posterior to the tongue root. (e) 
Coronal T1WI non-enhanced scan indicates that the left pharyngeal 
nodule protrudes to the pharyngeal cavity; (f) Enhanced T1WI on coro-
nal plane shows marked enhancement of nodules
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31.4  Cat Scratch Disease

31.4.1  Overview

With the increase of pet owners, the incidence of cat scratch 
disease (CSD) rises accordingly. Cat scratch disease, also 
known as cat scratch fever, is a zoonotic disease caused by 
Rickettsia, which is a self-limiting infectious disease caused 
by infection of Bartonella henselae pathogen. The disease 
can manifest as abnormal changes in lymph nodes and/or 
skin of head and face when the immunity of human body is 
normal, but severe systemic diseases can occur when the 
immunity decreases. Bartonella is distributed all over the 
body. Animal hosts include cats, dogs and rodents, and vec-
tor insects include sandflies, mites, fleas and lice. Humans 
may be infected by close contact with cats, dogs and other 
animals carrying Bartonella or being bitten by fleas and lice. 
Fleas are the vectors of pathogen transmission between cats, 
and killing fleas plays an important role in preventing cats 
from infecting with Bartonella. More than 90% of CSD 
patients have a history of cat contact, and 75% of them have 
been caught or bitten by cats, especially kittens.

Because it lacks specificity of clinical symptoms and 
signs and is mainly characterized by local lymph node 

enlargement and pain, the disease occurs sporadically. Cat 
scratch disease is easily misdiagnosed as lymphoma, meta-
static tumor or other inflammatory diseases.

31.4.2  Pathology Findings

Pathological manifestations mainly include lymph node 
necrosis and asteroid abscess formation, with neutrophil 
infiltration and granuloma. The discovery of black pathogens 
in perivascular, interstitial and macrophage cytoplasm by 
Warthin-Starry argentation is helpful to the diagnosis of cat 
scratch disease.

31.4.3  Imaging Findings

1. X-Ray Examination It shows abnormal soft tissue mass 
inferior to the lesion, often complicated with soft tissue 
edema in some areas.

2. CT Examination It can involve parotid gland, mani-
fested as parotid gland enlargement, and can also involve 
multiple cervical lymph nodes. The enlarged lymph nodes 

a b

Fig. 31.5 Inflammatory and hyperplastic at the nasopharyngeal roof 
and acute inflammation of left parotid gland. An 11-year-old male 
patient. The left face is swollen and painful for 1 week. (a) Axial T1WI 
non-enhanced scan indicates isointense nodules at the nasopharyngeal 

roof; (b) Axial T2WI shows hyperintense of nodules. Enlarged lymph 
nodes (indicated by arrow) were found in bilateral retropharyngeal 
spaces. Diffuse enlargement of left parotid gland
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can be lumpy, lobulated, with unclear margin and subcutane-
ous soft tissue edema around the mass. Enhanced scan shows 
that the margin of the mass can be enhanced, and low-density 
shadows are found in the center of the mass, indicating that 
the lesion has abscess formation.

3. MRI Examination Abnormal subcutaneous mass with 
signal intensity similar to muscle, with significant subcuta-
neous edema in soft tissue around the mass, homogeneous or 
heterogeneous isointense or slightly hyperintense on T1WI, 
and hyperintense on T2WI for mass and peripheral area with 
edema. The enhanced scan indicates the lesion with ring 
enhancement, and the central non-enhanced area is abscess 
liquefactive necrosis area.

31.4.4  Key Points of Diagnosis

 1. Patient has a contact history of cats, dogs and other ani-
mals or a history of being scratched and bitten with skin 
damage.

 2. Aseptic pus can be extracted by aspiration of enlarged 
lymph nodes, and other diseases have been excluded.

 3. CT and MRI examination shows that there were soft tis-
sue masses in the output lymphatic vessels with edema of 
peripheral soft tissues.

 4. Lymph node biopsy is consistent with pathological 
changes of cat scratch disease.

31.4.5  Differential Diagnosis

1. Lymph Node Tuberculosis The CT manifestations are 
mainly related to pathological stages. When lymph node 
tuberculosis is mainly proliferation or granulation tissue, the 
density of lymph nodes is homogeneous; If caseous necrosis 
occurs or the capsule is involved, the enhanced scan shows 
ring enhancement, lymph node tuberculosis can fuse and 
adhere to each other, and the space around the lesion is 
blurred.

2. Metastatic Lymph Nodes They mainly manifest as 
enlarged lymph nodes, which are quasi-circular, with a maxi-
mum transverse diameter of more than 1 cm. Necrotic areas 
can be found in the center of the lesions, and the enhanced 
scan shows ring enhancement. If the lesions break through 
the capsule, the edges of lymph nodes are blurred and adhere 
to the peripheral tissues.

3. Lymphoma The disease can be primary and limited, or it 
can be a part of systemic lymphoma. Lymphoma is widely 
distributed, mainly manifest as multiple occurrences, clear 
margin of lesions, less mutual fusion, homogeneous enhance-
ment by enhanced scan, and no necrotic area in general 
lymph nodes.

31.4.6  Status Quo and Progress of Research

Recently, it is reported that [10] a 29-year-old female patient 
with Hodgkin’s lymphoma showed complete metabolic 
response in mid-term FDG PET/CT.  Fever and lymphade-
nopathy occurred after three cycles of chemotherapy. PET/
CT showed several FDG concentrations in inguinal and iliac 
lymph nodes. Cat scratch disease was diagnosed after patho-
logical analysis, biopsy and serological examination. 
Therefore, PET/CT examination is necessary for patients 
with cat scratch disease, and lymphoma and other diseases 
should be excluded.
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32.1  Branchial Cleft Cyst with Infection

32.1.1  Overview

Branchial cleft cyst (BCC) is a congenital disease, which is 
caused by the failure of normal fusion or atresia of the bran-
chial arch and branchial cleft during embryonic develop-
ment. In the third week of embryo development, there are 
five pairs of lateral arches, and the depression between the 
branchial arches is called branchial cleft. When the branchial 
arch is not fully developed, it may have various deformities. 
Branchial cleft cyst will occur if branchial cleft ostiole heals 
and branchial cleft does not heal, and branchial fistula will 
form if branchial cleft ostiole and branchial cleft do not 
disappear.

The abnormal development of branchial apparatus struc-
ture includes three forms: branchial fistula, branchial sinus, 
and branchial cleft cyst, among which the opening at both 
ends of the pharynx and lateral neck is called branchial fis-
tula; the opening only at one end of the pharynx or lateral 
neck skin is called branchial sinus; in case no opening at both 
ends, the epithelial cavity remaining in the tissue with secre-

tion retention will form branchial cleft cyst. Because the for-
mation of branchial cleft cyst takes a relatively long time and 
process, it is often found in young and middle-aged people, 
while branchial fistula and branchial sinus are mostly found 
in infancy. The main symptom of branchial cleft cyst is pain-
less masses in the neck or parotid gland region, which are 
variable in size and can grow slowly. When the mass sud-
denly increases with redness and pain, the infection should 
be considered.

The branchial cleft cysts are divided into the first, sec-
ond, third, and fourth branchial cleft cysts according to their 
sources and locations. The second branchial cleft cyst is 
mostly found in clinical practice, followed by the first bran-
chial cleft cyst, and the third and fourth branchial cleft cysts 
are rare. The first branchial cleft cyst originates from the 
superficial pharyngeal bursa of the first branchial groove, 
manifesting as cystic mass posterior to the auricle or around 
the parotid gland, with a clear margin, accounting for 5–7% 
of all branchial cleft cysts [1]. The second branchial cleft 
cyst is formed by the abnormal evolution of the second 
branchial groove and pharyngeal bursa, which can be 
divided into four types according to their anatomical posi-
tions: type I is located in the anterior border of sternocleido-
mastoid and deep surface of platysma; type II is the most 
common, located on the superficial surface of sternocleido-
mastoid, lateral carotid space and posterior to submandibu-
lar gland; type III is located between carotid bifurcation, 
external carotid artery and lateral pharyngeal wall; and type 
IV is located in the pharyngeal mucosa space. The third and 
fourth branchial cleft cysts are mostly located in the inferior 
neck, and the cyst wall can contain residual thyroid gland 
and thymus tissues. When it is found that the external fistula 
orifice is located on the anterior inferior border of sterno-
cleidomastoid and the internal fistula orifice is located in 
piriform recess or upper esophagus, it indicates congenital 
dysplasia or fistula formation. Because of its course adja-
cent to thyroid gland, it is the most common infection route 
leading to acute thyroiditis.
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32.1.2  Pathology Findings

The first branchial cleft cyst shows cystic mass posterior to 
auricle or around parotid gland with clear margin. The sec-
ond branchial cleft cyst shows a cyst on lateral carotid 
sheath and branchial cleft with clear margin. Microscopically, 
it is mainly composed of vascular sinuses varied in sizes and 
shapes, which are lined with thin and flat endothelial cells, 
and the stroma is fibrous tissue, often with hyaline degen-
eration. In some cases, the above epitheliums exist simulta-
neously, and squamous epithelium may be complicated with 
keratinization. Except for the first branchial cleft cyst, all 
the cysts are rich in diffuse lymphoid tissues, even compli-
cated with the formation of lymphoid follicles and germinal 
centers.

32.1.3  Imaging Findings

1. CT Examination It shows that branchial cleft cyst 
occurs in special locations, mostly manifesting as quasi-
circular or oval cystic masses on the course along the ster-
nocleidomastoid, especially the second branchial cleft 

cyst on the superficial surface of sternocleidomastoid and 
the lateral area of carotid space. The density in the cyst is 
generally homogeneous. However, due to the different 
contents in the cystic cavity (mucus, cholesterol crystals, 
cell debris, lymphocytes and epithelioid cells), the CT 
value is different, and the cyst wall is generally thin or 
even cannot be shown, so no enhancement is found in the 
cyst by enhanced scan, and the cyst wall may have mild 
enhancement (Fig. 32.1). Branchial cleft cyst with infec-
tion manifests as increased density of cyst contents, thick-
ened cyst wall marked enhancement (Fig.  32.2), and 
blurred fat space around the cyst; The liquid plane is 
found when the infection causes intracapsular hemor-
rhage. The first branchial cleft cyst usually appears in the 
scope from the external auditory canal to the hyoid bone 
plane, which can manifest as a solid cystic mass, and the 
surrounding margin is unclear when infection occurs 
(Fig. 32.3). Third, branchial cleft cyst is rare, fistula usu-
ally communicates with piriform recess, which can be 
combined with piriform recess to be constricted or even 
disappeared. Gas density shadows are found in the low-
density focus adjacent to thyroid gland or on medial ster-
nocleidomastoid, and the margin with peripheral tissues is 

a b c

d e f

Fig. 32.1 Second branchial cleft cyst. (a) Non-enhanced CT scan indi-
cates the right sternocleidomastoid and the strip cystic solid tumor ante-
rior to the carotid sheath, with low-density shadows in the capsule 

(solid arrow); (b–f) CT enhanced scan indicates that the cystic wall of 
the lesion is partially enhanced (solid arrow and punctate arrow)
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unclear. Ring enhancement is found by enhanced scan, 
without enhancement in the middle low-density foci 
(Figs.  32.4 and 32.5). When complicated with thyroid 
gland inflammation, it may show heterogeneous density, 
and by enhanced scan, there is a region of decreased 
enhancement (Fig. 32.6).

2. MRI Examination It has high resolution in soft tissue 
examination, has the ability of imaging in any plane, and can 
clearly show the location, scope, size, and margin of bran-
chial cleft cyst. When the cyst is complicated with infection, 
it is more accurate to show the inflammatory lesions around 
the cyst wall. Simple branchial cleft cyst usually shows 

a b

Fig. 32.2 Second branchial cleft cyst with infection. (a) Non-enhanced 
CT scan indicates a cystic mass on the medial left sternocleidomastoid, 
with thick cystic wall, blurred peripheral shadows, and homogeneous 

density (indicated by arrow); (b) CT enhanced scan shows partial 
enhancement of the cystic wall of the lesion; The left extracranial inter-
nal carotid artery moved to medial area (indicated by arrow)

a b

Fig. 32.3 First branchial cleft cyst with infection. (a, b) Non-enhanced CT scan indicates cystic and solid nodules posterior to the right external 
auditory canal with slightly low-density shadows (indicated by arrow)
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hypointense on T1WI and hyperintense on T2WI changes, 
and the thickness of cyst wall is homogeneous. With the dif-
ferent components in the cystic cavity, the signal perfor-
mance is different; When secondary infection occurs, the 
capsule wall is thickened with marked enhancement, with 
edema and inflammatory exudation around it (Fig. 32.7).

32.1.4  Key Points of Diagnosis

 1. In the young and middle-aged period, soft mass of neck 
appears, which increases after upper respiratory tract 
infection. Fever with local pain can contract after antibi-
otic treatment.

a b c

Fig. 32.4 Third branchial cleft cyst with infection and fistula forma-
tion. (a) Non-enhanced CT scan indicates swelling of the left parapha-
ryngeal space (indicated by arrow); (b) Non-enhanced CT scan 
indicates cystic lesions in the left lobe of thyroid gland and beside isth-

mus, with high-density and blurred margin (indicated by arrow); (c) 
Coronal CT reformation shows the whole course of fistula, the internal 
fistula orifice is located in piriform recess, and the inferior border of 
cyst is located in the supraclavicular area of the lower neck

d e f

a b c

Fig. 32.5 Fourth branchial cleft cyst with infection. (a–c) Non- 
enhanced CT scan indicates lateral cystic mass of the medial thyroid 
cartilage plate of the left thoracic mastoid process muscle, with irregular 
shape and blurred border. Gas density shadows and low-density shadows 

are found in it, with partial enhancement by enhanced scan, but the low-
density shadows in it are not enhanced (indicated by arrow) (d) Branchial 
fistula resection is performed, and the pathology is branchial fistula 
infection; (e, f) Reoccurred after 1 year (indicated by arrow)
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 2. Specific predilection site, the cystic mass is located in 
parotid gland with course along sternocleidomastoid, and 
extracranial internal carotid artery moves to the medial area.

 3. Non-infectious lesions are thin-walled smooth cysts, but 
after secondary infection, the cystic wall is irregularly 
thickened and marked enhancement, and the peripheral 
fat space is blurred.

32.1.5  Differential Diagnosis

1. Thyroglossal Duct Cyst It is common in the midline of 
neck at hyoid bone level, and it is found in clinical examina-
tion that the lesion moves up and down with swallowing and 
tongue extension.

2. Cervical Lymphangioma It usually occurs in chil-
dren under 2 years old. Because of the cystic mass formed 

by lymphatic dilatation, the disease is usually located in 
the posterior triangle of the neck. The mass is large, 
irregular in shape, with multiple septa, which manifests 
as creeping development toward the surrounding struc-
tural space.

3. Cervical Lymph Node Tuberculosis It generally has 
a history of tuberculosis and is frequent, and the enlarged 
lymph nodes grow slowly, and tuberculin test can be 
positive. When psychrapostema is formed, caseous 
necrotic pus can be extracted by aspiration, and the 
experimental treatment with antituberculosis drugs is 
effective.

4. Schwannoma It is mostly located in carotid sheath, and 
the larger ones may be complicated with cystic degeneration, 
but there are still solid components, which are marked 
enhancement after injection of contrast agent.

a b c

Fig. 32.6 Fourth branchial cleft cyst with pneumatosis. (a, b) Non- 
enhanced CT scan indicates cystic mass anterior to thyroid gland in the 
medial side of left thoracic mastoid process muscle with irregular shape 

and heterogeneous thyroid gland density (solid arrow and punctate 
arrow); (c) Incision and drainage of anterior cervical abscess (indicated 
by arrow) is performed, and the bacteria cultured are Streptococcus A

a b c

Fig. 32.7 Third branchial cleft cyst with infection. (a) Non-
enhanced MRI scan shows left second branchial cleft cyst with isoin-
tense on T1WI sequence, irregular shape, hyperintense of the cyst 
wall with unclear margin (indicated by arrow); (b) Non-enhanced 
MRI scan shows hyperintense on T2WI fat-suppressed sequence for 

capsule wall and capsule contents (indicated by arrow). (c) Non-
enhanced MRI scan and T1WI enhanced scan indicate the capsule 
wall thickened with marked enhancement, with surrounding edema 
and inflammatory exudation, and the capsule contents are not 
enhanced (indicated by arrow)
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32.1.6  Status Quo and Progress of Research

Ultrasonography is a routine and convenient examination 
method with relatively high accuracy. The echographic fea-
tures also reflect the characteristics of fibrous capsule wall 
coating epithelium to a certain extent, and the echographic 
features are related to its intracapsular components. When 
the cyst is lined with pseudo-stratified ciliated columnar epi-
thelium and the contents are transparent mucus or serous 
fluid, the sonogram usually shows clear fluid sonolucent 
area, and occasionally fine septa light band; When squamous 
epithelium is lined, keratinized and infected exfoliated epi-
thelium increases, and its contents are opaque turbid liquid 
or emulsion. At this time, the sonogram mostly shows unclear 
fluid sonolucent area, complicated with dim and thick spots 
with different numbers [2]. When chronic infection occurs 
for a long time, and the cystic fluid is concentrated and thick-
ened, relying solely on ultrasonography may lead to higher 
misdiagnosis and missed diagnosis rate.

The accuracy of CT and MRI examination is higher than 
that of conventional ultrasonography. Especially, magnetic 
resonance parotid gland duct imaging and other technologies 
have become a research hotspot in the imaging diagnosis of 
head and neck in recent years. The application of new tech-
nologies can help us to obtain information on the hemody-
namic state of tissues and organs and lesions and the internal 
fine structure of lesions. CT and MRI examinations mainly 
confirm whether branchial cleft cyst is complicated with 
infection, the location and depth of infection, which provide 
information for clinical operation. In particular, magnetic 
resonance duct imaging technology can accurately show the 
structure of branchial cleft cyst and fistula, and make clear 
the course and opening position of fistula, so as to help sur-
geons make a reasonable operative plan [3].

32.2  Postoperative and Post-Radiotherapy 
Cervical Infections

32.2.1  Overview

Postoperative infection refers to the infection occurring at or 
near the surgical incision within 1  month after operation. 
According to different infection sites, it can be divided into 
deep incision infection, superficial incision infection, and 
organ cavity infection. Due to the surgical treatment, 
repeated radiotherapy, chemotherapy, and immunotherapy, 
the physique and immunity of tumor patients are decreased, 
and various nosocomial infections are prone to occur. 
Infection after operation and radiotherapy may also be asso-
ciated with factors such as nonstandard aseptic operation, 
long-term placement of intravenous indwelling needle, 
repeated aspiration causing damage to the medial wall of 

blood vessel and subcutaneous tissue of patients, and poor 
permeability of the exposed duct and dressing at the place 
where the duct is placed, which weakens the sterile protec-
tive barrier of the body and creates conditions for bacteria to 
invade the body [4].

Diagnostic criteria for postoperative infection in different 
sites are as follows:

 1. Superficial surgical incision infection: it only involves 
skin and subcutaneous, and superficial incision has red, 
swelling, hot, painful, or purulent secretion, and bacterial 
culture is positive.

 2. Deep surgical incision infection: pus is extracted or 
drained from the deep incision. Abscess or other evidence 
of infection involving the deep incision is found, and bac-
terial culture is positive.

 3. Organ and lacuna infection: It can be diagnosed accord-
ing to one of the following: (1) Pathology or imaging 
examination found evidence of organ/lacuna infection; 
(2) Pus obtained by drainage or aspiration; (3) Pathogenic 
bacterioscopy result is positive [5].

32.2.2  Pathology Findings

In early stage of infection, neutrophil infiltration, edema, 
hemorrhage, necrosis of striated muscle and abscess forma-
tion occurs in the lesions. With the development of the dis-
ease, neutrophil infiltration and tissue necrosis become more 
severe, and then neutrophils disintegrate, cell fragments 
increase, fibroblasts proliferate, abscesses are wrapped to 
form abscess walls. In chronic stage, the abscess wall is 
repaired by fibrous tissue and granulation tissue.

32.2.3  Imaging Findings

In the operation area or radiotherapy area, soft tissue swelling, 
intermuscular space effusion and muscle edema, subcutane-
ous fat space changes in a grid shape, soft tissue swells in CT 
with low density, MRI with hypointense on T1WI and hyper-
intense on T2WI, interstitial effusion with water-like density or 
signal, abscess formation in focus area, DWI of vomica con-
tent with hyperintense, enhanced scan with ring enhancement, 
smooth wall and homogeneous wall thickness (Fig. 32.8).

32.2.4  Key Points of Diagnosis

 1. Within 1 month after surgery and radiotherapy, pus secre-
tion appears in the operation area, or pathogens are culti-
vated in the secretion, or symptoms and signs of redness, 
swelling, fever, and pain appear.
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 2. After operation and radiotherapy, the soft tissues swell 
extensively, the intermuscular space has effusion, the fat 
layer is blurred, the CT shows low density, MRI shows 
hypointense on T1WI and hyperintense on T2WI, and the 
abscess formation shows ring enhancement with homo-
geneous wall and thickness and air-fluid level by enhanced 
scan.

32.2.5  Differential Diagnosis

Soft tissue edema mainly manifests as subcutaneous and 
intermuscular space soft tissue swelling, without necrosis 
and hemorrhage, enhancement without enhancement, and 
clinical symptoms without redness, swelling, fever, and pain.

32.2.6  Status Quo and Progress of Research

With the progress and perfection of surgical aseptic tech-
nique, the overall incidence of postoperative infection is 
gradually reduced under control, but it cannot be completely 
avoided. The main reasons for the significant increase of 
mortality and disability rate of patients include the difficulty 
in obtaining etiological evidence after surgery and radiother-
apy in early stage, dependence on empirical drugs, and 
increased permeability of blood–brain barrier. Once infec-
tion occurs, how to effectively control infection and reduce 
complications has always been highly valued. 

Ultrasonography, CT, and MRI can evaluate the infection 
after operation and radiotherapy, and MRI can sensitively 
show the focus scope. However, infection after operation and 
radiotherapy often overlaps with simple soft-tissue edema 
after operation and radiotherapy, which needs to be judged 
by combining clinical manifestations and related laboratory 
test results.

32.3  Cervical Necrotizing Fasciitis

32.3.1  Overview

Necrotizing fasciitis is a rare fulminant mixed infectious dis-
ease, which only damages subcutaneous tissue and superfi-
cial fascia, but does not cause necrosis of infected tissues and 
muscles [6]. The course of disease progresses rapidly and is 
in critical condition, often complicated with systemic toxic 
shock. According to the species of pathogens, the infection 
can be divided into four types: multi-microorganism syner-
gistic infection, single-strain infection, Gram-negative single 
strain infection, and Fungal Infection [7]. Its pathogens 
include Bacteroides, Clostridium, Streptococcus, Proteus, 
Pseudomonas, Klebsiella pneumoniae, and Staphylococcus 
aureus. Necrotizing fasciitis is a rare clinical critical illness 
with rapid progression and high mortality. Accurate diagno-
sis according to clinical manifestations, laboratory and imag-
ing examination, and timely treatment are the primary factors 
affecting the prognosis of patients.

a b

Fig. 32.8 Postoperative radiotherapy for laryngeal cancer. (a) Non-enhanced CT scan of right vocal cord tumor; (b) Swelling of vocal cords and 
peripheral soft tissues after radiotherapy
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32.3.2  Pathology Findings

Necrotizing fasciitis is a soft tissue infection characterized by 
edema, necrosis, and air generation in subcutaneous soft tis-
sue and fascia. Inflammatory cell infiltration in the focus area 
and fibrin-like thrombosis of subcutaneous arterioles and 
venules are pathological signs of necrotizing fasciitis [8].

32.3.3  Imaging Findings

1. Ultrasonography It is an important tool to evaluate the 
location of soft tissue swelling, tenderness, and abscess in 
necrotizing fasciitis, which is often used for early diagnosis 
of necrotizing fasciitis. Ultrasonography often shows edema 
of skin, diffuse thickening of fascia, irregular shape, and effu-
sion and pneumatosis in the space between fascia surfaces.

2. X-Ray Examination It has a limited diagnostic effect on 
necrotizing fasciitis, only showing soft tissue thickening, 
swelling, and pneumatosis.

3. CT Examination It is used to locate infection and define 
the scope of lesion, and the imaging finding is diffuse edema 
of skin and subcutaneous tissue; Subcutaneous fat shows 
cord-like and reticular enhancement. Thickening and 
enhancement of fascia; Pneumatosis in soft tissue; Multiple 
effusion in different anatomical spaces; Asymmetric muscle 
enhancement. With the progression of the disease, the mus-
cles show thickening and destruction to different extents, and 
the contrast agent is rapidly extravasated. Image shows leak-
age of contrast agent entering the intermuscular space. 
Internal carotid artery and/or deep venous thrombosis; 
Reactive enlargement of lymph nodes (Fig. 32.9).

4. MRI Examination It has high soft-tissue contrast, which 
can show subtle signal changes of soft tissue including skin, 
subcutaneous fat, deep and superficial fascia and muscle, and 
can determine the location and scope of lesions, and determine 
the best biopsy location and detection effect. Imaging findings 
are subcutaneous tissue and deep and superficial fascia thick-
ened, showing hypointense on T1WI and hyperintense on 
T2WI. An enhanced scan can differentiate necrotic tissue from 
inflammatory tissue, and necrotic tissue is not enhanced, but 
inflammatory tissue has marked enhancement; extravasation 
of the contrast agent is an important sign to clarify the invasion 
of the lesion; the extent and degree of muscle enhancement are 
related to the severity of lesion involvement.

32.3.4  Key Points of Diagnosis

1. Clinical Manifestation Rapid onset, complicated with 
redness, swelling, fever, and pain, and the infection index in 
laboratory test is increased.

2. Imaging Examination It shows large edema of skin and 
subcutaneous tissue, thickening and enhancement of fascia, 
pneumatosis in soft tissue, intermuscular space effusion, and 
less muscle involvement than subcutaneous soft tissue.

3. Soft Tissue Biopsy It shows inflammatory cell infiltra-
tion in subcutaneous soft tissue and fibrin-like thrombosis in 
subcutaneous arterioles and venules.

32.3.5  Differential Diagnosis

1. Cellulitis It only involves subcutaneous tissue, but not 
fascia. Imaging findings include edema of subcutaneous tis-
sue, increased density of adipose tissue, and irregular 
enhancement of stripes, with or without subcutaneous and 
superficial fascia effusion, and normal deep structure.

2. Myositis and Nongangrenous Myonecrosis They 
manifest as muscle thickening, with or without heteroge-
neous enhancement by enhanced scan. Myonecrosis mani-
fests as low-density area or muscle rupture in muscle 
enhancement part.

3. Fasciitis-Panniculitis Syndrome It has chronic onset, 
with swelling and scleroma of skin and soft tissue fascia, and 
the forearm and leg are mostly involved [9].

4. Soft Tissue Edema It is often complicated with cardiac 
and renal insufficiency, with symmetrical distribution of 
edema and diffuse fat strip shadow.

32.3.6  Status Quo and Progress of Research

MRI has high soft-tissue resolution and can be used for 
multi-parameter and multi-sequence imaging, among 
which DWI sequence can sensitively differentiate soft tis-
sue edema and abscess. Due to the diffusion limitation of 
water molecules caused by necrotic debris and pus cells in 
pus, DWI shows significantly hyperintense, while the diffu-
sion of edema area is not limited, and DWI shows isoin-
tense. MRI examination can define the focus area, guide 
aspiration and monitoring treatment, and is of great value 
in improving the cure rate and survival rate of necrotizing 
fasciitis patients.

32.4  Thyroglossal Duct Cyst with Infection

32.4.1  Overview

Thyroglossal duct cyst, also known as lingual nail cyst, is a 
congenital cyst, which is related to the development of 
 thyroid gland and tongue. The thyroglossal duct starts from 
the thyroid gland primordia, and the primordial tissue begins 
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to descend at the fourth week of embryo and develops into 
the thyroglossal duct or thyroid gland capsule, which ends at 
the foramen cecum of tongue and develops into the thyroid 
gland at the inferior part. The thyroglossal duct should be 
closed after descending to the neck in the sixth week of preg-
nancy, and the tubular tissue between the thyroid gland and 
the foramen cecum of the tongue begins to atrophy and 
degenerate. If the thyroglossal duct does not disappear com-

pletely after 10 weeks, it will become residual tubular tissue 
with different lengths, and then it will develop into thyro-
glossal duct cyst.

Thyroglossal duct cyst is mostly found in children and 
adolescents under 15 years old, and one-third of the patients 
are born with the disease. Cysts are mostly located between 
the thyroid gland and hyoid bone in the anterior middle of 
the neck, and are most common up and down the hyoid bone, 

a b

c d

Fig. 32.9 Necrotizing fasciitis with retropharyngeal abscess. (a, b) 
Non-enhanced CT scan indicates diffuse edema of skin and subcutane-
ous tissue, thickening of fascia, pneumatosis in soft tissue, and reactive 
swelling of lymph nodes; (c, d) CT enhanced scan indicates that subcu-

taneous fat is enhanced in a cord-like and reticular pattern, and the 
lesions grow diffusely along the left posterior cervical space and retro-
pharyngeal space
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with a diameter of 2–3 cm. The cysts are soft and have clear 
margin, and have no adhesion with the surface skin and 
peripheral tissues. During examination, the cysts are rela-
tively fixed and cannot move upward and left and right, but 
the masses can move upward when swallowing or extending 
the tongue. If the cyst is located near the foramen cecum of 
the tongue, when it develops to a certain extent, it can raise 
the base of the tongue and cause swallowing and speech dys-
function. If secondary infection may be complicated with 
local epidermal redness and swelling, the lump will adhere 
to the skin; If the cyst is perforated, thyrohyoid fistula will be 
formed, and the fistula will not heal for a long time [10].

32.4.2  Pathology Findings

Most lesions of thyrohyoid cyst have a complete capsule, 
and the capsule wall is thin, which is surrounded by fibrous 
tissue. The medial wall of the capsule can be lined with pseu-
dostratified ciliated columnar epithelium, squamous epithe-
lium, stratified squamous epithelium, etc. There are abundant 
lymphoid tissues in the epithelium, thyroid gland tissues are 
found under the skin, and inflammatory cells can be found in 
the infected person. Most of the capsule contents are clear 
and thin liquid, and occasionally they may be mucus-like or 
jelly-like substances, which contain protein or cholesterol.

32.4.3  Imaging Findings

Thyroglossal duct cyst is the second most common benign 
lesion in the neck, which occurs in the specific area from the 

tongue root to the jugular vein notch in the anterior middle of 
the neck. Thyroglossal duct cyst is usually located in the mid-
line, and a few of them can be deviated unilaterally. It can be 
divided into the central type and eccentric type according to 
the position of cyst, and 95% of eccentric lesions are located 
on the left side. In the relationship with hyoid bone, most 
lesions are located below hyoid bone, and a few lesions are 
located on hyoid bone or grow across tongue. Regardless of 
the lesion site, thyroglossal duct cysts are mostly round or 
oval lesions, and a few are irregular [11, 12].

1. CT Examination It is of significant value in the diagno-
sis of thyroglossal duct cyst. CT can determine the location, 
shape, margin of mass, and its relationship with hyoid bone, 
and measure the CT value of capsule contents and capsule 
wall after non-enhanced scan and enhancement. CT findings 
of thyroglossal duct cyst vary depending on the size, loca-
tion, infection, and contents of the cyst. Its characteristic 
manifestations are: oval or round anterior to the neck, and a 
few are irregular cystic masses, with clear margin, thin cap-
sule wall, and clear margin with the surrounding. The cap-
sule is a homogeneous liquid, and its density can be changed 
according to the content of protein. If the capsule content 
contains less protein or cholesterol, the density is lower and 
the margin with the peripheral structure is clear. If the cap-
sule content contains more protein or is complicated with 
infection, the density will increase. When infected, the cap-
sule wall can be thickened, and an enhanced scan shows that 
the capsule wall is enhanced, but the capsule contents are not 
enhanced. When the mass is large, the adjacent organs may 
have signs of compression and deviation, and the bone struc-
ture is not absorbed or destroyed (Figs. 32.10 and 32.11).

a b c d

e f g h

Fig. 32.10 Thyroglossal duct cyst with infection. (a–h) CT enhanced 
examination shows irregular cystic low-density shadows below hyoid 
bone and to the left of anterior part of thyroid cartilage in arterial and 
venous phases, and the edge of enhanced lesion has mild enhancement, 

but the inner low-density area shows no enhancement, the margin is 
clear, the adjacent structure is compressed, and the thyroid cartilage 
bone is not involved
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2. MRI Examination It has good tissue resolution, can be 
multi-sequence and multi-directional, can reflect the shape, 
size, and location of lesions, and show the relationship between 
lesions and adjacent tissue structures. In addition, MRI can 
determine the pathological changes of the capsule wall and 
capsule contents of thyroglossal duct cyst according to the dif-
ferent signals in each sequence [12]. On MRI, thyroglossal 
duct cyst appears as a round or quasi-circular cystic mass with 
thin wall and clear margin with the peripheral area. The cyst is 
filled with homogeneous liquid, and the signal is related to the 
protein content of its contents. When the capsule is filled with 
clear, thin liquid and contains less protein substance, it usually 
shows hypointense on T1WI and hyperintense on T2WI, and its 
internal signal is often homogeneous with a clear margin. 
When there are more protein, mucus-like, or jelly-like sub-
stances in the capsule, it can show slightly hyperintense or 
hyperintense on T1WI and isointense, slightly hyperintense or 

heterogeneous signal on T2WI.  When the capsule wall is 
thickened and rough as it is complicated with infection, the 
substance in the capsule often shows isointense or slightly 
hyperintense on T1WI and slightly hyperintense or hyperin-
tense on T2WI. Enhanced scan often has no marked enhance-
ment, in case of infection, irregular enhancement of capsule 
wall are found; if fistula is formed and fluid in the cyst flows 
out, the cyst is irregular in shape. With a high content of pus in 
cyst, DWI manifests as hyperintense (Fig. 32.12).

32.4.4  Key Points of Diagnosis

 1. The characteristic features of CT and MRI: the fluid den-
sity/cystic signal lesions in the scope from the tongue root 
to the notch of jugular vein in the anterior middle of the 
neck, the cystic fluid showing different density/signal due 

a b c

d e f

Fig. 32.11 Thyroglossal duct cyst (1). (a–f) CT enhanced examination 
shows irregular cystic low-density shadows on the right side of hyoid 
bone in arterial and venous phases. The edge of the enhanced lesion 
seems to have mild enhancement, but the low-density area in it shows 

no enhancement, and the margin is clear. The lesion grows up and down 
across hyoid bone, and the adjacent hypopharynx structure is com-
pressed and constricted
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to different contents, the cystic wall can be enhanced 
when it is complicated with infection, and the pus in the 
cystic fluid shows hyperintense on DWI.

 2. It is found at any age, and prone to children under 
15 years old.

 3. Because it is connected with hyoid bone, the lump can 
move up and down with swallowing and tongue 
extension.

32.4.5  Differential Diagnosis

The typical location of thyroglossal duct cyst is an important 
basis for its diagnosis and differential diagnosis. Clinical 
diagnosis is not difficult, but it may be confused with other 
neck diseases and lead to misdiagnosis [13].

1. Anterior Cervical Ectopic Thyroid Gland It can occur 
anywhere from the foramen cecum of the tongue to the thy-

roid gland along sternal notch, and is mostly found in the 
root of the tongue. According to the existence of thyroid 
gland tissue in normal position of the neck, it can be divided 
into parathyroid gland and aberrant thyroid gland. If thy-
roid gland tissue is found in the normal position of the 
neck, the thyroid gland tissue in other parts is called para-
thyroid gland; If no thyroid gland tissue is in the normal 
position of the neck, it is called aberrant thyroid gland. 
Ectopic thyroid gland shows a soft tissue mass with slightly 
hard texture and high density, which can move with swal-
lowing. Enhanced scan shows marked enhancement, which 
is different from thyroglossal duct cyst. If ectopic thyroid 
gland is suspected, further radionuclide examination is 
needed to differentiate it.

2. Branchial Cleft Cyst It can be divided into four types 
according to its development, and the second branchial cleft 
cyst is the most common. The lesion mainly occurs at the junc-
tion of the superior one-third and the inferior two-third of the 

a b c

d e f

Fig. 32.12 Thyroglossal duct cyst (2). (a, b) T1WI shows multiple 
utricular hypointense shadows on the right side of the anterior inferior 
hyoid bone at the root of the tongue. (c, d) Lesion shows hyperintense 

on T2WI. (e, f) T2WI fat-suppressed sequence shows the lesion with 
significantly hyperintense and growing across the hyoid bone, and no 
significant compression is found in the adjacent larynx cavity structure
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sternocleidomastoid, which is mainly differentiated from the 
thyroglossal duct cysts concentrated unilaterally. The bran-
chial cleft cyst does not move with swallowing, and multiple 
lymphoid tissues are integrated in the cyst wall and periphery. 
The CT findings of the two cysts are similar. The MRI findings 
are liquid signal shadow between submandibular space and 
carotid space, with clear margin and homogeneous signal, and 
enhancement is found at the margin of enhanced scan, which 
can be basically identified according to its location.

3. Dermatoid or Epidermoid Cyst It can occur around 
hyoid bone, and it is mostly found in the floor of mouth and 
sublingual area. Because dermoid cyst is not connected with 
hyoid bone, it cannot move up and down during tongue 
extension and swallowing. As the lesion contains fat, fur or 
tooth-bone structure, the density or signal intensity on CT or 
MRI is variable; the contents of dermoid cyst contain lipids, 
CT value is often negative, and fat-suppressed sequence is 
hypointense, which is easy to diagnose; epidermoid cyst 
contains protein debris and other substances, and its density 
on CT is slightly higher than that of simple cyst. DWI 
sequence is sensitive to the diagnosis of epidermoid cyst, 
with hyperintense on DWI, and ADC indicates hypointense. 
When the cyst is located in the submaxillary area, it needs to 
be differentiated from the cyst of mouth floor.

4. Thyroid Gland Isthmus Tumor It mostly shows solid 
obstructy shadows with calcification, which are always con-
nected with thyroid gland and can be differentiated by radio-
nuclide examination.

5. Laryngeal Cyst It is the pathological expansion of the 
laryngeal ventricle. When the bursa exceeds the level of thy-
roid cartilage, it is called laryngeal cyst. Laryngeal cysts can 
be divided into three types: internal type, external type, and 
mixed type. The lesion is fixed in the larynx cavity and con-
tained gas. Imaging characteristics are circular or oval masses 
adjacent to the larynx, containing air and/or liquid. The lesions 
are different in size, heterogeneous in density and signal, 
which are related to the endocrine substances in the capsule.

32.4.6  Status Quo and Progress of Research

Typical thyroglossal duct cyst can be diagnosed accord-
ing to the onset age, symptoms, signs, specific disease 

location, and imaging findings of patients, and most 
patients are less than 15  years old. Ultrasound is often 
used for clinical diagnosis, and CT or MRI can be used 
for further examination when atypical diseases or com-
plicated infections occur. CT mainly defines the scope of 
the disease and the relationship between the disease and 
hyoid bone, and can clearly show whether the disease is 
complicated with infection (whether the cyst wall is 
thickened or not). CT also needs to carefully observe 
whether there are wall nodules. When there are wall nod-
ules in the lesion, it is necessary to be alert to the possi-
bility of thyroglossal duct cancer. At this time, it is 
necessary to evaluate whether there is lymph node 
enlargement in the neck.
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33.1  Acute Thyroiditis

33.1.1  Overview

Acute thyroiditis, also known as acute suppurative thyroid-
itis (AST), is a rare thyroid gland inflammation, which is 
often a complication of upper respiratory tract infection and 
can occur at any age. The disease is mostly caused by bacte-
rial infection, which spreads to the thyroid gland through 
local diffusion or hematogenous dissemination, and the inci-
dence rate accounts for 0.1–0.7% of thyroid gland diseases, 
and its infection scope can be limited or extensive. Infection 
caused by piriform recess fistula is often complicated with 
neck cellulitis or neck abscess, and pathogen can invade deep 
neck soft tissue or even mediastinum along the fistula. AST 
is usually acute and severe, with local cervical pain and 
lump, which may be complicated with general symptoms 
such as chills, fever, chills, and rapid heartbeat. Thyroid 
gland aspiration biopsy, such as aspiration of pus, is helpful 
for diagnosis. Pathogenic microorganisms cultured from the 
aspiration can be specifically diagnosed.

Causes and ways of acute thyroiditis infection: (1) 
Congenital piriform recess fistula is a common cause of AST 
in children. As the third or fourth branchial cleft tissue is not 
completely degraded during embryonic development, the fis-
tula is formed. The fistula penetrates obliquely from the lat-
eral wall or bottom wall of the piriform recess down through 
the lateral inferior border of thyroid cartilage and descends 
along the trachea, mostly ends at the superior polar of thy-
roid gland, and some of which can penetrate through thyroid 

gland and continue to descend. When abscess forms or even 
ruptures near thyroid gland, it can cause acute thyroid gland 
inflammation. Because the right side of branchial cleft tissue 
disappeared earlier, the infection caused in this way mostly 
occurs in the left side. (2) Blood-derived and lymphatic path-
ways are mostly secondary to septicemia, and patients with 
low or deficient immunity. (3) Inflammation near thyroid 
gland spread directly. (4) Medical operations such as iatro-
genic injury, thyroid gland fine-needle aspiration and deep 
vein ductization are not strictly disinfected. (5) Eating hard 
food leads to injury and perforation of oropharynx and 
esophagus. (6) Neck trauma.

33.1.2  Pathology Findings

Because of the complete fibrous capsule, good blood supply 
and lymphatic drainage, and the high concentration of iodine 
ions in thyroid gland follicles, pathogens are usually difficult 
to invade. However, the persistent piriform recess fistula may 
be the most common route of infection, and the inflamma-
tion may diffuse to thyroid gland by local diffusion or hema-
togenous dissemination, and show acute inflammatory 
changes. Microscopically, it mainly manifests as neutrophil 
infiltration, which can form abscesses varied in size.

33.1.3  Imaging Findings

1. X-Ray Examination Although X-ray cannot reflect the 
direct signs of acute thyroiditis, barium swallow X-ray 
(BSX) can clearly show the existence and course of piriform 
recess fistula, which is more common on the left side, show-
ing a caecum-like structure extending downward from the 
lower corner of piriform recess, filled with contrast agent. 
The examination method is simple, economical and intuitive, 
and can be used as an examination method for primary 
screening of diagnosis and reexamination after treatment.
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2. CT Examination It is recommended to take oral water- 
soluble contrast agent for the CT examination. The contrast 
agent diffuses and remains in the soft tissue of neck through 
fistula with time. Meanwhile, CT can perform multiplanar 
and curved planar reformation, which can better show the 
characteristics of barium agent retention, deposition and the 
exact course of fistula, and provide an important basis for the 
choice of clinical treatment Scheme. CT findings of acute 
thyroiditis can be divided into simple inflammation stage and 
abscess formation stage. In the simple inflammatory stage, it 
is a stripy slow-density focus with blurred thyroid gland 
inner margin and blurred peripheral fat space. During the 
abscess formation stage, it shows a central low-density lique-
factive necrosis area (Fig. 33.1), with pneumatosis and air- 
fluid level shadow in some lesions and soft tissues adjacent 
to the neck. The abscess is still low-density under enhanced 
scan, and the abscess wall shows ring or septa enhancement, 
with smooth and complete medial wall and blurred lateral 
wall border.

3. MRI Examination It has high resolution in soft tissue 
and can provide direct and indirect signs of inflammatory 
lesions in soft tissue of neck. In inflammatory stage, it shows 
irregular isointense or slightly hypointense on T1WI sequence 
in thyroid gland with unclear margin, and hyperintense on 
T2WI and fat-suppressed sequence for central inflammation 
and adjacent edema area. In the later stage of abscess forma-
tion, the lesions show hypointense on T1WI sequence, hyper-
intense on T2WI and fat-suppressed sequence in central area; 
isointense or slightly hyperintense on T1WI, and slightly 
hypointense on T2WI for peripheral abscess wall (Fig. 33.2). 
Enhanced scan shows marginal enhancement, but internal 
enhancement is unremarkable. When the pus contains a large 
amount of protein and leads to the diffusion limitation of 

water molecules, DWI sequence can show characteristic and 
significantly hyperintense.

33.1.4  Key Points of Diagnosis

 1. Thyroid gland mass is complicated with pain, chills, high 
fever, and other symptoms. Laboratory test shows signs 
of acute inflammation such as increased leukocyte count 
and rapid erythrocyte sedimentation rate.

 2. Oral barium for hypopharyngeal radiography (including 
CT scan after radiography) confirmed the existence of 
piriform recess fistula.

 3. CT or MRI shows irregular stripy shadows abnormal den-
sity in thyroid gland or blurred signal area with surround-
ing fat space, and typical smooth and complete 
enhancement ring is formed in late abscess formation.

 4. The pus shows hyperintense in DWI sequence.

33.1.5  Differential Diagnosis

1. Subacute Thyroiditis Patients have a history of upper 
respiratory tract infection or larynx inflammatory disease 
recently, and there is generally no acute inflammation such 
as local skin redness and skin temperature increase during 
physical examination; Subacute thyroiditis is not compli-
cated with congenital piriform recess fistula, and the inflam-
matory exudation around the neck is generally mild, and no 
abscess will be formed in the later stage.

2. Thyroid Gland Tumor or Nodular Goiter The history 
is relatively long, and there are generally no acute infection 
symptoms such as cervical pain, chills, fever, and chills; 

a b

Fig. 33.1 Inflammation of left thyroid gland lobe with sinus forma-
tion. (a) Non-enhanced CT scan indicates that the shape of the left lobe 
and isthmus of thyroid gland increases, the density decreases, and the 
margin is unclear (indicated by arrow); (b) CT enhanced scan indicates 

heterogeneous flocculent enhancement of lesions, large-scale swelling 
of peripheral soft tissues with vomica and fistula shadow (indicated by 
arrow)
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Nodule or space-occupying effect is relatively strong, and fat 
space outside thyroid gland capsule is clearly shown.

33.1.6  Status Quo and Progress of Research

Oral administration of 50–60% (w/v) diluted barium or 
water-soluble contrast agent (such as meglumine diatrizoate 

solution) and reasonable combination of hypopharyngeal 
radiography, CT and MRI can improve the diagnostic accu-
racy of acute thyroiditis caused by congenital piriform recess 
fistula. However, some patients cannot have fistula develop-
ment, especially in acute inflammation, the fistula orifice and 
fistula can be constricted or even obstructed due to mucosal 
reactive edema, granulation tissue proliferation of fistula ori-
fice [1], swelling of peripheral soft tissue, etc., and 

a b

c d

Fig. 33.2 Abscess formation in left thyroid gland lobe. (a, b) Non- 
enhanced MRI scan T1WI shows that the left lobe of thyroid gland 
increases, the signal intensity heterogeneously decreases, and the mar-
gin is unclear (indicated by arrow). (c, d) Non-enhanced MRI scan 

T2WI shows hyperintense in the left lobe of thyroid gland, with vomica 
and air signal shadow in it, and extensive edema (indicated by arrow) 
near scapulohyoid muscle and sternohyoid muscle (Images courtesy of 
Han Zhijiang, Hangzhou First People’s Hospital)
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high- concentration barium agent is more likely to obstruct 
fistula orifice and cause missed diagnosis, so it is recom-
mended to use 50–60% dilute barium or water-soluble con-
trast agent for hypopharyngeal radiography [2]. For some 
patients with negative results by contrast examination, it is 
necessary to receive multiple reexaminations after anti-
inflammatory treatment.

After hypopharyngeal radiography, CT examination 
shows that contrast agent diffused and remained in the soft 
tissue of neck through fistula. Combined with CT multipla-
nar reformation technology, the course of piriform recess 
fistula can be shown more intuitively, especially for small 
fistula. In addition, CT can directly evaluate the characteris-
tics of inflammation in thyroid gland and adjacent tissues, so 
CT examination has significant advantages in displaying fis-
tula compared with ordinary radiography examination [3].

33.2  Subacute Thyroiditis

33.2.1  Overview

Subacute thyroiditis (SAT), also known as De Quervain thy-
roiditis, viral thyroiditis, or granulomatous thyroiditis, is 
mostly found in clinical practice. It is mostly found in 
middle- aged women aged 30–50 years old, and the incidence 
ratio of male to female is (1:3)–(1:6). The etiology is 
unknown, because it often occurs after viral upper respira-
tory tract infection, it is generally considered to be allergic 
reaction caused by viral infection. Virus antibody can be 
detected in patients’ blood, which is a common cause of 
anterior cervical mass and thyroid gland pain. The disease is 
a self-limiting disease with a duration of several weeks to 
several months.

SAT has a seasonal onset trend, and its onset peak is in 
winter and spring, which generally goes through three typi-
cal stages: acute stage, remission stage, and recovery stage. 
In the acute stage, inflammation destroys thyroid gland fol-
licles, which leads to the increase of serum thyroxine level 
and a series of hyperthyroidism symptoms. The patient’s 
body temperature is slightly increased, which may be mani-
fested as goiter and tenderness locally, and cervical lymph 
node enlargement, which lasts for 3–6  weeks. With the 
decrease of inflammation and depletion of thyroxine released 
by the destruction of thyroid gland follicular epithelioid 
cells, the hyperthyroidism symptoms disappear and improve 
significantly. Temporary hypothyroidism can occur in the 
stage, which lasts for several months, before the function of 
thyroxine synthesis is restored. Because SAT is a self- 
limiting disease, with the gradual decrease of inflammation 
and the return of thyroxine level to normal, patients will 
enter the recovery period of thyroid gland function, and only 
a few cases may have permanent hypothyroidism.

33.2.2  Pathology Findings

Pathological manifestations can be roughly divided into 
three stages: generally, the thyroid gland is usually enlarged 
bilaterally, often asymmetrical, and the lesion can also be 
limited to a part of the thyroid gland. There are scattered 
white-gray hard nodules in the section. Microscopically, 
some of the follicular destruction in early stage is replaced 
by neutrophils. As the disease develops, neuroglia overflows 
from the ruptured follicles, surrounded by histiocytes and 
multinucleated giant cells, forming granuloma, and eosino-
phils, lymphocytes, and plasma cells could be contained in 
the stroma. In the progressive stage of the disease, the 
involved glands are hard, and the glia overflows, forming 
unclear granulomatous nodules surrounded by histiocytes 
and multinucleated giant cells. In convalescence, multinucle-
ated giant cells and histiocytes decrease or disappear, follicu-
lar epithelioid cells regenerate, which may be complicated 
with interstitial fibrosis and scar formation. The same gland 
often shows different stages of the lesion.

33.2.3  Imaging Findings

1. CT Examination It shows that the thyroid gland density 
decreased, and the lesion density is lower than that of normal 
thyroid gland by enhanced scan. The lymphocytes and 
plasma cells in the inflammatory area of arterial phase 
replace the normal thyroid gland tissue with abundant blood 
supply and high iodine content, so the enhancement is lower 
than that of normal thyroid gland. However, the enhance-
ment amplitude increases but is always lower than that of 
normal thyroid gland due to the accumulation of contrast 
agent in the extracellular space of inflammatory area in 
venous phase. The typical manifestation is thyroid gland 
enlargement, one or more stripy slow-density shadows 
appear in the gland, and the occupying effect is relatively 
mild. Even if the lesion is large in shape, the compression of 
adjacent trachea and esophagus is still not obvious. On non- 
enhanced scan, the lesion density is lower than that of nor-
mal thyroid gland tissue, the margin between the margin and 
normal thyroid gland tissue is unclear, and the peripheral fat 
space is blurred. The enhancement degree of lesions varies 
with different stages of lesions during enhanced scan: in 
acute stage, the blood supply of lesions is less, which is 
lower than that of normal thyroid gland tissue, and the mar-
gin is still blurred (Fig. 33.3). In remission stage, the lesion 
is enhanced higher than the surrounding normal thyroid 
gland tissue due to increased blood supply.

2. MRI Examination The subacute thyroiditis shows isoin-
tense on T1WI and slightly hyperintense on T2WI on MRI, 
especially on fat-suppressed sequence, which is very 
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sensitive to inflammatory exudation in gland and its periph-
ery. Meanwhile, axial, coronal, and sagittal images can be 
used to evaluate the morphological characteristics of lesions.

33.2.4  Key Points of Diagnosis

Patients have a history of upper respiratory tract infection or 
larynx inflammatory disease recently, and have clinical man-
ifestations such as acute goiter, paroxysmal pain with tender-
ness, and systemic symptoms like hyperthyroidism.

CT shows that there are solitary or multiple stripy slow- 
density lesions near the capsule in the ventral middle and 
superior thyroid gland, and the occupying effect is relatively 
mild, showing a “paint-splashing sign” change. The edge of 
lesions is still blurred by enhanced scan, and some lesions 
show high enhancement and benign lesions in remission 
stage.

Inflammatory exudation around the lesion resulted in 
blurred fat space display.

33.2.5  Differential Diagnosis

1. Acute Thyroiditis Thyroid gland mass has pain, high 
fever, chills, and other acute inflammatory symptoms. Oral 
administration of dilute barium or water-soluble contrast 
agent for hypopharyngeal radiography often leads to piri-
form recess fistula. CT or MRI shows the formation of 
inflammation or abscess in thyroid gland, and the peripheral 
inflammatory exudation is more significant and wider than 
SAT.

2. Hashimoto’s Thyroiditis It shows enlarged thyroid 
gland, especially isthmus, diffuse or localized density of thy-
roid gland. Nodular Hashimoto’s thyroiditis has a strong 
sense of nodules and can be complicated with massive 
calcification.

3. Nodular Goiter It has a regular shape. Non-enhanced 
CT scan often shows high or iso-density shadows follicular 
components and low density necrotic cystic areas of the nod-
ules, and the density is heterogeneous. The margin of 
enhanced scan is clearer than that in non-enhanced scan, and 
the solid areas mostly have marked enhancement.

4. Papillary Thyroid Gland Carcinoma It mostly shows 
irregular nodules, with single occurrence and microcalcifica-
tion. The contact surface between the tumor body and thy-
roid gland edge is straight and presents “cookie bite sign”, 
some of which can invade the anterior cervical muscle struc-
ture. CT enhanced scan is mostly ground-glass enhancement 
with blurred and constricted border.

33.2.6  Status Quo and Progress of Research

At present, the pathogenesis of SAT is still unclear, and it is 
thought that it may be caused by viral infection and its auto-
immunological reaction. Immunology can divide it into 
HLA-B35 positive type and HLA-B67 positive type accord-
ing to the difference of human leukocyte antigen (HLA) it 
contained. The clinical manifestations of the two types are 
different: the former has hidden onset, hyperthyroidism and 
hypothyroidism are not obvious, and can occur in each 

a b

Fig. 33.3 Subacute thyroiditis in left thyroid gland lobe. (a) The shape 
of the left lobe of thyroid gland is enlarged, with density decreased and 
blurred peripheral fat space (indicated by arrow); (b) Enhanced scan 

shows mild and homogeneous enhancement of the left lobe, and no 
significant nodule or space-occupying effect is found (indicated by 
arrow)
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season; The latter generally experienced typical hyperthy-
roidism, hypothyroidism, and functional recovery, and most 
of them occurred in winter and spring.

The lesion area of subacute thyroiditis shows diffuse 
patchy or nodular low-density changes, and the margin 
between subacute thyroiditis and normal thyroid gland tissue 
is unclear. The diagnosis of lesions mainly depends on clini-
cal laboratory test and ultrasound imaging, without CT or 
MRI examination. CT examination mainly evaluates the 
existence of malignant lesions. According to the statistics of 
receiver operating characteristic curve (ROC curve) of sub-
acute thyroiditis group and normal thyroid gland group, the 
critical CT value between them is 45 HU, that is, taking CT 
value ≤ 45 HU as the sign of subacute thyroiditis has high 
sensitivity, positive predictive value and negative predictive 
value [4].

33.3  Hashimoto’s Thyroiditis

33.3.1  Overview

Hashimoto’s thyroiditis (HT), also known as chronic lym-
phocytic thyroiditis, is an autoimmune disease that can occur 
at any age, especially in women aged 40–60 years, and is the 
most common clinical thyroiditis. HT is also the most com-
mon cause of goiter and acquired hypothyroidism in children 
and adolescents. There may be no clinical symptoms in early 
stage. Most patients see a doctor with goiter or hypothyroid-
ism for the first time, and in advanced stage, they have typi-
cal clinical symptoms of hypothyroidism such as apathy, 
chills, fatigue, dry skin, bradycardia, myxoedema, etc., 
which may be complicated with pharyngeal discomfort or 
mild dysphagia, with mild signs of goiter in diffuse lobulated 
or nodular form, mostly having hard texture and no adhesion 
with peripheral tissues.

At present, the pathogenesis of HT is not completely 
clear, which has genetic susceptibility and family aggrega-
tion and can coexist with other autoimmune diseases, so it is 
considered that HT is the result of the joint action of genetic 
factors and environmental factors [5]. Environmental factors 
mainly include infection, drugs, mental factors, and exces-
sive iodine in diet, especially the increase of iodine intake 
can promote recessive thyroiditis to develop into clinical 
hypothyroidism. Meanwhile, genetic susceptibility genes 
also play a certain role in the occurrence and development of 
diseases.

33.3.2  Pathology Findings

Generally, the thyroid gland is diffusely and symmetrically 
enlarged, with complete, thickened, and smooth capsule, 

gray-white or gray-yellow section, tough as rubber, or gray 
nodules varied in size, without hemorrhagic degeneration or 
necrosis. Microscopically, the main pathological features are 
extensive lymphocyte infiltration in stroma, eosinophilia of 
thyroid gland follicular epithelium (Hurthle cells), infiltra-
tion of plasma cells and macrophages, and the formation of 
lymphatic follicles with significant germinal centers.

Pathological changes of Hashimoto’s thyroiditis are also 
associated with the course of disease. In early stage, lympho-
cytes and plasma cells infiltrated widely, forming the germi-
nal center of lymphatic follicles, and the thyroid gland 
follicles are atrophied and destroyed, and neuroglia 
decreases. With the progression of the disease, fibrillar con-
nective tissue proliferated to different extents and surrounded 
follicular epithelium to form nodular or reticular structures. 
With the further progression of the disease course, the 
decrease of thyroxine leads to the increase of thyroid- 
stimulating hormone (TSH), which stimulates the regenera-
tion of follicular epithelium of thyroid gland, and the 
compensatory proliferation of blood vessels between folli-
cles. In advanced stage of the disease, thyroid gland follicles 
are severely atrophied, and fibrous tissue proliferation and 
hyaline degeneration can be observed, which may be compli-
cated with malnutrition calcification and nodule formation 
with different sizes and components.

33.3.3  Imaging Findings

1. CT Examination The imaging findings of Hashimoto’s 
thyroiditis are closely associated with pathology. HT can dif-
fuse or locally destroy thyroid gland follicles, resulting in the 
decrease of iodine ion content, so CT can show diffuse, 
localized, or nodular low-density lesions.

Diffuse lesions show diffuse enlargement of thyroid gland 
to different extents, with isthmus thickening as the main part, 
with corrugated or lobulated edges (Fig. 33.4). With the pro-
gression of the disease, the thyroid gland can gradually 
return to normal size, and even become fibrotic and atrophy. 
Thyroid gland density decreased homogeneously or hetero-
geneously. Generally, CT value ≤ 75 HU is used as the sign 
of diagnosing diffuse Hashimoto’s thyroiditis. However, 
other diseases that can reduce the iodine storage capacity of 
thyroid gland follicles, such as subacute thyroiditis, diffuse 
toxic and non-toxic goiter, can also lead to the decrease of 
thyroid gland density, and there may be low-density tumors 
in the low-density thyroid gland that cannot be recognized 
by naked eyes, which interferes with the accuracy of CT 
value measurement. Therefore, it is not appropriate to rely 
solely on the measurement of CT value as the basis for diag-
nosing HT, but need to make a comprehensive judgment in 
combination with clinical, laboratory test, and other imaging 
characteristics.
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Localized or nodular HT usually manifests as solitary 
or multiple low-density nodules with blurred edges. It is 
easily confused with subacute thyroiditis when the nodule 
feeling is not strong and the margin is unclear. Combining 
clinical features and laboratory test results is helpful to 
differentiate the two. CT images show nodules with coarse 
calcification, involving isthmus, and enhanced scan indi-
cates a high enhancement in venous phase (Fig.  33.5), 
which is helpful to differentiate from other malignant 
nodules.

HT is a pathological process of lymphocyte infiltration 
with follicular destruction and fibrillar connective tissue pro-
liferation, which has a long course of disease. In this course, 
reactive proliferation and enlargement often occur in the 
lymph nodes of bilateral IV and VI groups in the neck where 
thyroid gland lymph reflux is collected, which can provide a 
certain basis for the differential diagnosis of HT.

2. MRI Examination It shows diffuse thyroid gland with 
homogeneous signal intensity, hypointense on T1WI and 
hyperintense on T2WI.

Fig. 33.4 Hashimoto’s thyroiditis. Non-enhanced CT scan indicates 
that the shape of bilateral lobes and isthmus of thyroid gland increases, 
the edge changes in waves (indicated by arrow), the density homoge-
neousity decreases, and the isthmus thickness is 1.8 cm

a b

Fig. 33.5 Nodular Hashimoto’s thyroiditis in thyroid gland isthmus. 
(a) Non-enhanced CT scan indicates a slight increase in thyroid gland 
morphology and a decrease in parenchymal density, with a lower den-
sity nodule in the isthmus of thyroid gland and a coarse calcification 

(indicated by arrow) inside; (b) CT enhanced scan shows some high 
enhancement areas and cystic degenerations in nodules during venous 
phase (indicated by arrow)
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33.3.4  Key Points of Diagnosis

 1. The disease occurs in young and middle-aged women 
aged 20–50 years, and has clinical symptoms related to 
hypothyroidism.

 2. Diffuse enlargement of thyroid gland with isthmus 
thickening.

 3. Thyroid gland density is even or heterogeneous, and CT 
value is mostly ≤ 75 HU.

 4. Enhanced scan on nodular Hashimoto’s thyroiditis shows 
marked enhancement in venous phase, complicated with 
massive calcification, isthmus involvement, and other 
benign nodules.

 5. Reactive proliferation and enlargement of lymph nodes in 
bilateral IV and VI groups.

33.3.5  Differential Diagnosis

1. Hyperthyroidism The main clinical manifestation is 
hypermetabolism caused by excessive secretion of thyrox-
ine. Imaging shows diffuse enlargement of thyroid gland 
with increased antero-posterior diameter, while HT shows 
isthmus thickening.

2. Subacute Thyroiditis It is often complicated with local 
pain. Most of the lesions are limited and located in the ven-
tral side of thyroid gland, and the nodules are unconspicu-
ous, showing “paint-splashing sign”; Lesions often lead to 
blurred show of peripheral fat space.

3. Papillary Thyroid Gland Carcinoma It mostly mani-
fests as irregular nodules, single common, with microcalcifi-
cation. The contact surface between the tumor and thyroid 
gland edge is straight and shows “cookie bite sign.” The CT 
enhanced scan shows ground-glass enhancement with 
blurred and constricted border.

33.3.6  Status Quo and Progress of Research

HT leads to destruction of thyroid gland follicles and 
decrease of thyroxine secretion, which can lead to increase 
of TSH, atypical proliferation of thyroid gland follicular epi-
thelioid cells, overlapping of transparent nucleus and 
nucleus, which is similar to thyroid gland papillary carci-
noma. Moreover, Lee et al. [1] found that HT is at risk of 
developing differentiated papillary thyroid gland carcinoma 
by gene rearrangement testing and research. Therefore, for 
patients with diffuse HT, it is necessary to combine ultra-
sound or non-enhanced CT scan and enhanced scan to judge 
whether there are abnormal nodules in thyroid gland. Some 
nodules covered by non-enhanced CT scan can be shown by 

enhanced scan, while some nodules shown by non-enhanced 
CT scan may also be covered during enhanced scan. 
Therefore, non-enhanced CT scan and enhanced control can 
reduce the occurrence of missed diagnosis to a certain extent.

Very few patients with HT have no abnormality in thyroid 
gland shape, size, and gland density, and rely mainly on lab-
oratory test for diagnosis. In laboratory indicators, only thy-
roid gland autoantibodies, including thyroglobulin antibody 
(TGAb) and thyroperoxidase antibody (TPOAb), are 
increased. The reason for this phenomenon may be that thy-
roid gland morphology and density have not changed in early 
stage of the disease. Although the proportion is small, for 
this kind of patients, thyroid gland antibodies should be 
combined and regular follow-up should be done.

33.4  Woody Thyroiditis

33.4.1  Overview

Riedel thyroiditis (RT), also known as chronic (invasive) 
fibrothyroiditis, is a rare disease characterized by thyroid 
gland fibrosclerosis, accounting for 0.04–0.30% of thyroid 
gland diseases, mainly occurring in middle-aged and elderly 
women, with a short medical history ranging from 2–3 weeks 
to decades. Patients’ thyroid gland is as hard as stone or 
wood, with little or no activity, often involving blood vessels 
and recurrent laryngeal nerve, and appearing hoarseness, 
dyspnea or dysphagia. The compression symptoms are sig-
nificant and not proportional to the degree of thyroid gland 
enlargement. Generally, cervical lymph node enlargement 
does not occur.

Woody thyroiditis is a self-limiting disease, and its exact 
pathogenesis is unclear, which may be associated with sys-
temic diseases associated with immunoglobulin G4. In clini-
cal cases, patients with hard and swollen thyroid gland 
complicated with hoarseness and inconsistent with the degree 
of goiter should consider the possibility of the disease.

33.4.2  Pathology Findings

RT manifests as fibrillar connective tissue replacing normal 
thyroid gland tissue, and normal glands can be totally or par-
tially involved, and break through thyroid gland capsule and 
involves peripheral tissues. Macroscopically, the involved 
area shows tough fibrosis and “wood-like” changes, and 
inflammatory fibrous tissue invaded the peripheral tissues. 
Microscopically, the active proliferative inflammatory fibro-
sis leads to the destruction and disappearance of thyroid 
gland structure, and the degree of inflammatory cell infiltra-
tion varies, often lacking giant cell reaction, and skin and 
lymph nodes are generally not involved.
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33.4.3  Imaging Findings

Woody thyroiditis was replaced by fibrillar connective tissue 
and destroyed normal thyroid gland follicles, resulting in 
loss of thyroid gland iodine storage function, so CT shows 
localized or diffuse hypointensity thyroid gland lesions. The 
margin between the lesion and the normal thyroid gland is 
unclear, no true or false capsule is formed, and it often breaks 
through the thyroid gland capsule and spreads to the periph-
eral tissues. CT shows diffuse peripheral structures such as 
trachea and blood vessels, while enhanced scan shows slight 
heterogeneous enhancement (Fig. 33.6).

33.4.4  Key Points of Diagnosis

 1. The neck mass is tough, and palpation of thyroid gland 
hardens.

 2. The lesions are low density, the margin is unclear, and 
they break through the thyroid gland capsule and involve 
the peripheral tissues, surrounding the trachea and blood 
vessels.

 3. Enhanced scan shows slight heterogeneous enhancement.

33.4.5  Differential Diagnosis

1. Hashimoto’s Thyroiditis It manifests as diffuse enlarge-
ment of thyroid gland with isthmus thickening, unsmooth 
surface, and clear peripheral fat space. Density is mostly less 
than 75 HU on non-enhanced CT scan; Reactive prolifera-
tion and swelling can occur in bilateral lymph nodes of 
groups IV and VI.

2. Subacute Thyroiditis It is often complicated with local 
pain. Most of the lesions are limited and located in the ven-
tral side of thyroid gland, and the nodules are unconspicu-
ous, showing “paint-splashing sign”; Lesions often lead to 
blurred show of peripheral fat space.

3. Primary Thyroid Gland Lymphoma It is mostly com-
plicated with underlying Hashimoto’s thyroiditis; CT shows 
homogeneous and low-density irregular tumor extending to 
tracheoesophageal groove; enhanced scan shows mild homo-
geneous enhancement; most of them were complicated with 
swelling of lymph nodes around thyroid gland, supraclavicu-
lar lymph nodes, and mediastinal lymph node.

33.4.6  Status Quo and Progress of Research

Woody thyroiditis has inflammatory fibrous tissue and vas-
culitis in fibrosclerotic tissue, and thyroid gland autoantibod-
ies can be found in the serum of most patients, which 
indicates that autoimmune mechanism may play a role in the 
course of disease [6]. In addition, because histopathology 
found that there is eosinophilic follicular epithelium in the 
lesions, woodiness thyroiditis is considered to be the mani-
festation of Hashimoto’s thyroiditis in advanced stage. 
However, in recent years, the analysis of histomorphological 
characteristics, clinical manifestations, thyroid gland func-
tion indicators, immune characteristics, prognosis, and so on 
did not find the inevitable connection between them, so they 
were considered to be independent diseases.

Because of its low incidence, the radiological manifesta-
tions of woody thyroiditis lack statistical analysis of large 
samples. However, combined with domestic and foreign case 

a b

Fig. 33.6 Woody thyroiditis. (a) CDFI on long-axis section of the right 
common carotid artery shows low echo (indicated by arrow) surround-
ing the right common carotid artery, with sparse blood flow in it and 
unclear normal carotid tunica intima-media; (b) CT enhanced scan 
shows that the right lobe of thyroid gland enlarged and shows slight 

heterogeneous enhancement, and the lesion breaks through the thyroid 
gland capsule and diffuses around the right common carotid artery and 
jugular vein (indicated by arrow) (Images courtesy of Yuhang, Beijing 
Civil Aviation General Hospital)

33 Thyroiditis



384

reports, when the degree of goiter is not proportional to the 
compression symptoms caused by it, CT examination shows 
that the thyroid gland has low-density lesions and breaks 
through the capsule to involve peripheral tissues, and dif-
fuses around the trachea and blood vessels, it is necessary to 
consider the possibility of woody thyroiditis.
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Skull Base Lesions
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34.1  Skull Base Osteomyelitis

34.1.1  Overview

Skull osteomyelitis is a disease of skull infection and destruc-
tion caused by aerobic or anaerobic bacteria, mycobacteria 
or fungi, which is most common in frontal bone and parietal 
bone. Skull base osteomyelitis (SBO) is rare, and the etiol-
ogy of SBO is not completely clear. SBO usually occurs in 
elderly diabetic patients or immunocompromised patients 
and often involves temporal bone, skull base, cranial nerves, 
and brain tissue. Its clinical manifestations are atypical, and 
its aggravation can threaten life. It generally develops rapidly 
and its prognosis is poor. SBO is often secondary to malig-
nant external otitis (MEO) with invasive bone destruction. 
The lesions of MEO begin in the external auditory canal, and 
granulation tissue and cartilage necrosisare found at the bot-
tom of the external auditory canal. The necrosis usually 
occurs at the junction of cartilage and soft tissue in the exter-
nal auditory canal, and then spreads to the peripheral area. 
When the disease develops further, acute or chronic inflam-
mation invades the stylomastoid foramen and jugular fora-
men through cartilage fissure of external auditory canal and 
milk fissure of middle eardrum, which leads to osteomyelitis 
of temporal bone or skull base osteomyelitis, leading to 
paralysis of cranial nerves function, meningitis or brain 
abscess, etc. Chronic mastoiditis and rhinosinusitis are also 
inducing factors of SBO. In addition, iatrogenic factors can 
also cause SBO, such as maxillectomy and mastoidectomy. 

Radiation osteomyelitis usually causes inflammation and 
necrosis of bone due to malignant tumors such as nasophar-
ynx after high-dose radiotherapy.

34.1.2  Pathology Findings

The main pathogen of SBO is Pseudomonas aeruginosa, and 
its internal and external toxins can destroy the peripheral tis-
sues. Because of its strong virulence, infesction is difficult to 
control, which can cause severe fatal infection. Other patho-
gens include Staphylococcus epidermidis, Streptococcus 
pneumoniae, Aspergillus, etc. Lee et  al. [1] reported SBO 
caused by Enterobacter aerogenes infection in cases of sig-
moid sinus thrombosis and necrotic pulmonary embolism.

1. Acute Suppurative Osteomyelitis It can be divided into 
the following three stages based on pathological changes.

 1. Subperiosteal abscess stage: inflammatory cell infiltra-
tion in bone marrow cavity, mainly lymphocytes and 
plasma cells, which may contain a small amount of puru-
lent blood.

 2. Subperiosteal abscess stage: After 3–4 days of onset, pus 
in bone marrow cavity increased to subperiosteal, form-
ing subperiosteal abscess.

 3. Periosteum destruction stage: 7–8 days after onset, sub-
periosteal empyema penetrated into soft tissue, resulting 
in periosteum necrosis, destruction of bone blood supply, 
bone destruction in severe cases, blood vessel embolism, 
and formation of sequestrum.

2. Chronic Suppurative Osteomyelitis It is usually 
evolved from acute suppurative osteomyelitis. Plenty of lym-
phocytes, proliferating fibroblasts, and mesenchymal cells 
infiltrated into the bone marrow cavity, and bone 
 reconstruction began with bone destruction, showing perios-
teum repair and hyperostosis.
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34.1.3  Imaging Findings

The main manifestations of the disease are bone destruction, 
sequestrum formation, subperiosteal abscess, hyperostosis 
and osteosclerosis, periosteal reaction, and involvement of 
adjacent structures. Meanwhile, it is often complicated with 
the primary lesions of paranasal sinus, middle ear mastoid 
and orbit, such as rhinosinusitis, otomastoiditis, cholestea-
toma, intraorbital cellulitis, and so on. Osteomyelitis located 
in the anterior skull base is mostly caused by ethmoidal 
sinusitis, frontal sinusitis and orbital inflammatory diseases.

1. CT Examination The manifestation of osteomyelitis in 
early stage is the decrease of local density of skull plate dip-
loe. With the progression of pathological changes, bone 
destruction began to appear. Bone destruction manifests as 
skull plate diploe, irregular low-density area in internal and 
external plates, and clear or blurred border. Sequestrums are 
punctate or irregular high-density bone masses disconnected 
with the surrounding bone. Subperiosteal abscess is not com-
mon in osteomyelitis at the skull base. When inflammation 
involves the orbit, abscess formation inferior to the orbital 
periosteum, showing fusiform and stripy slow-density shad-
ows inferior to the periosteum. By enhanced scan, the thick-
ened periosteum can be enhanced, but the abscess is not 
enhanced. Hyperostosis and osteosclerosis show thickening 
of the internal and external plates of skull, increased density 
of diploe and unclear margin. Periosteal reaction is uncom-
mon, showing thin-line, stripy, or layered high-density 
shadow. Extracranial soft tissue invaded shows swelling of 
soft tissue, thickening of muscles, unclear margin, and 
increased density of intermuscular fat space. Enhanced scan 
shows that the involved muscles and intermuscular space is 
heterogeneous enhancement, and the lesion scope is more 
clearly shown. If an abscess is formed in soft tissue, it shows 
a low-density area, and the abscess wall can be enhanced by 
enhanced scan (Figs. 34.1 and 34.2).

2. MRI Examination It shows bone marrow edema in early 
stage of osteomyelitis, with bone marrow manifesting as 
hypointense on T1WI and slightly hyperintense on T2WI, 
with irregular shape and unclear margin. Bone destruction 
shows hypointense on T1WI and hyperintense on T2WI, the 
signal is heterogeneous and enhancement of involved area 
can be found by enhanced scan. Sequestrum shows irregular 
hypointense area which is disconnected with surrounding 
bone. The subperiosteal abscess shows hypointense, isoin-
tense, or hyperintense on T1WI and mostly hyperintense on 
T2WI according to pus components. By enhanced scan, the 
thickened periosteum could be enhanced, but the abscess 
shows no enhancement. Hyperostosis and osteosclerosis 
show bone thickening, and bone marrow cavity shows 
hypointense on T1WI and hypointense on T2WI. Periosteal 
reaction shows hypointense on T1WI and hypointense on 

T2WI. Extracranial soft tissue invasion manifests as muscle 
swelling, with hypointense on T1WI and hyperintense on 
T2WI, and heterogeneous linear and stripy hypointense shad-
ows in hyperintense area of intermuscular fat. By enhanced 
scan, the lesions are heterogeneous enhancement. If abscess 
is formed, the abscess wall is enhanced in a ring shape.

34.1.4  Key Points of Diagnosis

 1. Often have a history of rhinosinusitis, otomastoiditis, 
orbital inflammatory diseases, etc.

 2. With symptoms of bacterial poisoning, blood routine 
often shows abnormal results.

 3. Acute osteomyelitis manifests as bone destruction, sub-
periosteal abscess, periosteal reaction, and inflammatory 
changes of adjacent soft tissues.

 4. Chronic osteomyelitis manifests as hyperostosis, osteo-
sclerosis, and deformity.

34.1.5  Differential Diagnosis

1. Eosinophilic Granuloma It is mostly found in children 
and adolescents, with long course of disease, mild clinical 
symptoms, eosinophilia in blood routine, clear margin of bone 
destruction, mostly solitary, complicated with soft tissue mass.

2. Metastatic Tumor It is mostly found in middle-aged and 
elderly people, usually with a history of primary tumors. 
Osteolytic bone destruction is more common, which can be 
solitary or multiple, with irregular shape and blurred margin, 
confluent foci, and can be complicated with soft tissue mass. 
Osteosclerosis and periosteal reaction are rare.

34.1.6  Status Quo and Progress of Research

CT is the preferred imaging method for skull base osteomy-
elitis, especially when the lesion is secondary to malignant 
external otitis, it can show moth-eaten bone destruction of 
bone of skull base [2]. The lateral soft tissue along petrosal 
bone and occipital bone can show “oval sign” on the bone 
window due to the remodeling and erosion of lateral bone 
edge caused by soft tissue inflammation. There is significant 
hole erosion in jugular foramen, carotid canal and stylomas-
toid foramen. Enhanced examination can be used to evaluate 
the patency of carotid artery and jugular vein to determine 
whether there are other malignant tumors.

MRI can be used as a supplement to CT examination, and 
MRI is more helpful to detect whether inflammation involves 
intracranial. Whether it is direct, peripheral, or vascular, 
MRI can better evaluate the involvement of occipital fora-
men [3–5].
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34.2  Skull Base Bone Tuberculosis

34.2.1  Overview

Bone tuberculosis accounts for about 1% of systemic myco-
bacterium tuberculosis infection, skull tuberculosis accounts 
for only 0.20–1.37%, and bone of skull base tuberculosis is 
even rarer. Although the incidence of tuberculosis has greatly 

increased in the world, there are only a few reports of skull 
tuberculosis, especially skull base tuberculosis, only spo-
radic reports [6]. Bone tuberculosis of skull base is usually 
caused by the direct spread of tuberculosis in adjacent parts 
(such as orbit, paranasal sinus, nasopharynx, pituitary gland, 
meninges of skull base, etc.), or by the spread of blood and 
lymph circulation, and a few are caused by the hematoge-
nous dissemination of tuberculosis of lung and kidney.

a b

c d

Fig. 34.1 Radiation osteomyelitis of bone of skull base. A 65-year-old 
female patient Postoperative radiotherapy for nasopharyngeal carci-
noma. (a–d) Non-enhanced CT scan shows diffuse bone cortex discon-
tinuity in the sphenoid bone, occipital bone, mastoid portion of bilateral 

temporal bones, and bilateral mandible, and bone trabecula in disor-
derly arrangement and with cellular change and local osteosclerosis. 
The nasopharyngeal roof is thickened with unclear margin, and irregu-
lar soft tissue density shadows in bilateral parapharyngeal space

34 Skull Base Lesions



390

34.2.2  Pathology Findings

The pathological changes of skull tuberculosis are the same 
as those of bone tuberculosis in other parts, mainly showing 
three manifestations: exudation, degeneration, and prolifera-
tion. Macrophages and neutrophils are the main exudative 
lesions, complicated with cellulose exudation. Metamorphosis 
turned into caseous necrosis with calcification and seques-
trum formation. Hyperplastic diseases become epitheloid cell 
proliferation, including Langerhans cells.

34.2.3  Imaging Findings

The main manifestations of the disease are bone destruction, 
sequestrum formation with hyperostosis and osteosclerosis, 
the adjacent structures are usually involved, and the periosteal 
reaction is mild or with unremarkable periosteal reaction. 
Meanwhile, there are multiple tuberculosis focus in adjacent 
structures such as paranasal sinus and orbit. Most of the 
lesions located in the anterior skull base were caused by the 
spread of tuberculosis in ethmoidal sinus and frontal sinus.

a b

c d

Fig. 34.2 Odontogenic maxillary osteomyelitis. A 60-year-old male 
patient. Pain in the left maxilla region with fever for more than half a 
month. (a, b) Non-enhanced CT scan on bone window shows bone 

destruction in the middle and left alveolar process of maxilla and edge 
sclerosis; (c, d) Non-enhanced soft tissue window CT scan shows axial 
soft tissue swelling
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1. CT Examination The bone destruction usually shows 
that it penetrates the bony defect area of the inner and outer 
plates of skull, which is replaced by soft tissue density shad-
ows, with irregular shape, clear or blurred margin, and unre-
markable periosteal reaction. A few sequestrums and 
punctate calcifications can be found in the bony defect area. 
Sequestrums are small, showing irregular high-density bone 
masses which are disconnected with the surrounding bone. 
Hyperostosis and osteosclerosis is limited, which is mani-
fested by thickening of skull around the destruction area and 
increasing density of diploe. Invasion to peripheral soft tis-
sue shows soft tissue swelling, which could form irregular 
mass with unclear margin. In enhanced scan, the involved 
soft tissues show heterogeneous enhancement, and the lesion 
area is more clearly shown (Fig. 34.3).

2. MRI Examination As the pathological components of 
tuberculosis focus are complex, and exudative lesions, pro-
liferative lesions, caseous necrosis, and calcification are 
mixed, so the MRI signals are very complex. Bone destruc-
tion shows hypointense on T1WI and hyperintense on 

T2WI. Sequestrums and calcification foci show punctate and 
small stripy hypointense on T1WI and hypointense on 
T2WI. The invasion to peripheral soft tissues often shows as 
mass shadow, isointense is dominant. Caseous necrosis 
shows hypointense on T1WI and hyperintense on T2WI. By 
enhanced scan, the components of proliferative granuloma in 
the lesion show marked enhancement, while the other com-
ponents were not enhanced, but the adjacent meninges were 
enhanced.

34.2.4  Key Points of Diagnosis

 1. Often have tuberculosis or other parts of the extra- 
pulmonary tuberculosis history.

 2. Tuberculosis infection often occurs in paranasal sinus 
area.

 3. Bone destruction, formation of sequestrum with hyperos-
tosis and osteosclerosis, involvement of adjacent struc-
tures, light periosteal reaction, or unremarkable periosteal 
reaction.

a b c

d e f

Fig. 34.3 Multiple bone tuberculosis in occipital bone. A 55-year-old 
female patient. Head lump was found with anorexia for more than half 
a month, and cough and expectoration increased for 1 week. According 
to diagnosis, the patient suffered from secondary pulmonary tuberculo-
sis, bronchial tuberculosis, left ninth and tenth posterior rib tuberculosis 

and thoracic 12 cone tuberculosis. (a–c) Non-enhanced brain CT scan 
on bone window shows multiple bone destruction of skull; (d–f) Non- 
enhanced brain CT scan on soft tissue window shows that the bone 
destruction area is replaced by soft tissue density shadows, forming 
irregular mass with unclear margin
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34.2.5  Differential Diagnosis

1. Myeloma It is mostly found in the elderly. Laboratory test 
shows that blood calcium is increased, serum-specific immu-
noglobulin is increased, with positive Bence Jones protein in 
urine. Bones of the whole body with abundant red bone mar-
row are usually involved. Skull is one of the  common parts, 
which manifests as multiple, penetrating bone destruction, 
with quasi-circular shape, clear margin, and no sclerotic mar-
gin. May be complicated with soft tissue mass.

2. Eosinophilic Granuloma It is mostly found in children 
and adolescents, with long course of disease, mild clinical 
symptoms, eosinophilia in blood routine, clear margin of 
bone destruction, mostly solitary, complicated with soft tis-
sue mass.

3. Metastatic Tumor It is mostly found in middle-aged and 
elderly people, usually with a history of primary tumors. 
Osteolytic bone destruction is more common, which can be 
solitary or multiple, with irregular shape and blurred margin, 
confluent foci, and can be complicated with soft tissue mass. 
Osteosclerosis and periosteal reaction are rare.

34.2.6  Status Quo and Progress of Research

For skull base bone tuberculosis, the diagnostic value of 
plain film is limited, and skull can show localized or diffuse 
solubility or localized periosteal lesions.

CT and MRI can clearly show osteolytic skull lesions, 
which destroy bone adjacent to epidural soft tissue mass, and 
show peripheral enhancement, low density, epidural mass, 
and peripheral enhancement performance is not clear, all of 
which indicate tuberculosis, and most patients have good 
clinical and laboratory performance.

34.3  Fungal Infection of Skull Base

34.3.1  Overview

Fungal Infection of skull base is not rare, and it usually 
occurs in patients with low immunity and long-term use of 
glucocorticoid or antibiotics. Fungal Infection of skull base 
is mostly rhinogenic, and often secondary to acute and 
chronic invasive fungal rhinosinusitis and allergic fungal 
rhinosinusitis.

34.3.2  Pathology Findings

The pathological basis of Fungal Infection of skull base 
caused by acute and chronic invasive fungal rhinosinusitis is 
that plenty of fungi in paranasal sinus invade adjacent skull 

base tissues or organs, mainly through blood vessels. The 
gross specimens of acute invasive fungal rhinosinusitis are 
black or dark brown, and most of them are shapeless broken 
tissues. Histologically, there is a large coagulation necrosis 
in the tissue, in which hyphae can be found. Visual observa-
tions of chronic invasive fungal rhinosinusitis are severe con-
gestion and polypoid lesion of nasal mucosa, or surface 
covered with yellow or black massive soft tissue-like tumor. 
It can be seen through an electron microscope that submuco-
sal issues have been invaded, including bones and blood ves-
sels. Chronic suppurative granulomatous inflammation is the 
main form, which is usually accompanied by chronic non-
specific inflammation. In addition, coagulation necrosis and 
fungal vasculitis may also occur, with fungal hyphae observ-
able in the necrotic tissues.

The pathological manifestations of allergic fungal rhino-
sinusitis are jam or putty-like yellow or yellow-brown secre-
tions in the cavity of diseased paranasal sinus, with fungal 
hyphae or fungal spores observable on the secretion smear. 
Histopathologically, massive eosinophil infiltration can be 
observed.

34.3.3  Imaging Findings

1. CT Examination The CT findings of early lesions of 
acute and chronic invasive fungal rhinosinusitis are not spe-
cific, and only minor inflammatory changes such as thick-
ening of the nasal cavity and/or paranasal sinus mucosa can 
be observed. The characteristic CT manifestations of acute 
invasive fungal rhinosinusitis at the progressive stage are 
progressive bone destruction, extensive lesions, easily 
spread to the orbit and skull, diffuse enhancement of the 
optic nerve and meninges, and intracranial abscess or 
infarction. The typical CT manifestations of chronic inva-
sive fungal rhinosinusitis are bone expansion and destruc-
tion of involved sinus wall. In severe cases, defects may be 
formed, and adjacent bones may be subject to different 
degrees of proliferation and sclerosis. The sinus cavity is 
filled with irregular soft tissue shadow with uniform den-
sity and rare calcification. The characteristic CT manifesta-
tions of allergic fungal rhinosinusitis are unilateral or 
bilateral multi-sinus cavity enlargement and consolidation. 
Strip-like and cloud-like high-density shadows are visible 
in the consolidation tissue, with unilateral or bilateral nasal 
polyps. The lesions sometimes may destroy the bone at the 
skull base and involve the intracranial part, which is mani-
fested as the soft tissue shadows in the paranasal sinuses 
protruding into the skull through the bony defect area at the 
skull base (Figs. 34.4 and 34.5).

2. MRI Examination The characteristic manifestations 
of acute invasive fungal rhinosinusitis include a wide range 
of involvement, mild disease of paranasal sinus or severely 
involved tissues and organs such as adjacent skull base, 
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orbits, and maxillofacial region. The fungal granuloma 
shows heterogeneous signal on T1WI and significantly 
changing signals on T2WI. The slight hypointense area in 
the lesion is the characteristic manifestation of fungal 
infection. The basicranial fungal meningitis shows isoin-
tense or hypointense on T1WI, and mostly isointense or 
slightly hypointense on T2WI. Enhanced scan shows irreg-
ular enhancement of the meninges at the skull base or of 

the entire cerebral hemisphere, with possible local extra-
dural abscess and cerebral dura mater or arachnoid 
enhancement. The chronic invasive fungal rhinosinusitis 
shows mostly isointense on T1WI but uncertain signal on 
T2WI, with mainly hyperintense at the early stage and 
hypointense at the advanced stage. The signal is often het-
erogeneous. The enhanced scan shows uneven enhance-
ment of lesions. The allergic fungal rhinosinusitis shows 

a b

c d

Fig. 34.4 Fungal sphenoiditis (1). A 60-year-old female patient. (a–d) 
The non-enhanced CT scan of paranasal sinus (coronal) shows soft tis-
sue density shadows in the sphenoid sinus and right ethmoidal sinus, 

calcified shadow in them, unobstructed ostiomeatal complex, and unob-
structed meatus nasi communis
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isointense or slightly hyperintense on T1WI but extremely 
hypointense on T2WI, and the enhanced scan shows its lin-
ear enhancement.

34.3.4  Key Points of Diagnosis

1. Acute Invasive Fungal Rhinosinusitis 

 1. The patient has a medical history of diabetes or is admin-
istered with a lot of hormones or antibiotics recently.

 2. The patient has a persistent severe headache with or with-
out symptoms of basicranial neurologic impairment.

 3. The severity of rhinosinusitis is disproportionate to that of 
the invaded peripheral tissues.

 4. The MRI examination shows a wide range of peripheral 
tissues and organs invaded by the lesion as well as 
thickening and enhancement of adjacent basicranial 
meninges.

 5. The antifungal therapy is effective.

2. Chronic Invasive Fungal Rhinosinusitis 

 1. The disease is common in adults and sometimes in 
patients with immune deficiencies such as diabetes and 
leukemia.

a b

c d

Fig. 34.5 Fungal sphenoiditis (2). A 28-year-old male patient. (a–d) The non-enhanced CT scan of the skull shows soft tissue density shadows in 
the sphenoid sinus, with visible calcified shadows and local sphenoid bone osteosclerosis
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 2. The disease progresses slowly, and its early symptoms are 
similar to those of non-invasive fungal rhinosinusitis at 
early stage. Months or years later, symptoms such as 
headache, proptosis, impaired vision, and cranial nerve 
injury may occur.

 3. Rhinosinusitis mostly involves single sinus involvement, 
with the maxillary sinus the most common. The sinus 
cavity expands, the bone of sinus wall is destroyed, and 
the bone adjacent to the bony defect area shows varying 
degrees of proliferation and sclerosis.

 4. MRI examination can show the extent of involvement by 
lesions.

3. Allergic Fungal Rhinosinusitis 

 1. The disease is common in young patients with allergies 
but without immune deficiency.

 2. The disease involves multiple paranasal sinuses on one or 
both sides, and the CT soft tissue window shows enlarge-
ment and consolidation of the sinus cavity involved by the 
lesions as well as multiple strip-like or cloud-like high-
density shadows.

 3. The CT bone window shows that the lesions erode the 
bone at the adjacent skull base and protrude the skull.

 4. The disease is commonly accompanied by unilateral or 
bilateral nasal polyps.

34.3.5  Differential Diagnosis

1. Acute Invasive Fungal Rhinosinusitis When the lesion 
has no obvious bone changes, it is mainly distinguished 
from the non-fungal inflammation of skull base, including 
tuberculous meningitis and non-specific inflammation. 
Some cases are accompanied by bone erosion and destruc-
tion in the lesion area, requiring to distinguish it from the 
malignant tumor of skull base. Tuberculous meningitis usu-
ally occurs in young people, most of whom have a history of 
tuberculosis. It can be definitively diagnosed by biochemi-
cal analysis of the cerebrospinal fluid obtained by lumbar 
puncture as well as bacterioscopy. The lesion of basicranial 
non-specific inflammation usually shows more hyperintense 
on T2WI, while that of the fungal inflammation shows a 
slightly hypointense on T2WI, which is helpful for distin-
guishment. Malignant tumors of the skull base are mostly 
manifested as irregular-shaped soft tissue masses of skull 
base, which is accompanied by osteolytic destruction but 
without any history of diabetes or extensive use of hormones 
or antibiotics.

2. Chronic Invasive Fungal Rhinosinusitis The disease is 
mainly distinguished from paranasal sinus cancer invading 
the skull base. Sinus cancer has a short course and progresses 
quickly. Paranasal sinus cancer has a short course of disease 
and progress quickly in most cases. Common in the maxil-

lary sinus, it is manifested as extensive bone destruction in 
the sinus wall, mostly without hyperostosis and osteosclero-
sis, as well as heterogeneous soft tissue density.

3. Allergic Fungal Rhinosinusitis It is necessary to distin-
guish it from the skull base abnormalities caused by other 
factors when the skull base is invaded. It is easy to distin-
guish it in combination with the characteristic CT manifesta-
tions of paranasal sinus and nasal cavity.

34.3.6  Status Quo and Progress of Research

CT examination is a primary examination approach when the 
fungal rhinosinusitis invades the skull base. It can clearly 
show the destruction and invasion of skull base bone by the 
lesions. Composed of a cone X-ray beam and a flat panel 
detector, cone-beam CT (CBCT) can move around the 
patient’s head. It was originally used for dental imaging and 
has been widely used in ENT examinations. Compared with 
the traditional multidetector CT (MDCT), CBCT has higher 
resolution and less radiation exposure. Intrasinus calcifica-
tion is a common manifestation of fungal rhinosinusitis, 
especially aspergillosis. CBCT can improve the detection 
rate of calcification to a certain extent [7].

Among all fungal rhinosinusitis, acute invasive fungal 
rhinosinusitis (AIFR) is dangerous and may endanger the 
patient’s life. Some scholars [8] have established a simple 
and reliable CT-based diagnostic model through research, 
which can be used as a routine screening tool for high-risk 
patients. Ideally, this model will make the diagnosis or 
exclusion of AIFR more reliable than any previous one. 
Choi et  al. [9] studied the relationship between the MRI 
imaging characteristics and AIFR and the prognosis and 
found that AIFR showed frequent invasion outside the para-
nasal sinus as well as variable MRI enhancement patterns. 
About half of the cases show the lack of contrast enhance-
ment (LoCE) enhancement mode. Among various clinical 
radiological factors, LoCE enhancement mode is a unique 
prognostic factor.

34.4  Tolosa-Hunt Syndrome

34.4.1  Overview

Tolosa–Hunt syndrome (THS) is an idiopathic inflamma-
tion that often involves cavernous sinus and orbital apex. Its 
exact cause is not yet clear, and it may be an allergic dis-
ease Its typical clinical manifestation is the painful oph-
thalmoplegia caused by the inflammation of surrounding 
cavernous sinus. Tolosa-Hunt syndrome is essentially an 
exclusive clinical diagnosis. Because the diagnosis is 
mainly based on clinical features, the diagnosis of this 
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disease lacks objective evidence [10]. The disease usually 
occurs in 35- to 75-year-old persons, especially the about 
50-year-old ones. No significant gender difference is 
observed, with slightly more male patients. It is generally 
unilateral, with no significant between left and rights sides. 
The first symptom is usually unilateral postorbital intrac-
table pain, which usually occurs before ophthalmoplegia. 
The cause of such pain is mostly caused by the stimulated 
first branch of the trigeminal nerve. Most patients show the 
symptoms of cranial nerve paralysis after suffering oph-
thalmodynia for a period of time, which range from hours 
to 6  months. In this case, the cranial nerves III-VI are 
mainly involved. The clinical manifestations include ptosis 
of the affected side; paralysis of the extraocular muscles, 
which may be accompanied by strabismus, diplopia, core-
diastasis, and the pupil not reacting to the light; and eyeball 
fixation in a tiny minority of cases. Occasionally, it may 
affect optic nerves, facial nerves, and sympathetic nerves 
around the arteries, and the signs of obstructed orbital 
venous return may also occur. It is significantly effective to 
treat the disease with corticoid, and the pain disappears 
within days. It is relatively slow to recover from the symp-
toms of cranial nerve injury and they are easy to relapse, 
but the prognosis is good, and there are fewer patients 
remaining cranial nerve dysfunction.

34.4.2  Pathology Findings

The main pathological features of THS are the infiltration of 
lymphocytes and plasma cells, and the thickening of cerebral 
dura mater in the cavernous sinus. SIPHA periarteritis, or 
localized duritis pachymeningitis of the cavernous sinus.

34.4.3  Imaging Findings

1. CT Examination The extent of lesion mostly involves 
both the orbital apex and the adjacent cerebral dura mater. 
Enhanced scan shows marked enhancement of the lesions of 
cavernous sinus and orbital apex on the affected side as well 
as thickening and strip-like marked enhancement of the 
involved cerebral dura mater. The cavernous sinus area on 
the lesion side shows asymmetric enlargement, with or with-
out enhancement. The internal carotid artery becomes nar-
rower, and the superior orbital fissure and the orbital apex 
expand.

2. MRI Examination The disease is manifested as widen-
ing of the cavernous sinus on the affected side. Due to the 
large difference in size of the cavernous sinus between indi-
viduals, there is no recognized standard value. Therefore, 

whether the cavernous sinus is widened is mainly deter-
mined by comparing the cavernous sinuses on affected and 
unaffected sides. Re-examination after treatment can help 
confirm the diagnosis if the lesions are significantly reduced 
or disappeared. Thin-slice MRI enhanced examination is a 
main imaging method for diagnosing the disease. When the 
Tolosa-Hunt syndrome of cavernous sinus is suspected clin-
ically, the acquisition slice is generally 2–3 mm thick, and 
there is no increment enhanced examination. Thin-slice 
MRI enhanced examination can show the inflammatory 
changes of frontal area of cavernous sinus, superior orbital 
fissure, and orbital apex. The signal characteristics are non-
specific and may be manifested as follows: Compared with 
muscle, the affected area shows isointense to hyperintense 
on T1WI and hyperintense on T2WI.  The T1WI enhanced 
examination may show enhancement of the lesion at the 
active stage, and the resolution has improved after treatment 
(Figs. 34.6 and 34.7).

34.4.4  Key Points of Diagnosis

 1. Tolosa–Hunt syndrome is mainly manifested as widening 
of the cavernous sinus. The thin-slice MRI enhanced 
examination can clearly show the marked enhancement 
of widened cavernous sinus, which may be accompanied 
by enhancement of the adjacent cerebral dura mater.

 2. Symptoms are relieved after hormone treatment, and 
reduction or disappearance of the original lesions can be 
used as the diagnostic criteria for THS.

34.4.5  Differential Diagnosis

1. Painful Ophthalmoplegia Caused by Nasopharyngeal 
Carcinoma The onset is insidious and gradually worsens. 
Generally, it is first manifested as unilateral ophthalmople-
gia, and then involves the opposite side and other cranial 
nerves. CT examination carried out at the advanced stage can 
show bone destruction, and the diagnosis can be confirmed 
by a biopsy of the nasopharyngeal cavity.

2. Sphenoid Sinus Cyst The onset is most subacute. The 
disease is manifested as obvious local tenderness and pro-
truding eyeballs. In addition to cranial nerves III-VI, it may 
also involve the optic nerve. At the early stage of onset, the 
symptoms can be alleviated by treatment with dehydrators 
and steroid hormones. Its diagnosis can be confirmed by CT 
and MRI examinations.

3. Intracerebral Aneurysm (Posterior Communicating 
Artery Aneurysms) The disease only involves the second 
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a b

c d

Fig. 34.6 Tolosa-Hunt syndrome (1). A 60-year-old female patient. 
Pain in both eyes for more than 1 month, and strabismus in the right eye 
for 1 week. (a, b) Non-enhanced MRI scan by T1WI and T2WI shows 
widening of the right cavernous sinus and heterogeneous signals. (c, d) 

Enhanced scan of T1WI-CE transverse plane and coronal shows marked 
enhancement of the meninges adjacent to the right cavernous sinus, 
local thickening, and heterogeneous signals
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cranial nerves, generally with light pain. It can be defini-
tively diagnosed by angiography. The onset is slow, and it is 
accompanied by impaired vision and visual field defect. Its 
diagnosis can be confirmed by X-ray sella turcica plain film, 
CT examination, and MRI examination.

34.4.6  Status Quo and Progress of Research

THS is a rare neurological and ophthalmological disease, 
and MRI is the preferred imageological examination method. 
Compared with traditional brain MRI scan, thin-slice MRI 
scan and enhanced scan of cavernous sinus can better show 
the location, signal performance and scope of the lesion, 
which is helpful for diagnosis, differential diagnosis and 
follow-up observation of THS.

The advantages of 128-slice CT scan for TSH: After the 
CT scan is completed, any slice thickness and inter-slice 
increment can be reconstructed to avoid the shortcoming of 
conventional head MRI scan, i.e., some lesion details are 
missing due to big slice thickness and inter-slice increment. 
Even the thin-slice scan of cavernous sinus area has the dis-
advantages of small SFOV and inter-slice increment. After 
the 128-slice CT scan is completed, multi-plane recombina-

tion at any angle and slice thickness can be carried out, which 
can make the bilateral structure symmetrical and facilitate 
bilateral comparative observation. Once the MRI examina-
tion is completed, neither the angle nor the slice thickness 
can be adjusted. This is particularly important for the diagno-
sis and differential diagnosis of THS because the current 
THS imaging diagnosis mainly depends on bilateral contrast 
observation. After the 128-slice CT enhanced scan is com-
pleted, direct head angiography and blood vessel analysis 
can be performed, while MRI requires a separate blood ves-
sel scan sequence. CT can easily show the calcification of 
blood vessel wall, skull base, and adjacent cerebral dura 
mater, helpful for the differential diagnosis of skull base 
tuberculosis, fungal infection of areas adjacent to the cavern-
ous sinus, and so on. In addition, THS is often accompanied 
by severe pain, even nausea, vomiting, and other symptoms, 
making it difficult to check for immobilization for a long 
time. The quick speed of 128-slice CT examination is one of 
its advantages. Combined with CT post-processing VR 
imaging, it can show the tortuosity, dilation, and other 
changes of the drainage veins adjacent to the cavernous 
sinus. With quick scan speed and abundant image post- 
processing software, the 128-slice CT gradually shows its 
advantages in diagnosis and differential diagnosis of THS.

a b c d

e f g h

Fig. 34.7 Tolosa-Hunt syndrome (2). A 67-year-old female patient. 
Both eyes seeing an article as if it is two ones suddenly for 1 week. (a, 
b) Non-enhanced MRI scan by T1WI and T2WI shows local widening 
of the right cavernous sinus and visible abnormal shadow. (c, d) MRI 

enhanced examination shows abnormal reinforced nodule in the rear 
part of the right cavernous sinus. (e, f) After treatment with methylpred-
nisolone, MRI re-examination shows that the abnormal enhanced nod-
ule in the rear part of the right cavernous sinus has become smaller
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