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(ABSTRACT) 

A study was performed to establish the appearance of normal equine laryngeal cartilages 

using magnetic resonance imaging.  Specimens were acquired from clinically normal horses that 

were euthanized for reasons other than respiratory disease.  Three in situ and 5 ex vivo larynges 

were imaged using a 0.3 Tesla system.  Images were obtained in the transverse plane using T1-

weighted 3D spin echo, T2-weighted 3D spin echo, T2-weighted gradient echo, short tau 

inversion recovery (STIR), and proton density spin echo sequences.  Five ex vivo larynges were 

also imaged in the transverse plane using a 1.5 Tesla system, sequences included T1-weighted 

3D spin echo, T2-weighted 3D turbo-spin echo, turbo inversion recovery (TIRM), and proton 

density spin echo sequences.  A frozen gross laryngeal specimen was sliced in 5-mm transverse 

sections for comparison to the MR images.  Excellent correlation was found between MR images 

and the gross transverse sections.  Successful imaging was accomplished using both imaging 

systems; however, the 1.5 Tesla system yielded superior image resolution.  The 0.3 Tesla 

imaging system would accommodate the intact equine head, which was not possible using the 

1.5 Tesla MRI system.  The internal morphology of the laryngeal cartilages was clearly 

identified in all imaging sequences obtained.  Cartilages were found to differ in signal intensity 
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based on the tissue composition and imaging sequences performed.  MRI was determined to be a 

useful imaging modality for evaluating the cartilage morphology of the equine larynx.  Further 

investigation is required to document pathologic morphology.     
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INTRODUCTION 

Disease of the equine larynx limits performance by causing exercise intolerance and abnormal 

upper respiratory noise.  Traditional evaluation of the equine larynx is based on physical 

examination, upper airway endoscopy, and radiography.  While these diagnostic tools contribute 

to the diagnosis of certain laryngeal disorders, the majority of the structure of the laryngeal 

cartilages cannot be thoroughly evaluated. 

 

Arytenoid chondritis is an acute or chronic, often progressive, bacterial infection that results in 

thickening of the arytenoid cartilage and airway obstruction.  Affected horses experience 

exercise intolerance and abnormal respiratory noise, and complete airway obstruction is possible 

in advanced disease states or during strenuous exercise.  Traditional treatment is partial 

arytenoidectomy with the horse under general anesthesia.1-6  Although racing is possible 

following arytenoidectomy, the procedure has potential complications and is costly.1,2,7  An 

alternative minimally invasive procedure consisting of laser-assisted debridement has been 

reported in the standing horse if the condition is recognized before permanent arytenoid 

deformity has occurred.8,9  Case selection is critical; the diagnostic challenge lies in determining 

the extent of arytenoid deformity in marginal cases.  Endoscopy, radiology, and ultrasound have 

not completely fulfilled this need.  Additional structural diseases of the larynx occur and include 

palatopharyngeal arch deformity, atrophy and fracture of the laryngeal cartilages, and 

developmental abnormalities resulting in anatomic alteration of the larynges and surrounding 

musculature.   
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Magnetic resonance imaging provides a detailed depiction of the morphology and composition of 

the tissue based on hydrogen content.  Images are produced in gray scale with specific intensities 

of signal based on the tissue composition.  Imaging the cartilage of the equine larynx would aid 

in deciding whether to debride or remove an arytenoid cartilage.   

 

The intent of this study was to evaluate MRI imaging of the normal equine larynx, so the severity 

of internal laryngeal cartilage lesions could be determined in clinical cases.  My literature review 

disclosed no prior published reports of MRI of the equine larynx.  The magnet configuration and 

field strength are limited in equine veterinary medicine to equipment that is available in a clinical 

setting.  The purpose of the study was to acquire clinically useful MR images of the normal 

equine larynx using the 0.3 Tesla permanent C-shaped MRI system that is currently available in 

clinical practice.  Images were also obtained using a 1.5 Tesla superconducting horizontal 

magnet to depict and describe the normal anatomy.  The images acquired were compared with 

similar slices of gross specimens.  We hypothesized that MRI would offer a useful, noninvasive 

means for evaluation of the morphology of the equine laryngeal cartilages and that the images 

obtained would correlate well with gross anatomic specimens.  A diagnostic standard for normal 

magnetic resonance imaging will be established to provide a reference for which laryngeal 

disease may be compared in the future. 
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LITERATURE REVIEW 

 

THE DEVELOPMENT OF MRI 

Current magnetic resonance imaging is based upon the principles of nuclear induction; also 

known as nuclear magnetic resonance.  Bloch and Purcell independently publicized the principle 

of nuclear induction in 1946 and reported that nuclei of different atoms absorb radio waves of 

different frequencies.10,11  They reported that when radio waves were applied to molecules, the 

orientation of the nuclear moment of the molecules changed based on the radio-wave frequency 

applied.  When the radio-wave frequency was removed from the molecules, nuclear relaxation 

occurred.  Bloch and Purcell demonstrated that the nuclear reorientation due to relaxation could 

be measured as a voltage difference between terminals of an external electrical circuit.10,11  As 

techniques were refined, nuclear magnetic resonance became a spectroscopic technique used in 

the laboratory setting for the identification of chemical and physical characteristics of specific 

molecules.  Laboratory molecular analysis was the first practical use of magnetic resonance.  In 

1971, Damadian proposed that nuclear magnetic relaxation times could be used to non-

invasively detect disease.12  Nuclear magnetic relaxation times of neoplastic tissue differed from 

that of normal tissue and the difference was recordable.12,13  In 1973, Lauterbur implemented a 

tri-plane gradient magnetic field for imaging specific areas of the body.14  This report is thought 

to be the foundation for current MRI technology and provided a means of spatially localizing the 

MR signal.   

 

The technique involved magnetic field gradients in the x, y, and z directions applied to the 

subject, resulting in three dimensional MR signal localization.14  In 1978, medical imaging 
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technology was further advanced with the publication of the first human whole-body MRI study.  

Cross-sectional images of a human thorax depicting tissue structure based on the concentration 

of tissue water was produced.15  Since that time, MRI technology has been widely used in 

medical imaging of the human body.  MRI has gradually become more efficient, resulting in 

constantly improving resolution. 

  

BASIC PHYSICS AND PRINCIPLES OF MRI 

The basic principle of magnetic resonance imaging is that hydrogen contained in tissue water 

emits a signal that is detectable by a magnetic resonance scanner, and permits noninvasive 

imaging of tissue architecture.  Images correspond to slices through the anatomic structure 

depicted in gray scale; thickness is determined by the operator.  Each slice is composed of 

defined 3-dimensional tissue volumes referred to as voxels, which correspond to small cubic 

volumes of tissue.16  The voxel size is variable and may be manipulated to influence the 

available MR signal, which correlates with the intensity of brightness of a pixel.17  Images are 

composed of thousands of pixels which represent the gray scale average MR signal within each 

tissue voxel.  The slice thickness, field of view and the acquisition matrix determine the 

dimensions of the voxel.  Field of view is the square image area that contains the object of 

interest and is expressed in units of mm².  It represents the amount of tissue included on 

each cross sectional image.  The smaller the field of view, the higher the image resolution, 

but the lower the measured MR signal.   

 

The acquisition matrix is a 2-dimensional grid which represents the surface area of the 

voxels composing the MR image and is expressed as width X height.  Because the MR 
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signal is proportional to the number of protons resonating within each voxel, increasing the size 

of the voxel will increase the MR signal and improve image acquisition.18  Therefore, increasing 

the slice thickness and field of view, or decreasing the imaging matrix will increase the MR 

signal.  Image resolution is the ability to distinguish small objects on MR images and is critical 

to medical imaging applications.  Decreasing the size of the voxel will improve image resolution, 

but will also decrease the number of available resonating protons, resulting in a decreased 

signal.19  Therefore, the available MR signal and image resolution may be improved with 

manipulation of the imaging parameters.    

 

Variation in the hydrogen content of tissue makes magnetic resonance imaging possible.  

Magnetism is a property of tissue that results from orbiting electrons. The orbiting electrons 

cause atoms to have a magnetic moment associated with angular momentum referred to as spin.16  

The spinning protons create a small magnetic field.  The concentration of hydrogen atoms in 

tissue and the large magnetic moment created by the single hydrogen proton make the hydrogen 

atom extremely sensitive to magnetic resonance.  When the tissue is placed within a magnetic 

field, protons align with or against the applied magnetic field.16,18,20  At any given time, a slight 

majority of the tissue protons will be aligned with the applied magnetic field.  The aligned 

position is slightly favored because the nucleus is at a lower energy state, resulting in a net tissue 

magnetization pointing longitudinally in the direction of the applied magnetic field.20  The 

protons wobble as they spin within the applied magnetic field.  The rate of proton wobbling is 

described as precession, and is unique for water protons depending on the frequency of the static 

magnetic field.  Precession is described as Larmor frequency, and is characteristic of the specific 

tissue being imaged.16,20  Larmor frequency is the frequency at which the nucleus will absorb 
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energy to alter its alignment.  The stronger the magnetic field, the higher the Larmor frequency.  

If an RF pulse at the Larmor frequency is applied to the nucleus of an atom, the protons will alter 

their alignment from the direction of the main magnetic field to the direction opposite the main 

magnetic field.  As the proton tries to realign with the main magnetic field, it will also emit 

energy at the Larmor frequency.  Nuclear resonance is the ability of an atom to absorb energy at 

the Larmor frequency to alter its alignment.  Radio-frequency radiation is applied through an RF 

coil to individual nuclei at the Larmor frequency and causes the nuclei in a lower energy state to 

jump into a higher energy state.  Exposure of the magnetized tissue to RF radiation at the Larmor 

frequency causes the net magnetization vector to rotate from a longitudinal position aligned with 

the applied magnetic field to a distance proportional to the time length of the RF pulse.20   

 

The net magnetization vector rotates 90 to 180 degrees from the applied magnetic plane and can 

be detected by the MRI scanner.  The angle that the net magnetization vector rotates at the end of 

the RF pulse is commonly called the flip angle.20  The stronger the RF pulse delivered by the coil 

to the protons, the greater the flip angle for the magnetization.  The two most common flip 

angles in MRI are 90 degrees and 180 degrees, but variable angles are utilized.  After the 

external RF pulse ceases, T1 recovery and T2 decay take place.  T1 recovery and T2 decay occur 

at the same time, but are completely different processes.  T1 recovery is the gradual increase in 

longitudinal magnetization and is referred to as longitudinal relaxation.16,18  T1 relaxation is a 

time constant and is the time required for proton alignment to return to 63% of the original 

longitudinal magnetization.21  The time between successive RF excitation pulses is repetition 

time (TR), an imaging parameter which controls the T1 weighting of an image.  A short TR 

maximizes T1 weighting, whereas a long TR minimizes T1 weighting.19   
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T2 decay, or transverse relaxation, is the gradual decrease in transverse magnetization back to an 

equilibrium of proton alignment.16,18  As T2 decay occurs, the MR signal “dies out”.  The decay 

is expressed as a time constant.  The T2 time constant is the time for nuclei spinning 

perpendicular to the main magnetic field to lose coherence, which results in a loss of transverse 

magnetization and MRI signal.17  T2 decay occurs when the transverse magnetization has 

decreased to 37% of the initial value and is more rapid than T1 recovery.21  Echo delay time (TE) 

is the time interval between the RF pulse and the measurement of the first echo that determines 

the T2 weighting of an image.  A short TE minimizes T2 expression, whereas a long TE 

maximizes T2 weighting.   

 

Each type of tissue has a differing concentration of hydrogen atoms causing different T1 and T2 

values.  Contrast between various tissues is related to differences in proton resonance within the 

tissues.  Specific imaging parameters selected for an MR scan are referred to as pulse sequences 

and typically include T1-weighted, T2-weighted, proton density, inversion recovery (IR), and 

gradient echo.   

 

T1-weighted imaging is considered a short-TR and short-TE sequence.  T1-weighted images are 

especially useful for depicting anatomic detail.  Fat, acute hemorrhage, and proteinaceous fluid 

have high signal intensity (bright).16  Muscle and most other soft tissue structures are 

intermediate to low in signal intensity.  Fluid composed mostly of water is of relatively low 

signal when compared to muscle.  Cartilage typically has higher signal intensity than muscle and 

other soft tissue structures.   
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The T2-weighted sequence has a comparatively long TR and long TE.16  Fluid produces an 

especially high signal.  T2-weighted images identify tissue pathology well due to the increased 

fluid content of affected tissue.  Muscle and soft tissue structures produce intermediate signal 

and fat has less signal than on a T1-weighted image.   

 

Proton density sequences are considered an intermediate TR and short TE sequence.16  Tissue 

contrast is primarily due to the proton number within specific tissues.  The higher the number of 

protons in a given unit of tissue, the greater the transverse component of magnetization, and the 

brighter the signal on the proton density contrast image.  This sequence provides good anatomic 

detail, but little overall tissue contrast due to the intermediate weighting.  Proton density is 

particularly useful for evaluation of cartilaginous structures, such as human meniscal 

pathology.17  However, this sequence is poor for detection of fluid and bone marrow pathology.  

 

Short tau inversion recovery (STIR) and turbo inversion recovery (TIRM) are T2-weighted fat 

suppression techniques that result in increased signal intensity from fluid and tissue edema.  It is 

very sensitive in detecting tissue fluid accumulation due to soft tissue pathology and is 

commonly used in musculoskeletal imaging protocols.  The disadvantages of inversion recovery 

sequences are a longer acquisition time and expression of less anatomical detail.   
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Gradient echo is a type of pulse sequence generated from free induction decay by an applied 

bipolar magnetic gradient.17  The gradient echo is produced by reversing the direction of a 

magnetic field gradient or by applying balanced pulses of a magnetic field gradient before and 

after an RF pulse.16  Gradient echo produces T1 or T2 –weighted images in less time than 

conventional spin echo techniques.  It is particularly useful in imaging ligaments and 

cartilaginous structures, but is more susceptible to imaging artifacts.  Gradient echo tends to 

produce poor contrast between muscle and other soft tissue structures.  The protons within the 

mineralized matrix of cortical bone are unable to resonate and produce an MR signal; therefore, 

cortical bone is typically black in all imaging sequences.  Disadvantages of gradient echo 

imaging are compromised anatomic details and artifacts. 

 

EQUINE LARYNGEAL ANATOMY 

The larynx is primarily composed of fibroelastic and hyaline cartilage.22,23  The five laryngeal 

cartilages are the epiglottic, thyroid, cricoid, and the paired arytenoid cartilages.   The most 

rostral is the epiglottic cartilage which is composed of flexible elastic cartilage.23,24  The largest 

is the thyroid cartilage which consists of two lateral hyaline cartilage plates fused along the 

laryngeal floor.24  The dorsal, rostral and caudal extremities of the thyroid cartilage articulate 

with the thyrohyoid bone and cricoid cartilage, respectively.22  The most caudal is the cricoid 

cartilage which forms a complete “signet” ring.  The cricoid cartilage is joined to the trachea by 

the cricotracheal ligament.  The cricoid cartilage articulates with each arytenoid cartilage via the 

synovial cricoarytenoid joints and with the dorsocaudal thyroid cartilage via synovial 

articulations at the lateral facets of the cricoid cartilage.  The paired arytenoid cartilages lie on 
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either side of the laryngeal lumen and contain three processes.  The vocal process projects 

ventrally and serve as the dorsal attachment of the vocal fold.  The muscular process projects 

dorsolaterally for insertion of the cricoarytenoideus dorsalis muscle.  The corniculate processes 

form the laryngeal entrance and the dorso-lateral limits of the glottis.  The corniculate process is 

composed of fibroelastic cartilage and the remaining structure of the arytenoid is composed of 

hyaline cartilage.23   

 

Intrinsic and extrinsic muscles create laryngeal cartilage movement.  The extrinsic muscles 

function as elevators and depressors of the larynx.  They include the thyrohyoideus, 

hyoepiglotticus, and sternothyroideus muscles.22  The intrinsic muscles control vocal cord 

tension and the size and shape of the glottis and include the cricothyroideus, cricoarytenoideus 

dorsalis, cricoarytenoideus lateralis, thyroarytenoideus, and arytenoideus transverses muscles.  

The cricothyroideus muscle originates from the lateral surface of the thyroid lamina and inserts 

on the cricoid arch ventral to the cricothyroid joint to tense the vocal fold; it is innervated by the 

cranial laryngeal nerve.22  The other intrinsic muscles are innervated by the recurrent laryngeal 

branch of the vagus nerve.  The cricoarytenoideus dorsalis muscle originates from the 

dorsolateral surface of the cricoid cartilage and inserts on the muscular process of the arytenoid 

cartilage to abduct the arytenoid cartilages, opening the rima glottidis.24  The cricoarytenoideus 

lateralis muscle originates from the rostroventral part of the cricoid arch and inserts on the 

muscular process of the arytenoid to abduct the arytenoid cartilages, narrowing the rima glottidis.  

The thyroarytenoideus muscle originates from the thyroid cartilage on the cranial laryngeal floor 

and inserts on the muscular process and body of the arytenoid cartilage and functions to adjust 

the tension of the vocal fold.  It is divided into two units consisting of the rostral ventricularis 
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and caudal vocalis muscles.  The arytenoideus transverses muscle originates from the muscular 

process of the arytenoid cartilage, inserts on the median raphe and functions to approximate and 

stabilize the paired arytenoid cartilages.22   

 

The laryngeal ventricle is a diverticulum lined with mucosal tissue which is located dorsal and 

caudal to the vocal fold, between the arytenoid and thyroid cartilages. The laryngeal ventricles 

are proposed to act as resonators during vocalization.  The vocal folds are soft tissue structures 

and run caudodorsally from the rostral laryngeal floor to attach on the mid ventral aspect of the 

body of the arytenoid cartilages.  Each vocal fold contains a ligament on the dorsal and ventral 

free margin for stabilization.  The vocal folds can be tensed and relaxed by the cricothyroideus 

and the thyroarytenoideus muscles during vocalization.   The pitch of vocalization is controlled 

by the thickness, length, and tension of the vocal folds.  

   

MRI OF THE HUMAN LARYNX 

Magnetic resonance imaging has been used extensively in the human medical profession.  The 

primary role of MR in human laryngeal imaging is to define the extent of disease, especially 

neoplastic processes.25,26  Laryngeal carcinoma is the most common malignancy of the human 

head and neck in the western hemisphere, and can originate in the glottic, supraglottic, or 

infraglottic regions.27  The most common laryngeal tumors are located within the glottic region 

and are rarely associated with lymph node spread.28,29  More than 90% of laryngopharyngeal 

carcinomas are of squamous cell origin.21,30  Malignancies of the larynx generally arise from the 

surface epithelium and infiltrate deeper tissue.30   
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Detection of cartilage invasion is an important factor in the staging of laryngeal cancer.  Direct 

diagnostic endoscopy is commonly used to view mucosal malignancies; however, deep extension 

of the tumors is most effectively assessed by CT and MRI.  The inherently superior tissue 

contrast and resolution provided by MRI in differentiating among neoplasia, soft tissue, muscle, 

fat, and vessels has provided a distinct advantage over CT in evaluating human laryngeal 

pathology.  Compared to CT, MRI has been shown to consistently produce superior soft tissue 

definition and resolution.25  MR technology is reported to be the most effective means to 

diagnose and stage regional extension of laryngeal tumors and is useful in detecting cartilage 

invasion by neoplastic processes.24,27,31,32  MRI has also been useful in the determination of the 

normal dimensions of the laryngeal framework of adult humans.  These measurements have 

included the identification of the internal and external diameters of the cricoid cartilage, height 

and length of the thyroid cartilage in different planes, angle of the thyroid laminae, height of the 

arytenoid cartilages, width and length of the epiglottic cartilage, and internal and external 

diameter of first tracheal ring.33  In 2002, a three-dimensional anatomic framework of the human 

larynx was created using MR technology.34,35  This laryngeal model has proven useful in analysis 

of vocal fold opening and closing action during speech, swallowing, coughing, and voice 

production.34  The MR recognition of the human laryngeal framework has also advanced the 

field of laryngeal electromyography and laryngeal surgery by providing a better understanding of 

the functional relationship of anatomical structures.  The disadvantage of MRI for laryngeal 

imaging in human patients is that the technique is much more susceptible to motion artifacts that 

occur during swallowing, respiration, and from pulsatile flow of the great vessels in the neck.23  

Motion artifacts are reported to interfere with an accurate diagnosis in 10% to 15% of human 



 13 

cases.36  MRI also has a limited ability to detect histologic detail or microscopic spread of 

neoplastic cells.30  

    

Optimum MR imaging protocols for the human larynx have been documented.  T1-weighted spin 

echo MR images are typically the most helpful is defining normal laryngeal anatomy.25,36  A 1.5 

Tesla magnet and anterior neck surface coils are the current medical standard for laryngeal 

imaging.23  T1-weighted spin echo axial (transverse) images are reported to be acquired using an 

intermediate 256 x 256 acquisition matrix.  The use of a finer acquisition matrix of 512 x 512 

was reported to produce improved visualization of anatomical detail, but scanning time was 

significantly increased.36  A TR of 600 ms and a TE of 20 ms with a field of view of 20 cm for 

optimal T1-weighted imaging is reported in the current literature.24  It is desirable to reduce the 

field of view as much as possible to improve spatial resolution.  Slice thickness should be 

approximately 4mm for most MRI laryngeal applications.31  Other reports exist that promote a 

slice thickness of 3 mm or 5mm with 1 mm between slice sections for optimum results.23  

Thinner slices have been reported to improve the visualization of anatomic detail, but require the 

completion of multiple acquisitions which are averaged, resulting in longer scanning times to 

maintain an equivalent signal to noise ratio.36  A coronal T1-weighted imaging sequence should 

also be obtained using the same imaging parameters.  A T1-weighted sagittal image is reported 

to be useful in determining the extent of neoplastic infiltration and is performed using the same 

imaging parameters.37  A T2-weighted axial imaging sequence provides less spatial resolution, 

but has been shown to be useful in defining the interface between deep extension of the 

neoplasm and the surrounding normal soft tissue structures.31  An in vitro study was conducted 

using a 2.35 Tesla MR imaging system and harvested human laryngeal specimens to compare the 
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effect of an increased magnetic field strength on acquired MR laryngeal images.  A higher field 

strength using the 2.35 Tesla magnet produced T2-weighted images that were found to have 

superior resolution, improved tissue contrast, and better soft-tissue differentiation than the T1-

weighted images produced.38  When performed at a greater magnetic field strength, T2-weighted 

sequences are reported to have an improved potential to enable early detection of tumor invasion 

into the laryngeal cartilage.38 

   

MR anatomy of the human larynx has been thoroughly reported in recent literature.  MRI has 

been found very useful in delineating muscle planes, mucosal surfaces, and calcified laryngeal 

cartilage lamina.  Noncalcified hyaline cartilage is reported to be of intermediate signal intensity 

and closely approximates the subcutaneous tissue and submucosal connective tissue.25,31  The 

epiglottis is composed of fibroelastic cartilage and is of intermediate to high signal intensity.25,31  

High signal intensity was reported to be present along the surface of the laryngeal lumen due to 

the presence of the mucosal lining, which has a higher hydrogen concentration than the deeper 

cartilaginous structures.24,37  A large proportion of the laryngeal skeleton of the adult human is 

composed of calcified cartilage and has a similar composition as cortical bone.  The epiglottic 

cartilage consists of elastic cartilage and does not ossify, while the cricoid, thyroid, and arytenoid 

cartilages consist of hyaline cartilage, which demonstrates a predictable pattern of ossification 

with age.39,40  Calcified laryngeal cartilage is reported to be of low signal intensity, with 

increased signal in the medullary space due to the presence of intra-medullary fat.24,25,31,37  The 

thyroid cartilage has an inverted V configuration when viewed on an axial (transverse) MR 

image and has a characteristic trilaminar appearance.24,41  The thyroid cartilage may appear 

irregular depending on the age of the patient and the pattern of calcification.41  The cricoid 
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cartilage is readily identified and forms a broad posterior lamina, which is responsible for it’s 

characteristic signet ring appearance.24,41  The arytenoid cartilages are viewed as symmetrical 

areas of relatively high-signal intensity.  The aryepiglottic folds have been reported to be well 

demonstrated on human laryngeal MRI sequences.24  The aryepiglottic folds are largely 

composed of mucosal tissue covering a fatty infrastructure and are viewed as bright, high 

intensity signal.  Generally, neoplasia is identified as having intermediate signal intensity on T1 

– weighted sequences.  On T2-weighted images, neoplasia usually has increased signal intensity 

compared with that found on T1-weighted images.36  The preepiglottic space consists of a high 

abundance of fat and creates a bright signal.  Disruption of this bright signal by an intermediate 

intensity signal has been reported to indicate tumor invasion.24  Nonossified laryngeal cartilage 

also appears as intermediate signal intensity on T1-weighted images.  Therefore, distinguishing 

neoplastic tissue from nonossified laryngeal cartilage presents a challenge.23,24  Reports of false 

positive findings exist in the MRI diagnosis of cartilage invasion by neoplastic cells.  The false 

positive findings resulted from the presence of inflammatory changes within tissue adjacent to 

the tumor, by fibrosis, or extramedullary hematopoiesis.32,42  MRI is also limited in its ability to 

distinguish residual from recurrent laryngeal neoplasia.30  Currently, laryngeal cancer is detected 

by an alteration and distortion in the appearance of normal tissue planes in representative T1-

weighted images.30  In one study of invasion of laryngeal cartilage by neoplasia, MRI had a 

specificity of 88% and a sensitivity of 89%, supporting MRI use in the evaluation of laryngeal 

cancer.43  In radiologic-pathologic studies of laryngeal cartilage invasion, it has been 

demonstrated that MRI is more sensitive (89%) than CT imaging (64%) for the detection of 

tumoral infiltration of the laryngeal cartilages.44,45 
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The correlation between human MRI laryngeal anatomy and histologic specimens has been 

reported in several studies.46,47  A study by Sakai and coworkers compared the normal MRI 

anatomy of the human larynx at a high field strength of 1.5 Tesla in 2 normal excised larynges 

and 62 subjects without laryngopharyngeal disease.47  The larynges were sectioned transversely 

and the MR images were compared to gross and histologic sections. In the 62 subjects, MR at 1.5 

T provided excellent anatomical detail of the major laryngeal cartilages, extrinsic and intrinsic 

laryngeal musculature, and soft tissues including the vocal cords, laryngeal ventricles, and 

aryepiglottic folds.47  There was also a reported high correlation between the MR images and the 

corresponding gross histologic specimens.  Unossified hyaline cartilage was found to be 

intermediate in signal intensity on T1-weighted and proton density images and low intensity on 

T2-weighted images. The signal intensity from ossified cartilage was determined by the amount 

of fatty marrow and was high in intensity on T1-weighted and proton density images and low to 

intermediate in intensity on T2-weighted images.47  The epiglottic cartilage demonstrated an 

intermediate signal intensity on T1-weighted images and higher intensity on proton density and 

T2-weighted images. The intrinsic laryngeal muscles were well demonstrated as low intensity 

structures.  In a study by Champsaur and coworkers, eight harvested laryngeal anatomic 

specimens were studied: four in the transverse plane, two in the sagittal plane, and two in the 

frontal plane.46  The MRI and histologic sections were made at the same level through the larynx 

and were of similar slice thickness.   Comparison showed all major anatomic laryngeal structures 

could be identified and excellent correlation existed between the MRI and histologic 

specimens.46 
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MRI OF THE LARYNX IN VETERINARY MEDICINE 

Veterinary laryngeal MR imaging consists of a single report in normal dogs.48  The goal of the 

study was to provide MRI reference images of the canine larynx in the sagittal and transverse 

planes, using a T1-weighted spin-echo sequence.  The dogs were anesthetized and positioned 

into a horizontal bore Toshiba Vectra System with a superconducting magnet operating at a 

magnetic field strength of 0.5 Tesla using a human head radiofrequency coil.  The sequence used 

was spin-echo type T1-weighted with a short pulse repetition time (TR) and a short echo time 

(TE).  Sagittal series were obtained with a TR of 500 msec and TE of 25 msec.  Transverse series 

were obtained with a TR of 450 msec and TE of 25 msec.48 

   

The sagittal views revealed high signal in the epiglottis and corniculate processes of the 

arytenoid cartilages.  The body of the arytenoid cartilage was intermediate in signal intensity.  

The lamina of the cricoid cartilage showed lower signal intensity than the epiglottis.  The 

laryngeal musculature was intermediate in signal intensity and could be clearly differentiated 

from the cartilaginous structures.  The thyroid cartilage was fount to be of low signal intensity 

due to the hyaline composition.  Cavities filled with air, such as the airway lumen, pharynx, and 

nasal passages, corresponded to signal voids.48 

    

The transverse MR images provided a more accurate anatomic representation of the laryngeal 

structures.  In these sequences, all laryngeal cartilages could be differentiated.  The lamina of the 

cricoid and thyroid cartilages were well defined and of low intensity signal.  Adjacent to the 

lamina of the cricoid cartilage, the cricoarytenoideus dorsalis muscle was identified as 

intermediate signal intensity that enhanced the cricoid lamina morphology.  The cartilaginous 
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structures of high signal intensity consisted of the epiglottis, corniculate process, and other areas 

of the arytenoid cartilages.  The vocal folds were clearly defined on the transverse sequences.48 

 

Overall, the study reported that the laryngeal cartilages had different signal intensities based on 

the tissue water content.  The highest signal intensity was shown in the epiglottis and corniculate 

process of the arytenoid cartilages.  The vocal folds were also present with a high intensity tissue 

signal.  The MRI characteristics of these structures were thought to be due to their elastic nature.  

The cricoid and thyroid cartilages contained intermediate signal intensity due to their hyaline 

composition. The study speculated MRI technology to be of value in the diagnostic imaging of 

canine respiratory disease.48 

 

EQUINE LARYNGEAL PATHOLOGY 

 The flexible fiberoptic endoscope has enhanced the examination of the equine larynx.  In 1980, 

arytenoid chondritis in seven thoroughbred horses experiencing exercise intolerance and 

inspiratory dyspnea during exercise was described.49  In 1988, 75 horses with arytenoid cartilage 

abnormalities were endoscopically compared and identified to have asymmetry of the rima 

glottidis and the inability to abduct the affected cartilage.7   

 

Arytenoid chondritis is an infectious, usually progressive, disease in which the affected cartilage 

becomes thickened and distorted.  A septic process gains access to the cartilage and results in 

inflammation and sinus tract formation with recurrent drainage.50,51  Abscessation is common, 

but it is often detected only after it has become organized and has deformed the cartilage.  This 

disease may be unilateral or bilateral with diagnosis established by endoscopic examination to 
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identify axial displacement and the abnormal appearance of a thickened arytenoid.50  Palpation 

via a laryngotomy and radiography may also be used to detect arytenoid deformities.  

Radiographic changes of the larynx that occur in the condition of arytenoid chondritis include 

enlargement and increased density of the arytenoid cartilage with abnormal patterns of 

dystrophic mineralization or osseous metaplasia.52,53   These radiographic findings must be 

interpreted with caution because it has also been reported that ossification of the laryngeal 

cartilages may occur naturally with age in the horse.53  Radiographic abnormalities are not 

pathognomonic of laryngeal dysfunction.  

 

The management of arytenoid chondritis consists of arytenoidectomy or debridement of infected 

arytenoid tissue.  Severely thickened arytenoid cartilages must be removed.3-6  Partial 

arytenoidectomy removes all of the arytenoid except the muscular process.6  A 1988 study by 

Tulleners, et al., reported that 45% of thoroughbred racehorses and 20% of standardbred horses 

raced successfully after a partial arytenoidectomy.7  Recent literature indicates a more optimistic 

success rate of 60%-80% return to racing is possible.1,2   

 

Sullins reported an endoscopically guided minimally invasive laser-assisted debridement of 

infected cartilages that were not permanently deformed.9  A stab incision is made in the 

cricothyroid membrane for insertion of a trocar to transmit a laser fiber and instruments to be 

guided endoscopically to debride the arytenoid lesion.8,9 This procedure is performed in the 

standing horse with minimal post-operative healing time and has a very high success rate.  Case 

selection is critical; the limitation of this technique is that it is effective only when arytenoid 

mobility can be regained.  Acute swelling can subside, and abscesses can be drained, but it can 
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be difficult to determine whether moderately affected cartilages can be salvaged.8,9    The use of 

MRI may help identify irreversible lesions. 

 

      

 

 

FOOTNOTES 

a Equiscan 3000, Hallmarq Veterinary Imaging Limited, Surrey, England. 
b Magnetom Vision-Sonata horizontal long-bore, Siemens Medical Solutions Inc., Malvern, PA, 

19355, USA. 
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Abstract 

 

Objective:  To establish the appearance of normal equine laryngeal cartilages as detected by 

magnetic resonance imaging.  

 

Animals:  Specimens were acquired from clinically normal horses that were euthanized for 

reasons other than respiratory disease.   

 

Procedure:  Three in situ and 5 ex vivo larynges were imaged using a 0.3 Tesla system.  Images 

were obtained in the transverse plane using T1-weighted 3D spin echo, T2-weighted 3D spin 

echo, T2-weighted gradient echo, short tau inversion recovery (STIR), and proton density spin 

echo sequences.  Five ex vivo larynges were also imaged in the transverse plane using the 1.5 

Tesla sequences including T1-weighted 3D spin echo, T2-weighted 3D turbo-spin echo, turbo 

inversion recovery (TIRM), and proton density spin echo sequences.  A frozen gross laryngeal 

specimen was sliced in 5-mm transverse sections for comparison to the MR images.   

 

Results:  A high correlation was found between MR images and the gross transverse sections.  

Successful imaging was accomplished using both imaging systems; however, the 1.5 Tesla 

system yielded superior image resolution.  The 0.3 Tesla imaging system could accommodate the 

intact equine head, which was not possible using the 1.5 Tesla MRI system.  The internal 

morphology of the laryngeal cartilages was clearly identified on all imaging sequences obtained.  

Cartilages were found to differ in signal intensity based on the tissue composition and imaging 

sequences performed.   
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Conclusion:  MRI was determined to be a useful imaging modality for evaluating the cartilage 

morphology of the equine larynx. 
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Introduction 

 
Disease of the equine larynx limits performance by causing exercise intolerance and abnormal 

upper respiratory noise.  Traditional evaluation of the equine larynx is based on physical 

examination, upper airway endoscopy, and radiography.  While these diagnostic tools are used to 

diagnose certain laryngeal disorders, the majority of the structure of the laryngeal cartilages 

cannot be thoroughly evaluated. 

 

Arytenoid chondritis is an acute or chronic, often progressive bacterial infection that results in 

thickening of the arytenoid cartilage and airway obstruction.  Affected horses experience 

exercise intolerance and abnormal respiratory noise and complete airway obstruction is possible 

in advanced disease states or during strenuous exercise.  Traditional treatment has been partial 

arytenoidectomy with the horse under general anesthesia.1-6  Although racing is possible 

following arytenoidectomy, the procedure has potential complications and is costly.1,2,7  An 

alternative minimally invasive procedure consisting of laser-assisted debridement has been 

reported in the standing horse if the condition is recognized before permanent arytenoid 

deformity has occurred.8,9  Case selection is critical; the diagnostic challenge lies in determining 

the extent of arytenoid deformity in marginal cases.  Endoscopy, radiology, and ultrasound have 

not fulfilled this need.  Magnetic resonance imaging (MRI) has previously has led to advances in 

equine orthopedics and its application to the equine larynx would prove useful.  MRI of the 

equine larynx would improve current diagnostic ability, limit invasive treatment techniques, and 

aid in the decision to debride or remove an affected arytenoid cartilage.   
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Magnetic resonance imaging provides a detailed depiction of the morphology and composition of 

the tissue based on hydrogen content.10  Images are produced in gray scale with specific 

intensities of signal based on the tissue composition.  Normal MRI characteristics of the larynx 

have been reported in human and veterinary medicine.  MRI has been found very useful in 

delineating muscle planes, mucosal surfaces, and calcified laryngeal cartilage lamina.  In humans 

and canines, noncalcified laryngeal hyaline cartilage is reported to be of intermediate signal 

intensity.11-13  The epiglottis is composed of fibroelastic cartilage and is of intermediate to high 

signal intensity.11-13  High signal intensity is reported to be present along the surface of the 

laryngeal lumen due to the presence of the mucosal lining, which has a higher hydrogen 

concentration than the deeper cartilaginous structures.13-15  Calcified laryngeal cartilage, such as 

is found in the thyroid, cricoid, and arytenoid cartilages, is reported to be of low signal intensity, 

with increased signal within the medullary space due to the presence of fat.11-15  The aryepiglottic 

folds are largely composed of mucosal tissue covering a fatty infrastructure and are viewed as 

high intensity signal.14 

 

Previous reports of MRI of the equine larynx do not currently exist.  The magnet configuration 

and field strength are limited in equine veterinary medicine to equipment that is available in a 

clinical setting.  The purpose of the study reported here was to acquire clinically useful MR 

images of the normal equine larynx using the 0.3 Tesla permanent open magnet MRI system that 

is currently available in clinical practice.  Images were also obtained using a 1.5 Tesla 

superconducting horizontal magnet for comparison.  The images acquired were compared with 

similar slices of a gross anatomic specimen.  The intent of this study was to evaluate MRI 

imaging of the normal equine larynx, so the severity of internal laryngeal cartilage lesions could 
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be determined in clinical cases.  We hypothesized that MRI would offer a useful, noninvasive 

means for evaluation of the morphology of the equine laryngeal cartilages and that the images 

obtained would correlate well with gross anatomic specimens.  An objective of the study was to 

devise a diagnostic standard for normal magnetic resonance imaging to provide a comparison for 

laryngeal disease. 
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Materials and methods 

 

Specimens were obtained from hospital cases that were euthanized for reasons unrelated to 

respiratory disease.  Specimens were harvested promptly after euthanasia and verified to have 

grossly normal laryngeal anatomy.  Heads were harvested at the mid-cervical area and frozen at  

-20°C until thawed for imaging.  Ex vivo larynges including extrinsic musculature and proximal 

trachea were harvested.  Larynges were also frozen at -20°C until thawed for imaging.  Three in 

situ larynges and 5 ex vivo larynges were imaged using a 0.3 Tesla MRI systema and 5 ex vivo 

larynges were imaged using a 1.5 Tesla MRI systemb.  

 

The 0.3 Tesla systema consisted of a permanent open magnet (C-shaped) operating at a magnetic 

field strength of 0.3 Tesla.  For the in situ specimens, a circular-polarized, transmit and receive 

equine hoof radio-frequency coilc was positioned on the ventral aspect of the throat and centered 

over the larynx.  A flexible, saddle configuration radio-frequency surface coil was also 

developed for use in the study to reduce the signal-to-noise ratio and improve image resolution.  

The saddle coil was contoured to the ventral aspect of the throat and encompassed the lateral and 

ventral sides of the larynx.  Each head was positioned so that the larynx was within the isocenter 

of the magnet.  The long axis of the neck was placed perpendicular to the long axis of the magnet 

to mimic the clinical scenario for anesthetized horses.  Images were acquired in the transverse 

plane using an image acquisition matrix of 256 x 256 pixels with a field of view of 16.9 cm.   

Sequences performed consisted of T1-weighted 3D spin echo, T2-weighted 3D spin echo, T2-

weighted gradient echo, proton density spin echo, and short tau inversion recovery (STIR). The 

T1-weighted 3D spin echo pulse sequence had a short pulse repetition time (TR) of 23 ms and 
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short echo time (TE) of 7 ms with a slice thickness of 4 mm.  The T2-weighted 3D spin echo 

pulse sequence had a long TR of 1800 ms and a short TE of 30 ms with a slice thickness of 4 

mm.  T2-weighted gradient echo pulse sequence had a short pulse repetition time TR of 34 ms 

and short echo time TE of 13 ms with a slice thickness of 4 mm.  The proton density spin echo 

pulse sequence had a long TR of 1100 ms and a short TE of 24 ms with a slice thickness of 3 

mm.  The short tau inversion recovery STIR sequence had a long TR of 1800 ms and a short TE 

of 28 ms with a 5 mm slice thickness. 

  

Five ex vivo larynges were also imaged with the 0.3 Tesla magneta.  Each specimen was placed 

in the center of a circular-polarized, transmit and receive equine hoof radio-frequency coilc and 

positioned so that the larynx was within the isocenter of the magnet.  The images were acquired 

in the transverse plane, but sagittal images were acquired for referencing.  The image acquisition 

matrix for all transverse series was 256 x 256 pixels.  T1 and T2 sequences had a field of view of 

17 cm and slice thickness of 4 mm with 24 slices made in a transverse plane.  The proton density 

and inversion recovery series had a slightly larger field of view of 19.2 cm with slice thickness of 

3 mm and 5 mm respectively, with 8 slices made in the transverse plane through each specimen.  

Sequences performed consisted of T1-weighted 3D spin echo, T2-weighted 3D spin echo, T2-

weighted gradient echo, proton density spin echo, and short tau inversion recovery STIR. The 

T1-weighted 3D spin echo pulse sequence used had a short pulse repetition time TR of 23 ms 

and short echo time TE of 7 ms.  The T2-weighted 3D spin echo pulse sequence used had a long 

TR of 1800 ms and a short TE of 30 ms.  T2-weighted gradient echo pulse sequence had a short 

pulse repetition time TR of 34 ms and short echo time TE of 13 ms.  The proton density spin 
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echo pulse sequence used had a long TR of 1000 ms and a short TE of 25 ms.  The short tau 

inversion recovery STIR sequence had a long TR of 1800 ms and a short TE of 28 ms. 

 

Five ex vivo larynges were also imaged using a superconducting magnetb, operating at a 

magnetic field strength of 1.5 Tesla.  Each larynx was placed longitudinally into a circular-

polarized, transmit and receive radio-frequency extremity coild and the images were acquired in 

the transverse plane; sagittal images were acquired for referencing the position of the transverse 

sections.  The image acquisition matrix for the T1 and T2 transverse series was 259 x 320 pixels 

with a field of view of 18 cm. This configuration generated voxel sizes of .6 x .6 x 4 mm.  The 

proton density and inversion recovery series had a slightly larger voxel size of .9 x .7 x 4 mm 

and .7 x .7 x 4 mm respectively.  Slice thickness was standardized at 4 mm for all specimens and 

21 slices were made in a transverse plane through each specimen.  Sequences performed 

consisted of T1-weighted 3D spin echo, T2-weighted 3D turbo-spin echo, proton density spin 

echo, and a turbo inversion recovery (TIRM) with a slice selective inversion pulse of 150ms. The 

T1-weighted 3D spin echo pulse sequence used had a short pulse repetition time TR of 519 ms 

and short echo time TE of 15 ms.  The T2-weighted turbo-spin echo pulse sequence used had a 

long TR of 5000 ms and a long TE of 109 ms.  The proton density spin echo pulse sequence used 

had a long TR of 2000 ms and a short TE of 20 ms.  The inversion recovery sequence TIRM had 

a long TR of 4680 ms and a short TE of 24 ms. 
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Results 

 

0.3 Tesla system and in situ larynges 

The 0.3 Tesla imaging systema was found to produce an accurate anatomic depiction of the 

equine larynx in situ, using the T1-weighted 3D spin echo, T2-weighted 3D spin echo, T2-

weighted gradient echo, proton density spin echo, and short tau inversion recovery STIR 

sequences.  The width of the open permanent magnet was limited to 23 cm, which restricted the 

size of equine head to be imaged.  The equine hoof radio-frequency coil functioned adequately as 

a surface coil when applied to the ventral aspect of the throat.  The flexible, saddle configuration 

radio-frequency surface coil proved to be nonfunctional due to failure of calibration with the 0.3 

Tesla imaging system.  Acquired images from the 0.3 Tesla imaging systema accurately 

identified most laryngeal structures; however, image resolution substantially decreased as tissue 

depth increased.  The T1-weighted 3D spin echo sequence subjectively produced the highest 

image resolution and structural definition.  T1-weighted 3D spin echo sequences were also the 

least susceptible to loss of image resolution due to increased tissue depth.  Despite lower image 

resolution, the in situ MR images correlated well with signal intensity characteristics of the ex 

vivo larynges in both systems.    

  

0.3 Tesla system and ex vivo larynges 

The 0.3 Tesla imaging systema produced image quality, resolution, and tissue contrast that was 

superior in the ex vivo larynges compared to the in situ specimens based on subjective 

evaluation.  The equine hoof radio-frequency coil accommodated the ex vivo larynx well and 

tissue depth did not affect image resolution. The laryngeal structures viewed with the T1-
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weighted 3D spin echo, T2-weighted 3D spin echo, T2-weighted gradient echo, proton density 

spin echo, and short tau inversion recovery STIR sequences were found to have consistent MR 

signal intensity characteristics of each structure imaged.  The signal characteristics correlated 

well with images produced from the 1.5 Tesla systemb.  Anatomic structures were accurately 

depicted and cartilage morphology was easily evaluated.  T1-weighted 3D spin echo imaging 

subjectively produced greater resolution and definition of normal laryngeal structures, but was 

found to lack image contrast compared to the T2-weighted and inversion recovery sequences. 

T2-weighted 3D spin echo and inversion recovery sequences were very similar in appearance 

and provided the highest image contrast.  Proton density sequences yielded similar tissue 

resolution when compared to the T1-weighted sequences, but had the least tissue contrast of the 

sequences evaluated.  All acquired 0.3 Tesla images proved to have excellent correlation with 

gross anatomic specimens.   

 

1.5 Tesla system and ex vivo larynges 

The 1.5 Tesla systemb was found to produce high anatomic resolution of the ex vivo equine 

larynges; however, the machine could not accommodate the entire equine head for in vivo MRI.  

Acquired images accurately and clearly identified the individual laryngeal structures on all 

imaging sequences and produced consistent MR signal characteristics of the specific structure.  

The image quality, resolution, and tissue contrast were found to be superior to the in situ and ex 

vivo larynges of the 0.3 Tesla system based on subjective comparison of the acquired images. 

Differentiation of normal anatomic structures and image resolution was superior with T1-

weighted 3D spin echo imaging sequences.  Contrast between the laryngeal cartilages and the 

surrounding soft tissue was enhanced by the T2-weighted, inversion recovery, and proton density 
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sequences when subjectively compared to the T1 weighted sequences.  T2-weighted turbo-spin 

echo and turbo inversion recovery (TIRM) sequences were found to be very similar in signal 

characteristics.  Proton density spin echo sequences were found to be the least desirable images 

evaluated and had lower anatomic resolution and decreased tissue contrast.  All acquired 1.5 

Tesla MR images proved to have excellent correlation with gross anatomic specimens.     

 

MRI signal characteristics of laryngeal structures 

The equine larynges were well evaluated with both imaging systems.  The mucosa was a thin 

margin of high signal intensity enclosing the perimeter of the airway lumen and was similar in all 

imaging sequences.  The cricoid cartilage lamina was clearly defined as a continuous ring of 

intermediate to low signal intensity, surrounding the caudal laryngeal lumen (Figure 1).  The 

dorsal spine of the cricoid cartilage provided a reference point.  The cricoid cartilage lamina on 

T2-weighted, proton density, and inversion recovery sequences contained low signal compared 

to the T1-weighted sequences (Figure 2, 3).  The MRI representation of the cricoid cartilage 

correlated well with the gross anatomic sectioned specimen (Figure 4).   

 

The arytenoid cartilages were well defined structures of varying signal intensity.  The outer 

composition of the arytenoid bodies had a homogenous, intermediate signal on the T1 weighted 

images (Figure 5, 6).  In the center of the arytenoid cartilages, a core increased signal intensity 

represented a small medullary cavity (Figure 5).  The cricoarytenoideus lateralis and 

thyroarytenoideus muscles were homogenous structures of intermediate signal on the T1-

weighted images had increased signal intensity on the T2- weighted and inversion recovery 

sequences (Figure 5, 6, 7).  The dorsal region of the arytenoid cartilages lacked resolution on the 
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in situ specimens (Figure 8).  The MRI representations of the arytenoid cartilages correlated well 

with the gross anatomic specimen (Figure 9).  The linear thyroid cartilage lamina was a low 

signal structure on all imaging sequences.  It also produced bright signal intensity of fat within a 

small medullary cavity most evident on the T2-weighted and inversion recovery sequences 

(Figure 10, 11).  The MR images of the thyroid cartilages correlated well with the gross 

specimens (Figure 12). 

 

 The vocal folds were represented as well defined linear structures with increased signal intensity 

on all imaging sequences. The laryngeal ventricles were very pronounced foci of signal void 

with a high signal mucosal lining (Figure 10, 11, 13).  The laryngeal ventricles were imaged in 

the in situ specimens; however, tissue resolution was poor (Figure 14).  The corniculate 

processes of the arytenoid cartilages were elongated structures of variable signal intensity, but 

contained higher signal intensity than the arytenoid body and muscular process on all imaging 

sequences (Figure 15, 16, 17).  Excellent correlation was produced between the MR images of 

the corniculate processes and the gross specimens (Figure 18).    
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Discussion 

 

MRI was a useful modality for the evaluation of the internal morphology of the equine laryngeal 

cartilages in situ and ex vivo.  The 0.3 Tesla imaging systema was chosen due to its current 

availability in equine clinical practice.  The aim of this study was to produce laryngeal MR 

images that could be duplicated with anesthetized horses in a clinical setting.  This goal was 

accomplished with the 0.3 Tesla system and in situ larynges.  The in situ laryngeal specimens 

provided an accurate model that can be applied for imaging of the anesthetized patient.  The 

open magnet of the 0.3 Tesla MRI system accommodated an equine head of 23 cm or less in 

width, which is similar to the dimensions of a racing Thoroughbred.  The in situ and ex vivo 

laryngeal specimens were frozen and thawed once prior to imaging.  The effect of freezing and 

thaw on tissue MRI characteristics and the resulting images was not known and may have 

effected the results of the study.  Different laryngeal specimens were used in each imaging phase 

of the study, which minimized the tissue effect of repetitive freezing and thaw.      

 

Limitations of the 0.3 Tesla imaging system and in situ larynges occurred due to decreased 

image resolution as distance from the coil increased since it was not possible to position the in 

situ specimen and the radio-frequency coil into the isocenter of the magnet simultaneously.  This 

limitation proved detrimental to image quality and would likely be improved with an alternative 

coil configuration.  One such alternative has been reported in human literature and consists of a 

solenoidal surface coil wrapped around the neck.11,16  The solenoidal surface coil is commonly 

implemented in human laryngeal MRI and fulfills the imaging criteria that the axis of the surface 

coil must be orthogonal to the axis of the main magnetic field.11,17  The solenoidal configuration 
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is reported to significantly improve the signal-to-noise ratio over standard human head and neck 

coils by 45% - 48%.11  A second radio-frequency surface coil that is reported to significantly 

decrease the signal-noise ratio is the saddle configuration.11  The saddle coil encompasses the 

larynx on the lateral and ventral sides and when positioned within the isocenter of the magnet, 

image production is reported to be superior compared to standard coil configurations.  In 

preparation for the study reported here, a saddle configuration radio-frequency coil was 

developed.  The coil proved to be ineffective and non-functional due to coil positioning issues 

and difficulty in calibration with the 0.3 Tesla system.  Therefore, the developed saddle 

configuration coil was excluded from the results of the present study.          

 

Internal morphology of the equine ex vivo larynges were evaluated with the 0.3 Tesla and the 1.5 

Tesla imaging systems.  As mentioned previously, the 0.3 Tesla system is readily available to the 

equine clinician in veterinary practice; therefore, an need to define normal MRI laryngeal 

anatomy for that system exists.  The 1.5 Tesla imaging system was included in the study for 

comparison because the system is the current medical standard for human laryngeal imaging.18  

The 1.5 Tesla system would not accommodate equine larynges in situ, was a disadvantage 

compared to the 0.3 Tesla system.  The equine hoof radio-frequency coilc and the circular-

polarized, transmit and receive radio-frequency extremity coild, were both found to 

accommodate the ex vivo laryngeal specimens.  Both systems produced clear, diagnostic quality 

images; however, tissue resolution, contrast, and detail were improved with the 1.5 Tesla system. 

The study reported here was consistent with human literature that reports improvement in image 

quality with increasing magnetic field strength.  An ex vivo, human study was conducted using a 

2.35 Tesla MR imaging system and ex vivo laryngeal specimens to compare the effect of 
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increased magnetic field strength on laryngeal images.  A higher field strength using the 2.35 

Tesla magnet produced T2-weighted images with superior resolution and improved tissue 

contrast than the T1-weighted images.19  The findings of the present study are consistent with 

those reported by Kikinis et al. in that the T2-weighted imaging sequences acquired with the 1.5 

Tesla system were found to have the highest level of image contrast when compared to the T1-

weighted images and to all of 0.3 Tesla system acquired images.     

 

Optimum MR imaging protocols for the human larynges have been documented.  An 

intermediate 256 x 256 acquisition matrix is preferred in human medicine for imaging the 

laryngeal structures; therefore, the same acquisition matrix was chosen for the study reported 

here.20  T1-weighted 3D spin echo MR images are reported to be the most helpful in defining 

normal human laryngeal anatomy.11,20  The study reported here correlated with previous reports 

in that T1-weighted images had superior tissue resolution and structural definition.  However, 

image contrast was better expressed subjectively with T2-weighted and inversion recovery 

techniques.  Previous reports considered it desirable to reduce the field of view as much as 

possible to improve spatial resolution.14  This principle was applied in the current study by 

limiting the field of view to 16 – 18 cm.  Slice thickness is reported to be approximately 4 mm 

for most MRI laryngeal applications.12  Other reports exist that promote a slice thickness of 3 – 5 

mm for optimum results.18,20  The study reported here adhered to this recommendation and 

consisted of a limited slice thickness range of 3 mm – 5 mm.  T2-weighted transverse imaging 

sequences are reported to provide less spatial resolution, but have been shown to be useful in 

defining the interface between deep extension of neoplasia and the surrounding normal soft 

tissue structures.12  In the current study, the T2-weighted images had improved contrast when 
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subjectively compared to the other imaging sequences, a characteristic that may be helpful in 

localizing laryngeal pathology.   

 

The in situ and ex vivo equine larynges were found to have consistent MRI signal intensity 

characteristics between imaging systems.  Individual cartilage types were found to have 

consistent MRI characteristics when imaged with each sequence.  Hyaline cartilage and 

fibroelastic cartilage compose the larynges of the horse and vary in degree of ossification.21,22  

Hyaline cartilage has low hydrophilic capacity and low hydrogen proton density and therefore, 

has a relatively low MR signal intensity.13  Fibroelastic cartilage has a substantial hydrogen 

proton content and relatively high MR signal intensity.13  Noncalcified hyaline cartilage is 

reported to be of intermediate signal intensity and closely approximates the subcutaneous tissue 

and submucosal connective tissue.11-13  The results of the study reported here are consistent with 

these previously reported findings.   

 

The cricoid, thyroid, and majority of the arytenoid cartilages have been shown to undergo 

variable age related ossification and are composed of hyaline cartilage.21-25  Calcified laryngeal 

cartilage is reported to be of low signal intensity, with increased signal within the medullary 

space due to the presence of intra-medullary fat.11,12,14,15  The characteristic of increased signal 

within the medullary space of the thyroid and arytenoid cartilages were observed in the present 

study.  The thyroid cartilage had an inverted V configuration when viewed on transverse MR 

images and, as reported previously in the human and veterinary literature, was characterized by a 

trilaminar appearance.13,14,26  The thyroid cartilage appeared irregular depending on the age of 

the patient and the pattern of calcification as reported in previous studies.26   
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The epiglottis and corniculate process of the arytenoid cartilages are composed of fibroelastic 

cartilage and are reported to be of high signal intensity.11,12  Bright signal intensity was reported 

to be present along the surface of the laryngeal lumen due to the presence of the mucosal lining, 

which has a higher hydrogen concentration than the deeper cartilaginous structures.13-15  This 

finding was also verified in the study reported here.   

 

The correlation between human MRI laryngeal anatomy and anatomic specimens has been 

reported in several studies.24,27  A study by Sakai and coworkers compared the normal MRI 

anatomy of the human larynx at a high field strength of 1.5 Tesla in 2 normal excised larynges 

and 62 subjects without laryngopharyngeal disease24. The transversely sectioned laryngeal 

specimens had excellent correlation to the acquired MR images.  In a study by Champsaur and 

coworkers, eight harvested laryngeal anatomic specimens were studied with histological sections 

made at the same level through the larynx and were of similar slice thickness27.   When 

compared to the histologic sections of this region, it was determined that all major anatomic 

laryngeal structures could be identified and there was excellent correlation between the two 

modalities.  The results of this study support earlier reports in the human literature and found an 

excellent correlation of the MR images of ex vivo larynges with anatomic specimens. 

 

In summary, MRI was determined to be an effective, noninvasive means of evaluation of the 

internal morphology of the equine larynges.  The MRI characteristics of specific equine 

laryngeal structures were consistent with previous reports in the human and veterinary literature 

and correlated well with gross anatomic specimens.  The technique will be useful in the clinical 
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setting in determining extent and severity of equine laryngeal pathology in such conditions as 

arytenoid chondritis. 

 

 

   

Footnotes 

a Equiscan 3000, Hallmarq Veterinary Imaging Limited, Surrey, England. 

b Magnetom Vision-Sonata horizontal long-bore, Siemens Medical Solutions Inc., Malvern, PA, 

19355, USA.  

c Equine hoof radio-frequency coil, Hallmarq Veterinary Imaging Limited, Surrey, England.  

dCircular-polarized, transmit and receive radio-frequency extremity coil, Siemens Medical 

Solutions Inc., Malvern, PA, 19355, USA. 
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LIST OF FIGURES                                                                Page 

Figure 1:  1.5 Tesla MRI T1-weighted 3D spin echo transverse image through the                    50 

caudal larynx at the level of the cricoid and thyroid cartilages of an ex vivo specimen: 

(a) Cricoid cartilage, dorsal spine; (b) Cricoid cartilage, ventral lamina; (c) Laryngeal 

 cavity; (d) Laryngeal mucosa; (e) Thyroid cartilage lamina; (f) Esophagus;  

(g) Cricothyroideus m. and submucosa; (h) Sternohyoideus m.  

 

Figure 2:  0.3 Tesla MRI T2-weighted 3D spin echo transverse image through the                    50 

caudal larynx at the level of the cricoid and thyroid cartilage of an ex vivo specimen:  

(a) Cricoid cartilage, dorsal spine; (b) Cricoid cartilage, ventral lamina; (c) Laryngeal 

 cavity; (d) Laryngeal mucosa; (e) Thyroid cartilage lamina; (f) Esophagus;  

(g) Cricothyroideus m. and submucosa. 

 

Figure 3:  1.5 Tesla MRI T2-weighted turbo-spin echo transverse image through the                51 

caudal larynx at the level of the cricoid and thyroid cartilage of an ex vivo specimen: 

(a) Cricoid cartilage, dorsal spine; (b) Cricoid cartilage, ventral lamina; (c) Laryngeal 

 cavity; (d) Laryngeal mucosa; (e) Thyroid cartilage lamina; (f) Esophagus; 

(g) Cricothyroideus m. and submucosa; (h) Sternohyoideus  m.   

 

Figure 4:  Gross anatomic specimen through the cricoid cartilage of the caudal larynx:             51  

(a) Cricoid cartilage, dorsal spine; (b) Cricoid cartilage, ventral lamina; (c) Laryngeal 

cavity; (d) Laryngeal mucosa; (e) Thyroid cartilage lamina; (f) Esophagus; 

(g) Cricothyroideus m. 
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Figure 5:  1.5 Tesla MRI T1-weighted 3D spin echo transverse image through the                    52 

caudal arytenoid region of an ex vivo laryngeal specimen:  (a) Arytenoid cartilage;  

(b) Arytenoid medullary cavity; (c) Laryngeal cavity; (d) Thyroarytenoideus m.; 

(e) Thyroid cartilage lamina; (f) Esophagus; (g) Thyropharyngeus m.; 

 (h) Sternohyoideus  m.   

 

Figure 6:  0.3 Tesla MRI T1-weighted 3D spin echo transverse image through the                    52 

 caudal arytenoid region of an ex vivo laryngeal specimen:  (a) Arytenoid cartilage; 

(b) Arytenoid medullary cavity; (c) Laryngeal cavity; (d) Thyroarytenoideus m.; 

(e) Thyroid cartilage lamina; (f) Esophagus; (g) Thyropharyngeus m. 

 

Figure 7:  1.5 Tesla MRI turbo inversion recovery (TIRM) image through the caudal               53 

arytenoid region of an ex vivo laryngeal specimen:  (a) Arytenoid cartilage; (b) Arytenoid  

medullary cavity; (c) Laryngeal cavity; (d) Thyroarytenoideus m.; (e) Thyroid cartilage  

lamina; (f) Esophagus; (g) Thyropharyngeus m.; (h) Sternohyoideus  m.   

 

Figure 8:  0.3 Tesla MRI T1-weighted 3D spin echo transverse image through the                    53 

 caudal arytenoid region of an in situ laryngeal specimen:  (a) Arytenoid cartilage;  

(b)  Laryngeal cavity; (c) Thyroarytenoideus m.; (d) Thyroid cartilage lamina; (e) 

Thyropharyngeus m.; (f) Caudal extent of laryngeal ventricle. 
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Figure 9:  Gross anatomic laryngeal specimen through the caudal arytenoid region:                  54  

(b) Arytenoid cartilage; (b) Arytenoid medullary cavity; (c) Laryngeal cavity; (d)  

Thyroarytenoideus m.; (e) Thyroid cartilage lamina; (f) Esophagus.   

 

Figure 10:  1.5 Tesla MRI T1-weighted 3D spin echo transverse image through the                  54 

central portion of an ex vivo larynx in the area of the ventricles:  (a) Arytenoid cartilage; 

(b) Laryngeal cavity; (c) Laryngeal ventricle; (d) Thyroid cartilage lamina; (e) Vocal  

fold; (f) Thyropharyngeus m.; (g) Sternohyoideus  m.   

   

Figure 11:  1.5 Tesla MRI T2-weighted turbo-spin echo transverse image through the              55 

 central portion of an ex vivo larynx in the area of the ventricles:  (a) Arytenoid cartilage;  

(b) Laryngeal cavity; (c) Laryngeal ventricle; (d) Thyroid cartilage lamina; (e) Vocal 

fold; (f) Thyropharyngeus m.; (g) Sternohyoideus  m.   

 

Figure 12:  Gross anatomic specimen through the central portion of the larynx in the                55 

area of the ventricles:  (a) Arytenoid cartilage; (b) Laryngeal cavity; (c) Thyroid  

cartilage lamina; (d) Vocal fold; (e) Esophagus; (f) Thyroarytenoideus m. 

 

 Figure 13:  0.3 Tesla MRI T1-weighted 3D spin echo transverse image through the                 56  

central portion of an ex vivo larynx in the area of the ventricles:  (a) Arytenoid  

cartilage; (b) Laryngeal cavity; (c) Laryngeal ventricle; (d) Thyroid cartilage lamina; 

 (e) Vocal fold. 
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Figure 14:  0.3 Tesla MRI T1-weighted 3D spin echo transverse image through the                  56 

central portion of an in situ larynx in the area of the ventricles:  (a) Arytenoid  

cartilage; (b) Laryngeal cavity; (c) Laryngeal ventricle; (d) Thyroid cartilage lamina; 

(e) Vocal fold. 

   

Figure 15:  1.5 Tesla MRI T1-weighted 3D spin echo transverse image through the                  57 

rostral portion of  an ex vivo larynx at the corniculate processes:  (a) Corniculate  

process of the arytenoid cartilage; (b) Laryngeal cavity; (c) Thyroid cartilage lamina; 

(d) Hyopharyngeus m.; (e) Sternohyoideus  m.   

 

Figure 16:  0.3 Tesla MRI proton density image through the rostral portion of an ex vivo         57 

larynx at the corniculate processes:  (a) Corniculate process of the arytenoid cartilage;  

(b) Laryngeal cavity; (c) Thyroid cartilage lamina; (d) Hyopharyngeus m. 

 

Figure 17:  1.5 Tesla MRI inversion recovery (TIRM) transverse image through the                 58 

rostral portion of  an ex vivo larynx at the corniculate processes:  (a) Corniculate process  

of the arytenoid cartilage; (b) Laryngeal cavity; (c) Thyroid cartilage lamina;  

(d) Sternohyoideus  m.   

 

Figure 18:  Gross anatomic laryngeal specimen through the rostral portion of the larynx           58 

at the corniculate processes:  (a) Corniculate process of the arytenoid cartilage;  

(b) Laryngeal cavity; (c) Thyroid cartilage lamina; (d) Hyopharyngeus m. 
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Figure 1:  ex vivo 

 

Figure 2:  ex vivo 
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Figure 3:  ex vivo 

 

 

Figure 4:  ex vivo 
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Figure 5:  ex vivo 

 

Figure 6:  ex vivo 
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Figure 7:  ex vivo 

 

 

Figure 8:  in situ 
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Figure 9:  ex vivo 

 

 

Figure 10:  ex vivo 
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Figure 11:  ex vivo 

 

 

Figure 12:  ex vivo 
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Figure 13:  ex vivo 

 

 

Figure 14:  in situ 
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Figure 15:  ex vivo 

 

 

Figure 16:  ex vivo 
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Figure 17:  ex vivo 

 

 

Figure 18:  ex vivo 
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CONCLUSION 

The 1.5 Tesla Siemens horizontal long-bore Vision-Sonatab MRI system was found to produce 

the highest subjective level of anatomical resolution.  The 0.3 Tesla Hallmarq Equiscan 3000 a  

allowed imaging of the larynges in situ and was the most relevant to clinical equine practice.  

Differentiation and resolution of normal anatomical structures was subjectively superior with T1-

weighted spin echo imaging sequences.  T2-weighted sequences and inversion recovery (TIRM 

and STIR) sequences were found to be very similar in the images produced.  Compared to the 

T1-weighted spin echo sequences, they offered improved tissue contrast.  The equine larynges 

were represented by MRI imaging due to the density of tissue hydrogen present.  MR imaging of 

the larynges was predictable and consistent in signal intensity based on the tissue composition 

and had excellent correlation with gross anatomic specimens.  In summary, MRI was determined 

to be an effective, noninvasive means for evaluation of the internal morphology of the equine 

larynges.  The technique will be useful in the clinical setting in determining extent and severity 

of equine laryngeal pathology in such conditions as arytenoid chondritis. 

 

 

 

 

 

 

 

 


