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Abstract
Objective Acute traumatic injuries to the larynx, including fractures of the hyoid bone, cricoid, and thyroid cartilage, are
uncommon injuries. The purpose of this study was to assess fracture and soft tissue patterns associated with laryngeal trauma.
Methods This was a retrospective review of patients with laryngeal fractures who presented to two level I trauma centers and
underwent CT imaging. Imaging findings, including fractures of the cartilaginous structures of the larynx and hyoid bone, and
soft tissue abnormalities including focal hematoma, edema with non-focal hemorrhage, and additional penetrating injuries were
recorded. Frequencies of fracture patterns were recorded.
Results Thyroid cartilage fractures were most frequently observed occurring in 45/55 patients, followed by cricoid fractures in
13/55 patients. Hyoid fractures were encountered in 8/55 patients. Multi-site fractures were observed in 12/55 patients with
thyroid-cricoid fractures occurring in 8/12 patients, followed by thyroid-hyoid fractures in 2/12 patients. Most multi-site fractures
occurred in association with focal supraglottic hematomas (10/12), supraglottic edema and non-focal hemorrhage (11/12), and
focal subglottic hematoma (5/12). All 13 cricoid fractures occurred with either focal supraglottic hematoma (7), focal subglottic
hematoma (4), or edema with non-focal hemorrhage (13).
Conclusions Thyroid cartilage fractures were the most frequently encountered fracture, followed by cricoid cartilage fractures.
Cricoid fractures always occurred with soft tissue abnormalities. Recognition of fracture patterns in the setting of laryngeal
trauma and associated patterns of soft tissue injury is important for practicing radiologists for early diagnosis of these conditions
and reduction of associated morbidity.
Key Points
• Acute fractures to the larynx may be isolated fractures or occur as multi-focal fractures.
• Thyroid cartilage fractures are the most frequent fractures followed by cricoid cartilage fractures.
• Cricoid cartilage fractures always occurred in association with soft tissue abnormalities.
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CT Computed tomography
CTA Computed tomography angiogram
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Introduction

Acute injuries to the larynx, including fractures of the hyoid
bone, thyroid, and cricoid cartilages, are uncommon injuries
occurring in approximately 1/5,000–30,000 emergency room
visits in the USA [1–3]. Mortality has been associated with
both blunt and penetrating traumatic injuries to the larynx
related to acute airway obstruction. Morbidity from traumatic
injuries to the larynx is associated with aspiration, inability to
maintain an adequate airway, and phonation complications
occurring in up to 37% of patients [4]. However, because
these traumatic injuries to the larynx often occur with addi-
tional injuries, including intracranial and cervical spine inju-
ries, traumatic injuries to the larynx are often overlooked [5].

Radiologists play an important role in the initial evaluation
of patients with traumatic injuries to the head and neck. CT
remains a conventional imaging approach for the evaluation
of patients with traumatic injuries, particularly involving the
head and neck. Prior publications on the imaging findings of
laryngeal trauma and laryngeal fracture patterns have largely
been through reports of limited case series and case reports,
likely related to the uncommon incidence of these injuries
[6–13]. Additional literature on laryngeal trauma and the de-
tection of laryngeal fractures has focused on optimizing CT
scanning parameters and reconstruction algorithms to improve
the detection of these entities [14–18].

The purpose of this study was to perform a retrospective
review of patients presenting to two level I trauma institutions
with laryngeal trauma to assess the frequency of fracture in-
juries of the larynx on CT, and to assess patterns of soft tissue
abnormality associated with fracture patterns involving the
hyoid bone, thyroid cartilage, and cricoid cartilage.
Knowledge of patterns of soft tissue abnormality associated
with laryngeal trauma may help identify subtle fractures when
assessing the larynx in the setting of acute trauma.

Materials and methods

Patients

This was a retrospective, IRB-approved study performed at
two level I trauma centers in the same city in the Northeast
United States.

Patients were identified through a keyword search of our
PACS system for “laryngeal trauma” and “laryngeal injury”
over an 18-year period from January 2000 to December 2018.
Inclusion criteria were patients who underwent a CT neck or
cervical spine, in the form of contrast-enhanced neck CT, CT
angiogram of the neck (CTA), and/or non-contrast-enhanced
CT of the neck or cervical spine, for the evaluation of acute
neck and laryngeal trauma at both institutions. Exclusion
criteria included patients who had CT scans, which were

limited by motion or other artifacts precluding a diagnostic
assessment, as well as patients with laryngeal fracture pat-
terns, which were determined not to be acute.

Basic demographic data, mechanism of trauma (blunt versus
penetrating injury), and presenting symptoms including hoarse-
ness, neck pain, neck contusions, stridor, difficulty breathing,
dysphagia, and odynophagia occurring within 24-h of the trauma
were obtained from the medical records and were recorded.

Imaging protocols

CT examinations were obtained on 64-slice MDCT scanners
with slice thickens of 0.625–1.5 mm (LightSpeed VCT; GE
Healthcare with slice thickness 0.625–1.25 mm (n = 27);
Revolution CT; GE Healthcare with slice thickness 1.25–
1.5 mm (n = 26), and Force; Siemens with slice thickness
1.5 mm (n = 2)).

Non-contrast-enhanced CT neck or cervical spine images
were helically acquired (120-kV/auto-mAs) at 1.25-mm-thick
slices obtained from the level of the skull base to the thoracic
inlet. Soft tissue and bone algorithms were available for re-
view with 1.5–2-mm-thick/interval coronal and sagittal
reconstructions.

CTA neck images were obtained from the level of the aor-
tic arch through the superior orbital rim at 0.625–1.25-mm-
thick slices (120-kVp/auto-mAs), following a dose of 80–100
mL of iohexol (Omnipaque, GE Healthcare) or iopamidol
(Isovue, Bracco), 370 mgI/mL administered by a power injec-
tor at a rate of 4–5 mL/s. Coronal and sagittal reformats at 2-
mm-thick slices were reconstructed.

Contrast-enhanced CT neck images were helically ac-
quired (120-kVp/auto-mAs) at 1.25-mm-thick slices obtained
following a 60-s delay following intravenous contrast admin-
istration (80–160 mL of iohexol or iopamidol, 370 mgI/mL)
extending from the level of the skull base to the thoracic inlet.
Soft tissue and bone algorithms were available for reviewwith
2-mm-thick/interval coronal and sagittal reconstructions.

All CT examinations were obtained on patients within the
first 12-h of presentation to the emergency department.

Imaging-based assessment

All exams were reviewed on a PACS system by subspecialty
trained neuroradiologists, including a neuroradiologist with 5
years of practice in neuroradiology and subspecialty training in
neuroradiology, and two neuroradiologists with greater than 20
years of practice in neuroradiology and head and neck imaging.

All patients’ exams were reviewed with reference made to
clinical presentation, and physical exam findings noted for
each patient, as documented in the electronic medical record.
Additionally, the reviewers were aware of the mechanism of
injury. Reference was made to the radiology report that was
dictated at the time of scan acquisition; however, a full review
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and re-interpretation of the imaging findings pertinent to la-
ryngeal trauma was performed for each exam.

As previouslymentioned, patients with fracture deformities
which were deemed not to be acute were excluded from this
study. Factors which excluded patients from a suspected acute
injury included (a) those with prior imaging demonstrating the
same fracture pattern, (b) those with evidence of healing in the
form of bony callus formation, (c) those with no findings to
suggest overlying soft tissue injury and annotations in the
electronic medical record reflecting non-acute symptoms
based on clinical exam.

Soft tissue assessment

Soft tissue abnormalities were also recorded including the
presence of supraglottic edema with non-focal hemorrhage,
focal supraglottic hematoma, subglottic edema with non-
focal hemorrhage, focal subglottic hematoma, soft tissue
swelling and injury to the epiglottis, medialization of the vocal
cord, and laceration to the pharynx and larynx. Focal supra-
and subglottic hematomas were defined as a focal/mass-like
collection with Hounsfield units above 25 HU. Non-focal
hemorrhage with edema was defined as fluid which was
non-mass-like and had Hounsfield units at or less than 25
HU. The frequency of hematoma involving the supraglottic
larynx and the subglottic larynx was reported. Similarly, the
frequency of supra- and subglottic edema with non-mass-like/
non-focal hemorrhage was also reported for each patient.
These patterns of soft tissue abnormality were correlated with
the sites and patterns of fractures involving the hyoid bone,
thyroid cartilage, and cricoid cartilage.

Laryngeal perforations and lacerations were determined by
defects or disruption of the mucosa present on at least 3 con-
secutive CT slices with associated submucosal and subcuta-
neous foci of air.

The assessment for soft tissue abnormality was performed
using soft tissue algorithm reconstructed images and assessed
in the axial, coronal, and sagittal planes.

Fracture assessment

All CT images were reviewed for fractures involving the hy-
oid bone, thyroid cartilage, and cricoid cartilage. The assess-
ment for fractures was performed using bone algorithm recon-
structed images and assessed in the axial, coronal, and sagittal
planes. A fracture was defined as a displaced or non-displaced
lucency extending through the hyoid bone, thyroid cartilage,
or cricoid cartilage present on at least 2 consecutive CT slices.

The locations of these fractures were recorded for each
patient.

Fractures of the thyroid cartilage were categorized as hor-
izontally or vertically oriented with respect to the axial plane.

For fractures which had both vertical and horizontal compo-
nents, these were recorded separately.

Cricoid cartilage fractures were classified as occurring
through the posterior lamina, lateral aspect of the cricoid arch,
or anterior/midline aspect of the cricoid arch. Lateral cricoid
arch fractures were determined as those occurring greater than
0.75 cm lateral to the midplane of the cricoid cartilage in the
axial plane. An assessment for cricothyroid dislocation was
also performed.

Fractures were classified as single-site versusmulti-site and
were described as a percentage of frequency.

All images were retrospectively reviewed by at least two
neuroradiologists and evaluations were based on consensus
agreement.

Statistical analyses

Mann–Whitney U test or one-way analysis of variance was
used to compare patient’s age and Fisher’s exact test was
used to compare the frequency of clinical features (gender,
type of trauma, mechanism of injury, symptom) between
imaging findings (location of hematoma [supraglottic vs.
subglottic], location of edema [supraglottic vs. subglottic],
fracture site [hyoid bone vs. thyroid cartilage vs. cricoid
cartilage], and number of fracture sites [single or. multi-
site]). Fisher’s exact test was also used to compare the
frequency of soft tissue abnormalities between the fracture
site (hyoid bone vs. thyroid cartilage vs. cricoid cartilage] or
the number of fracture site [single or multi-site]). A p value
< 0.05 was considered significant in all analyses. All statis-
tical analyses were performed using SPSS, version 23.0
(SPSS Inc.).

Results

Patient demographics and scan type

A total of 64 patients were identified through our PACS
keyword search; however, 9 patients were subsequently
excluded with 8 patients found to have chronic fractures
based on prior imaging demonstrating the same fracture
pattern and/or evidence of bony callus formation. An ad-
ditional patient was excluded secondary to severe motion
artifact precluding a diagnostic assessment.

Fifty-five patients were included with 47 men and 8 wom-
en, ranging in age from 18–77 years (mean 42.4 years, SD 15
years). Of the 55 patients who underwent neck or cervical
spine CT, 25 patients (45%) had CTA, 19 patients (35%)
had non-contrast-enhanced CT, and 11 patients (20%) had
contrast-enhanced CT.
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Mechanisms of injury

Motor vehicle accidents were the most common mechanism
of injury (n = 17), followed by assault (n = 15) and falls (n =
7). Additional data describing the observed mechanisms of
injury is displayed in Table 1. Most mechanisms of injuries
were blunt trauma (n = 49) with four patients with penetrating
injuries. Two patients were found down, and the mechanism
of trauma was not able to be classified.

Soft tissue abnormalities

Supraglottic soft tissue abnormalities

Supraglottic edema with non-focal hemorrhage was associat-
ed with blunt injuries in 34 patients (70%) and 3 patients with
penetrating injuries (Table 1).

Focal supraglottic hematomas were more frequently seen
in association with multi-site fractures compared to single-site
fractures (83% versus 33%, p = 0.003) (Table 2). Focal
supraglottic hematomas were seen in 24/55 patients with 19
(79%) occurring with thyroid cartilage fractures and 8 (33%)
with cricoid fractures (Tables 1 and 2; Figs. 1, 2, and 3).

Subglottic soft tissue abnormalities

All patients with subglottic edema and non-focal hem-
orrhage also had supraglottic edema. Subglottic edema
with non-focal subglottic hemorrhage was seen in 22/55
patients and was significantly associated with a multi-
site fracture pattern (p < 0.001) (Table 2) with 15/22
(75%) cases occurring in conjunction with thyroid car-
tilage fractures. Additionally, all patients with cricoid
fractures (13 patients) had associated subglottic edema
and non-focal hemorrhage (100%, p = 0.003).

Seventeen patients (85%) with subglottic edema and non-
focal hemorrhage also had focal supraglottic hematomas.
Focal subglottic hematomas were seen in 7/55 patients
(13%). Focal subglottic hematomas were most frequently as-
sociated with cricoid cartilage fractures (38%, p < 0.001)
(Table 2).

Perforations/lacerations

Six of 55 (11%) patients had perforations or lacerations of the
larynx with 5/6 having documented blunt mechanisms of in-
jury and 1 patient with an unknown mechanism of injury

Table 2 Correlation between soft tissue abnormalities and fracture patterns

Fracture location Multifocality

Hyoid bone
(n = 8)

Thyroid cartilage
(n = 45)

Cricoid cartilage
(n = 13)

pa Multi-site (n = 12) Single-site
(n = 43)

pa

Soft tissue abnormalities

Supraglottic hematomas 75% 42% 62% 0.167 83% 33% 0.003

Supraglottic edema 88% 67% 85% 0.357 92% 63% 0.08

Subglottic hematomas 25% 11% 38% < 0.001 42% 5% 0.004

Subglottic edema 38% 33% 85% 0.003 83% 23% < 0.001

Perforations/Lacerations 13% 13% 23% 0.759 33% 5% 0.064

Medialized vocal cord 20% 26% 64% 0.056 70% 16% 0.001

Italicized p values indicate statistical significance
a Fisher exact test

Fig. 1 A 26-year-old man with presenting with neck pain and hoarseness
after an assault. Coronal CT image demonstrates a mildly displaced right
and a non-displaced left fracture through the thyroid cartilage (arrows).
This is a complex fracture with both vertical and horizontal components

Eur Radiol  (2021) 31:5212–52215216



(Table 1). Neck pain and difficulty swallowing were the most
common associated symptoms documented in 4/6 patients
(67%). The remaining 2/6 patients were non-responsive upon
presentation. The mean age of patients with perforations/
lacerations was 48 years (SD 22 years).

All 6 patients had associated thyroid cartilage fractures and
multi-site fractures were encountered in 3/6 patients (50%),
with one of the patients having fractures involving the thyroid
cartilage and hyoid bone, and 2 patients with thyroid cartilage
and cricoid cartilage fractures. Soft tissue abnormalities asso-
ciated with these perforations/lacerations included
supraglottic edema and non-focal hemorrhage in all patients,
focal supraglottic hematomas in 5/6 patients (83%), subglottic
edema with non-focal hemorrhage in 4/6 patients (67%), and
subcutaneous emphysema in all patients (Fig. 4). Asymmetric
thickening of a strap muscle was seen in approximately half of
the patients.

Medialized vocal cord

Twelve out of 55 patients had medialization of one of the
vocal cords; 11/12 patients had blunt traumatic injury (92%)
with 1 patient having an unknown mechanism of injury.

All 12 patients had associated supraglottic edemawith non-
focal hemorrhage, 11/12(92%) of patients had subglottic ede-
ma with non-focal hemorrhage, and 10/12(83%) of patients
had focal supraglottic hematomas. Asymmetric thickening of
the ipsilateral strap muscle was seen in 9/12 (75%) of patients.

Thyroid cartilage fractures were most frequently associated
with medialization of the vocal cord (9/12, 75%) followed by
cricoid fractures in 7 patients (58%).

Fracture assessment

Hyoid fractures

Eight out of 55 patients (15%) had a hyoid bone fracture for
which 3 of these 8 cases occurred as multi-site fractures. Of
the 3 cases of multi-site fractures involving the hyoid bone, 2
occurred in conjunction with thyroid cartilage fracture, and 1
occurred in conjunction with a thyroid and cricoid cartilage
fracture.

Thyroid cartilage fractures

Forty-eight patients (87%) had thyroid cartilage fractures
(Fig. 1). Most were vertical in orientation, occurring in 36/
48 (75%), with 6 being horizontal in orientation (13%). The
remaining 6 patients (13%) had complex fractures contain-
ing both a horizontal and a vertical component.

Cricoid cartilage fractures

Thirteen patients (24%) had cricoid cartilage fracture of which
6 had fractures involving the posterior lamina of the cricoid
cartilage, and 4 of these cases also occurred in conjunction
with lateral arch fractures. Seven patients had only fractures
involving the lateral arch of the cricoid cartilage. Seven

Fig. 2 A 48-year-old man with a history of neck pain and neck contusion
after being hit in the neck with a football. Axial CT image demonstrates a
mildly displaced, vertically oriented fracture of the right cricoid cartilage
(arrow) and supraglottic edema (arrowheads)

Fig. 3 A 45-year-old man with neck pain and difficulty swallowing
following a motor vehicle accident. Coronal CT image demonstrates
extensive supraglottic edema (arrows) and focal hematoma
(arrowheads). There is also a complex fracture through the thyroid
cartilage with both vertical and horizontal components
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patients had fractures involving more than 1 site of the cricoid
cartilage (bilateral arch fractures, lateral arch fracture with
lamina fracture), while 6 patients had a single-site of fracture
involving the cricoid cartilage. None of the patients in this
cohort had fractures involving the anterior/midline aspect of
the cricoid cartilage.

Of the 13 patients with cricoid cartilage fractures, all had
associated soft tissue findings, including 8 focal supraglottic
hematoma, 11 supraglottic edema with non-focal hemorrhage,
5 focal subglottic hematoma, and 13 subglottic edema with
non-focal hemorrhage (Fig. 2).

Additionally, none of the patients in this cohort demon-
strated cricothyroid dislocation.

Multi-site fractures

Twelve out of 55 (22%) patients presented with multi-site
fractures; 11 patients had a documented blunt trauma injury
and one patient had no known mechanism of injury (Table 3).

In patients with multi-site fractures, 11 thyroid cartilage
fractures were noted; 9 occurred in associated with a cricoid
cartilage fracture and 3 occurred with a hyoid bone fracture.
One patient had a hyoid bone fracture with a cricoid cartilage
fracture without the presence of a thyroid cartilage fracture.

Most patients with multi-site fractures had associated focal
supraglottic hematomas (10 patients, 83%), supraglottic ede-
ma with non-focal hemorrhage (11 patients, 92%), and
subglottic edema and non-focal hemorrhage (10 patients,
83%). Focal subglottic hematomas were only seen in 5 pa-
tients (42%) (Table 3).

Single-site fractures

Forty-three out of 55 (78%) patients presented with single-site
fractures; 38 patients had documented blunt trauma injury, 4

patients had penetrating injury, and one patient had no known
mechanism of injury (Table 3).

Thirty-four isolated thyroid cartilage fractures, 5 isolated
hyoid bone fractures, and 4 isolated cricoid cartilage fractures
were noted.

Fractures with no associated soft tissue abnormality

A total of 13 patients had fractures with no associated discern-
ible soft tissue abnormality. These included 1 patient with an
isolated hyoid bone fracture and 12 patients with isolated thy-
roid fractures.

Discussion

Most of the imaging literature on traumatic injuries of the
larynx is in the form of educational manuscripts describing
imaging features of laryngeal trauma and small case reports
[6–12, 14–20]. This study bridges current gaps in knowledge
describing the relative frequency of fractures involving the
hyoid bone, thyroid cartilage, and cricoid cartilage in patients
with acute laryngeal trauma, as well as the frequency of frac-
ture patterns and associated patterns of soft tissue
abnormalities.

It is important for practicing radiologists to be aware of
laryngeal fracture patterns and associated soft tissue abnor-
malities for the prompt diagnosis of these injuries. There is
an associated estimated mortality rate of traumatic laryngeal
injuries between 1 and 13% and a morbidity rate of up to 37%
in these patients in the absence of other significant systemic
injuries [5, 21].

The results of this dual institution retrospective study are
concordant with previously published literature on this topic,
noting a higher prevalence of laryngeal fractures occurring in
men, predominately from blunt trauma mechanisms, with

Fig. 4 A 34-year-old man with severe neck pain following a high-speed
jet ski collision. a and b Axial CT images through the larynx are notable
for subcutaneous emphysema related to a laryngeal penetration injury. A
displaced, vertically oriented fracture involves the midline of the thyroid

cartilage (white arrows), and a mildly displaced, vertically oriented
fracture of the cricoid cartilage (arrowheads) is seen. Accompanying
soft tissue abnormality includes supra- and subglottic edema and non-
focal hemorrhage with extensive subcutaneous emphysema
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motor vehicle accidents and assaults being the most common-
ly reportedmechanisms of injury in our cohort. These findings
may be related to a higher tendency ofmen to engage in riskier
behavior compared to women [22]. The increased incidence
of laryngeal fractures in men may potentially be related to
anatomic considerations such as the larger projection of the
thyroid cartilage, the larger size of the larynx, and higher ri-
gidity of the cartilage in men compared to women.

It is important to highlight that both isolated laryngeal frac-
tures as well as multi-site fractures were encountered in our
study. Thyroid cartilage fractures were the most frequently
fractured site occurring in 80% of patients, followed by cri-
coid fractures in 24% of patients. Multi-site fracture patterns
most frequently involved thyroid and cricoid cartilage frac-
tures in 72% of patients of multi-site fractures.

Associated soft tissue abnormalities were more frequent
with multi-site fractures noting focal supraglottic hematomas
in 82% of patients, supraglottic edema with non-focal hemor-
rhage in 91% of patients, and subglottic edema with non-focal
hemorrhage (82%) and focal subglottic hematoma (46%).

Focal subglottic hematomas were significantly associated
with multi-site fractures involving the cricoid cartilage.
Subglottic edema with non-focal hemorrhage was significant-
ly more frequently associated with cricoid cartilage fractures
and multi-site fracture patterns.

Laryngeal perforations and lacerations were less common
and occurred in 11% of patients (6/55), mostly occurred with
blunt trauma mechanisms, and always occurred with thyroid
cartilage fractures.

All patients in this cohort with cricoid fractures had associated
soft tissue abnormalities. Perhaps the absence of supra- or
subglottic hematoma and edema with non-focal hemorrhage
can be utilized as a reassuring sign for intact cricoid cartilage in
the setting of traumatic laryngeal injury; however, this observa-
tion would need to be further investigated in a larger cohort.

Fractures of the laryngeal structures are often subtle and
may be overlooked in the setting of a major traumatic injury;
however, knowledge of frequent laryngeal fracture patterns
may help practicing radiologists identify all injuries involving
the osseous and cartilaginous structures of the larynx.

Table 3 Patient demographics and symptoms correlated with fracture patterns

Fracture Location Fracture focality

Hyoid bone (n = 8) Thyroid cartilage
(n = 45)

Cricoid cartilage
(n = 13)

p Multi-site
(n = 12)

Single-site
(n = 43)

p

Gender (M:F) 7:1 37:8 8:5 0.214a 5:7 42:1 < 0.001a

Age 36.6 ± 16.0 42.6 ± 15.5 46.3 ± 15.6 0.392b 46.2 ± 19.5 41.3 ± 14.0 0.427c

Type of trauma

Penetrating/blunt/unknown 2/6/0 2/41/2 0/12/1 0.133a 0/11/1 4/38/1 0.569a

Mechanism of injury

Motor vehicle accident 50% 31% 23% 0.439a 33% 30% 1.000a

Assault 0% 31% 15% 0.131a 8% 33% 0.147a

Fall 0% 13% 23% 0.336a 17% 12% 0.619a

Gunshot wound 25% 2% 0% 0.057a 0% 7% 1.000a

Sports 12.5% 9% 23% 0.305a 25% 4% 0.064a

Other 12.5% 7% 8% 0.783a 0% 12% 0.574a

Unknown 0% 7% 8% 1.000a 17% 2% 0.113a

Symptoms

Neck pain 100% 86% 90% 1.000a 89% 88% 1.000a

Neck contusions 25% 44% 33% 0.700a 44% 41% 1.000a

Hoarseness 20% 66% 89% 0.044a 88% 58% 0.220a

Dysphagia 20% 35% 44% 0.715a 50% 27% 0.237a

Stridor 20% 9% 0% 0.488a 11% 6% 0.523a

Drooling 0% 3% 10% 0.514a 11% 0% 0.214a

Difficulty swallowing 75% 87% 86% 0.787a 86% 85% 1.000a

Difficulty breathing 20% 18% 22 1000a 25% 18% 0.639a

Italicized p values indicate statistical significance
a Fisher exact test
b One-way analysis of variance
cMann–Whitney U test
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Additionally, knowledge of patterns of soft tissue abnormality
associated with fracture patterns may be an additional clue for
radiologists for the accurate and comprehensive description of
laryngeal trauma.

This study has several limitations. It is a small sample size
despite inclusion from two level I trauma institutions spanning
an 18-year period. This is reflective of the relatively rare inci-
dence of laryngeal trauma and laryngeal fractures. This study
was performed as a retrospective study design rather than a
prospective evaluation. Patients were identified for inclusion
into this study based on a keyword search in the PACS sys-
tem. This may potentially introduce a selection bias based on
this keyword recognition. Given the extensive number of
studies acquired at our two institutions over the past 18 years,
it was not feasible to review all trauma studies performed over
this interval to identify patients with acute laryngeal trauma
and fractures which may have been missed on initial interpre-
tation or may have been overlooked by the clinical team based
on other sites of severe traumatic injury. Data was collected
from two level I trauma institutions within the same city, and
scanning protocols varied slightly between institutions. While
this heterogeneity in CT scan type is not ideal, it is reflective
of trauma severity, concern for additional sites of injury, in-
cluding vascular structures, and may also reflect some degree
of variations in practice patterns. There were varied degrees of
ossification involving the cartilaginous structures of the lar-
ynx encountered in our patient population. For patients
with little-to-no ossification of these structures, the assess-
ment for a fracture is perhaps more difficult and may po-
tentially be underestimated. Additionally, the classification
of focal hematoma versus non-focal hematoma with edema
may not be accurate in all cases. The classification “hema-
toma” was reserved focal mass-like foci of hemorrhage
with Hounsfield units greater than 25. Non-focal hematoma
with edema was reserved for other cases of lower density
fluid. We recognize that the time from the initial trauma to
imaging varied amongst patients. Additionally, lower
Hounsfield units would occur when hemorrhage is mixed
with low density edema in the setting of trauma.

In conclusion, it is important for practicing radiologists to
be aware of the frequency of isolated and multi-site laryngeal
fractures and patterns of soft tissue abnormality for recogni-
tion of these injuries and decreasingmorbidity associated with
breathing, swallowing, and phonation difficulties. The pat-
terns of soft tissue abnormality may help direct clinicians to
scrutinize adjacent cartilaginous structures of the larynx to
identify subtle fractures.
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