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ABSTRACT 

 

Laryngotracheal injuries are uncommon but often life threatening. Forensically, the 

assessment of survived cases is usually based on the external findings and several 

subjective elements such as reports from the involved persons and witnesses. Therefore, the 

need for more objective methods is crucial for forensic experts. Clinical computed 

tomography (CT) is sufficiently advanced to provide detailed descriptions of the internal 

structures.  This study aims to evaluate the use of CT as a forensic tool in survived and non-

survived cases of laryngotracheal trauma in three aspects. These aspects are studying the 

mechanism of injury, the assessment of the life threatening condition of neck trauma and 

the estimation of age through laryngeal cartilages ossification patterns. A total of five 

patients were included in this study (4 survived cases and one deceased). Information and 

data were collected retrospectively from medical records, autopsy findings and radiological 

reports. Radiological images were also analysed.  

   

The danger of threat to life was evaluated based on the Abbreviated Injury Scale (AIS), the 

Injury Severity Score (ISS) and the New Injury Severity Score (NISS); all five cases were 

declared as having life-threatening injuries. NISS has proven to be more sensitive than ISS. 

The degree of laryngeal ossification was studied for each case and tested against the Černý, 

Turk and Hogg ossification stages; an overlapping and inconsistency were evident when 

using these two methods. At best, both methods can be used to differentiate broad age 

ranges, such as juveniles, young adults and middle-aged adults. A very rare pattern of 

injury, which is the complete separation of larynx and pharynx, was also discussed.  

 

In conclusion, clinical CT can assist forensic experts to evaluate internal injuries for the 

interpretation of the life threatening extent of the trauma. In addition, CT images can be 

used to determine the mechanism and the direction of traumatic forces. The present study 

reveals that, at best, laryngeal ossification may be used to differentiate broad age range.  
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CHAPTER 1 

COMPUTED TOMOGRAPHY AS A FORENSIC TOOL IN 
LARYNGOTRACHEAL TRAUMA 

1.1 Introduction 

The neck region is a vitally important part of the body as it contains very important   

structures necessary for normal functioning. Damaging these structures can be life 

threatening and may lead to significant long-term morbidity or death. Laryngohyoid and 

laryngotracheal complexes are vital structures, which are essential to the functions of 

breathing, swallowing and voice production. Any injury to these structures could affect one 

or all of these necessary functions. Although injuries to the hyoid bone and laryngotracheal 

complex are rare events, they have the potential to threaten someone’s life because they can 

produce serious airway and blood flow problems (Gussack et al., 1986, Jewett et al., 1999, 

Schaefer, 1992, Ubelaker, 1992).  

 

The literature I have studied shows variations in the incidence of laryngeal injuries 

associated with traumatic injuries other than medico-legal incidences (see Chapter Three 

for more detail). Laryngeal injuries have been recorded to be as high as 1 per 445 severely 

injured patients (Verschueren et al., 2006). However, the incidence of this type of injury 

has been reported to be as low as 1 per 137,000 patients who have been admitted to a 

hospital in U.S.A (Jewett et al., 1999). Their rare incidence is believed to be because of the 

high elasticity and mobility of the laryngeal structures, in addition to the protection 

afforded by the mandible from superior, cervical spine from posterior and sternum from 

inferior (Khokhlov, 1999, Singh et al., 2003).  

 

With regard to medico-legal cases (e.g. manual strangulation), the frequencies of thyroid 

cartilage fractures varied. In a study conducted to evaluate knitted trauma of the neck 

complex of 440 cases (311 males, 129 females) that died between 1991 and 1996 in St. 

Petersburg, Russia, the incidence was 11.4% (Khokhlov, 1999). In a study of 61 

consecutive asphyxial deaths by hanging between 1981 and 1984 in Seattle, Washington, 

USA, the incidence was 26% (Luke et al., 1985). Another study reviewed 84 victims of 

strangulation from 1948 to 1972, in Leeds, Great Britain; the incidence was 12% for the 

thyroid ala and 50% for the thyroid horns (Green, 1973). Furthermore, the injuries of the 

upper part of the trachea comprised about 0.2% of the cases (Khokhlov, 1999).   
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Laryngotracheal injuries can be caused by blunt trauma such as a motor vehicle accident 

(MVA) and sporting accidents, and/or  penetrating trauma such as gunshot wounds, falling, 

strangulation (manual, ligature, hanging), as well as iatrogenic causes (Lupetin, 1997).  

Clinically, there are several methods to assess laryngotracheal trauma. These include 

physical examination, imaging techniques (CT, MRI), laryngoscopy, as well as surgical 

exploration in severe and unclear cases. Forensically, the assessment of survived cases to 

evaluate the life threatening nature of the trauma is usually based on external findings (e.g. 

petechial hemorrhages and marks on the skin) and several subjective factors (such as 

reports of the involved persons and witnesses). Yen and associates (2007) argued that all 

internal findings of persons surviving strangulation escape today's forensic examination;  

the examination would be very important from a forensic perspective to determine the 

extent of the injury and whether or not it was a life threatening attack. Therefore, the 

necessity for more objective methods to investigate damage to the internal structures is 

crucial for forensic expertise so that accurate evidence to improve legal certainty can be 

presented.  

In survived cases, damages to the internal structures of the neck can be examined by 

diagnostic imaging (e.g. CT) in order to present findings that are more visually objective 

and thus more easily explained to lay persons (such as juries) and other experts from other 

fields. Few studies have investigated the use of CT imaging in the survived forensic cases 

of laryngotracheal trauma (Borowski et al., 2004, Oh et al., 2007, Plattner et al., 2005, 

Stanley and Hanson, 1983) (see Chapter Three for more details). All of these studies agreed 

that CT imaging is a very useful forensic tool to evaluate neck trauma of survived cases to 

determine the extent of the injury and to assess the life threatening danger. 

 

In postmortem examination, the assessment of laryngeal trauma includes an external 

examination and autopsy of the internal structures. Several works reported experiences with 

CT imaging in postmortem examination (Aghayev et al., 2006, Bolliger et al., 2005, 

Hayakawa et al., 2006, Leth, 2007, Leth, 2009, Reay et al., 1994, Thali et al., 2003, 

Wallace et al., 1994, Yen et al., 2005) (see Chapter three for more detail). In 2003, Thali 

and associates introduced what is known today as virtual autopsy (or Virtopsy), which 

describes the use of MRI and CT in postmortem examination. These studies demonstrated 

that CT findings corresponded to the results of autopsy examinations. Moreover, CT  
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presented an alternative examination technique in cases where an autopsy was refused, and 

as it provided further information about the cause of death (Bolliger et al., 2005). Some 

cases may present with no signs of external injuries during the superficial postmortem 

examination, which can misguide the forensic pathologist to perform further examination of        

the internal structures. In such cases, the CT scanner may be an excellent method of 

screening the internal structures to evaluate the true extent of the injury (Hayakawa et al., 

2006). 

 

The use of computed tomography in forensic pathology is an increasingly popular 

diagnostic tool. It is a noninvasive method, can be used as a storage technology, is 

independent of the investigator and should lessen the time required for autopsy. The data 

can also be shown in two or even three dimensions, plus the autopsy findings can be 

correlated with the CT findings. Another possible advantage is that CT can be used to avoid 

disturbance to the body's structure (evidences) caused by autopsy. Moreover, CT could 

substitute for autopsy, particularly in some communities where autopsy is not widely 

practiced due to religious and ethical beliefs or in the examination of severely decomposed 

corpses. In addition, CT imaging can provide valuable information about the mechanism, 

the direction, and the amount of force used to cause the injury; this would assist the crime 

investigation.  To date, CT imaging is considered very advanced and has been introduced as 

an effective tool in forensic investigation.  

 

Forensic experts should address the question of whether an act has led to a life threatening 

situation or not, in order to improve legal certainty. Some forensic experts would consider 

any pressure or grasp on the neck to be a life threatening act, while others conditioned the 

presence of petechiae, hypoxia and/or unconsciousness to describe the injury as a life 

threatening injury (Plattner et al., 2005). The assessment of a life threatening condition of 

an injury appears to differ substantially according to the mechanism of the injury (e.g. 

strangulation or motor vehicle accident).  

To answer the question of the possibility of the life threatening quality of an act, a few 

standard protocols of assessing the severity of strangulation have been published (Plattner 

et al., 2005, Yen et al., 2007). These protocols are suitable for assessing strangulation cases  
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only; with regard to the assessment of cases which survived injuries other than 

strangulation, there is a lack of a forensic-related injury severity assessment protocols.             

 

Therefore, several studies investigated the use of clinically-related trauma scoring systems 

(e.g. Abbreviated Injury Scale (AIS), Injury Severity Score (ISS), and New Injury Severity 

Score (NISS)) in the assessment of the life threatening condition in traumatic injuries from 

a forensic prospective (Bilgin et al., 2005, Eryilmaz et al., 2009, Fedakar et al., 2007, 

Günay et al., 2003). These studies concluded that AIS, ISS and NISS are useful and 

applicable methods concerning the estimation of life threatening conditions in traumatic 

injuries. 

 

Other interesting studies assessed the applicability of AIS and ISS scoring systems to 

autopsy findings (Adams and Carrubba, 1998, Friedman et al., 1996). Friedman and 

associates (1996) concluded that AIS and ISS are well-suited for use in coding autopsy 

findings. Also, low ISS codes of autopsy findings may indicate preventable death. 

However, in Adams and Carrubba’s study (1998) the AIS was inferior to autopsy as the 

descriptions were less detailed and inadequate for several traumas such as 

thoracoabdominal visceral trauma. 

 

The estimation of age is a very important issue in the identification of both living and 

deceased individuals. The identification of the age of living individuals is an important 

security element, especially in issues regarding immigration. Forensically, the assessment 

of age is a central element in any investigation process, for example in cases of mass 

disasters and in the identification of skeletal remains. There are several methods which can 

be used to estimate age. Some of these methods include the study of the morphological 

changes of some structures (e.g. ribs, pubic symphysis, and vertebral bodies) and the study 

of the normal developmental process of some structures such as the ossification of the 

laryngeal cartilages. The study of the degree of laryngeal cartilages ossification is one of 

the available methods in age estimation. Within the forensic community, there are two 

common methods used by forensic experts to estimate the age of individuals. These 

methods are the Černý phase method (Krogman and Iscan, 1986), and the Keen and 

Wainwright classification (1958). Turk and Hogg (1993) modified the latter method by 

producing recognisable stages of laryngeal cartilages ossification. These methods are  
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commonly used in forensic settings; however, the accuracy and reliability of these methods 

are still under investigation (Dang-Tran et al., 2010, de la Grandmaison et al., 2003, 

Garvin, 2008, Sugiyama et al., 1995a, Sugiyama et al., 1995b, Turk and Hogg, 1993).  

 

1.2 Summary of Aims 

This study aims to evaluate the use of clinical CT in laryngotracheal injuries from the 

forensic perspective in several aspects. These aspects include studying the mechanism and 

the patterns of different causes of laryngotracheal injuries, the use of trauma scoring 

systems to evaluate the life threatening quality of an act and the examination of the degree 

of ossification of laryngeal cartilages to determine the age of individuals. 
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CHAPTER 2 
 

AIMS AND OBJECTIVES 

 
  

Due to the rare incidence of laryngeal trauma, both medical and forensic experts have little 

experience in the diagnosis and management of laryngeal injuries. Therefore, it is essential 

to study these injuries, especially the patterns of the various causes of the injuries.  

 

Clinical CT can be a very helpful tool in forensic investigation. It can be used to study the 

mechanism of the injury, to evaluate the life threatening quality of an act in survivors, to 

estimate the age of an individual and to assist in postmortem examination. Therefore, 

forensic experts should understand the normal CT appearance of laryngotracheal anatomy 

to interpret CT findings correctly (Lupetin, 1997).  

 

The frequencies of hyoid bone fracture and laryngeal injuries which result from incidences 

other than medico-legal situations are rare, but when comparing the overall reported 

frequencies of both structures, laryngeal injuries appear to be less frequent than hyoid 

fracture (Khokhlov, 1997, Ubelaker, 1992, Wang et al., 2007). On the other hand, the 

review of the studies conducted by Green (1973), Khokhlov (1999), and Luke and 

associates (1985) illustrated that the percentages of laryngeal cartilages injuries in medico-

legal situations were greater than those of the hyoid bone. Laryngeal cartilages are more 

flexible, highly elastic, and undergo a late process of ossification in comparison with hyoid 

bone. Nevertheless, it seems that they are more prevalent injuries in medico-legal 

situations. Therefore, thorough investigation and quantification of the mechanism and the 

patterns of laryngeal injuries in blunt and penetrating injuries are crucial for both clinicians 

and forensic experts to understand the behaviour of laryngeal cartilages during these 

injuries. Expert knowledge of laryngeal trauma could help in determining the cause of 

death and whether or not the injury is life threatening in survivors. Different causes (e.g. 

blunt and penetrating trauma) of laryngeal trauma will leave different damaging patterns. 

Significantly, the site of the injury, the force applied, and the age of the injured person 

could play major roles in the patterns and complications of the injury.  

 

The assessment of the life threatening quality of an act in forensic survived cases is usually 

based on the external examination, reports of the involved persons, artefacts from the scene,  
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and reports from witnesses. To date, there are few published standard protocols to assess 

the life threatening status of an injury following strangulation. However, there is a lack of 

forensic based assessment protocols to evaluate the danger of the trauma to life after 

traumatic neck injuries other than strangulation. As a result, some forensic experts 

introduced the use of the clinical-related anatomical scoring systems (e.g. AIS, ISS, and 

NISS) into forensic examination of survived cases to determine the life threatening quality 

of trauma.  

 

Moreover, the degree of the laryngeal cartilages ossification can be studied through CT 

imaging to estimate the age of the living people and the human remains of the deceased to 

create an identification profile of individuals, especially in mass disaster (e.g. airplane 

crash).  

 

This study aims to evaluate the use of clinical CT in laryngotracheal injuries from a 

forensic perspective in three aspects. These aspects are:  

 

i)  To study the mechanism and the patterns of different causes of laryngotracheal injuries.  

 

ii) To evaluate the use of trauma scoring system (AIS) to determine the life threatening 

quality of an act and compare its derivatives ISS and NISS. 

 

iii) To estimate the age of individuals based on the degree of ossification of laryngeal 

cartilages by using and comparing the Černý method and Turk and Hogg ossification 

stages. 
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CHAPTER 3 

LITERATURE REVIEW 

3.1 Introduction 

Prior to discussing laryngeal skeleton injuries and their application in a forensic context, it 

is important to review the embryology, anatomy and the common anomalies of the 

laryngeal skeleton.  

 
 

3.2 The embryology of the larynx 

Studying the embryonic development of the larynx is important to correctly diagnose 

laryngeal injuries and rule out congenital anomalies which may occur during the embryonic 

development. Based on the Carnegie staging system, the embryological development of the 

larynx is divided into two periods: the embryonic period that comprises the first 8 weeks of 

gestation and the fetal period which comprises 32 weeks of gestation (Hartnick and Cotton, 

2000). The larynx appears during the embryonic period at around day 25 to 28 of gestation 

as an epithelial thickening along the ventral aspect of the foregut, which is called the 

respiratory primordium.  

 

The internal lining of the larynx develops from the endoderm of the cranial end of the 

laryngotracheal tube (Figure 3.1). The cartilages and muscles of the larynx develop from 

mesenchyme (that derived from neural crest cells) of the fourth and sixth pairs of 

pharyngeal arches (Sadler, 2006). The mesenchyme proliferates rapidly, producing changes 

in the appearance of the laryngeal orifice from a sagittal slit-like opening into a T-shaped 

opening (Figure 3.2). The mesenchyme of the two arches transforms into the thyroid, 

cricoid, and arytenoid cartilages. At approximately the 10th week of gestation, the laryngeal 

epithelium proliferates rapidly, resulting in a temporary occlusion of the laryngeal lumen. A 

pair of lateral recesses (the laryngeal ventricles) are produced from vacuolisation and 

recanalisation of the larynx. Both recesses are bounded by folds of mucous membrane that 

become the false and true vocal cords. The epiglottis originates from the caudal part of the 

hypobranchial eminence which is produced by proliferation of mesenchyme in the ventral 

ends of the third and fourth pharyngeal arches (Moore and Persaud, 1998).  

Because the laryngeal muscles are derived from mesenchyme of the fourth and sixth 

pharyngeal arches, branches of the vagus nerves (CN X) innervate them. The muscles, 

which developed from the fourth pharyngeal arch, are innervated by the superior laryngeal  
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nerve, while the muscles which developed from the sixth pharyngeal arch are innervated 

by the recurrent laryngeal nerve (Sadler, 2006).  

 

 

 

 

 

 

 

 

3.3 The anatomy of the larynx 

The larynx belongs to the lower respiratory airways and extends between the pharynx and 

trachea. It is designed for voice production and the protection of the airway (particularly  

Figure 3.1: Illustrates the partitioning of the foregut into the esophagus and laryngotracheal 

tube by the end of fourth week of gestation (Moore and persaud, 1993). 

Figure 3.2: Laryngeal orifice and surrounding swellings at successive stages of gestational 

development (A: 4 weeks; B: 6 weeks; C: 12 weeks) (Sadler, 2006).  
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during swallowing). It lies in the frontal neck inferior to the hyoid bone and between the 

great vessels of the neck. It opens above into the laryngopharynx, forming its anterior wall, 

while below it becomes continuous with the trachea. From the anterior aspect, skin (the 

cervical fascia) and the infrahyoid muscles cover it. From the lateral side it is covered by 

the carotid sheaths. It consists of cartilages interconnected by ligaments and fibrous 

membranes and is moved by muscles (e.g. cricoarytenoid, criothyroid, thyroarytenoid). A 

mucous membrane covers its internal surface (Vanezis, 1989). 

 

In adult males, the larynx lies opposite the third to sixth cervical vertebrae while it tends to 

be higher in adult females (Standring, 2005). In addition, adult males tend to have larger 

larynx in comparison with females of a similar age (Table 3.1).  

 

 

Males Females 

Length 44 mm 36 mm 

Transverse diameter 43 mm 41 mm 

Sagittal diameter 36 mm 26 mm 
 

The laryngeal skeleton is composed of three single cartilages (thyroid, cricoid and 

epiglottic) and three paired cartilages (arytenoids, cuneiform and corniculate) (Figure 3.3). 

The thyroid, cricoids, and the greater part of the arytenoids are composed of hyaline 

cartilage and may become calcified as age advances. On the other hand, the corniculate, 

cuneiform, and apices of the arytenoids cartilages consist of elastic fibrocartilage, which 

show little tendency to calcify (McMinn, 1998). 

Thyroid cartilage is the largest cartilage of the larynx (Figure 3.3). It consists of two 

laminae fused in front at an acute angle, forming subcutaneous laryngeal prominence 

(Adam’s apple). It has been claimed that this angle is greater in females (about 120 

degrees) and narrow in males (about 90 degrees) (Ajmani, 1990, Standring, 2005, Vanezis, 

1989) Ajmani and associates (1990) conducted a metrical study to establish the normal 

range of variation in the relative size and shape of the laryngeal skeleton in adult Nigerians; 

it was discovered that the thyroid angle in males varies from 106 to 60 degrees (mean of 

89.92 degree) and from 132 to 88 degrees in females (mean of 106.38 degree). The 

posterior borders of the laminae are projected upwards into superior horns and downward  

Table 3.1: Average measurements of the larynx in European adults (Standring, 2005). 
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into inferior horns. The superior horns give attachment to the thyrohyoid ligaments, 

frequently triticeous cartilages can be found within these ligaments. The inferior horns 

articulate with the cricoid cartilage on each side to form the cricothyroid joint. At rest, the 

upper border of the thyroid cartilage lies at the level of the fifth cervical vertebra in adults 

(Vanezis, 1989). 

 

 

 

 

The cricoid cartilage is smaller, thicker, and stronger than the thyroid cartilage (Figure 3.3). 

It articulates above by synovial joints to the thyroid and arytenoid cartilages. Attached 

inferiorly is the trachea through the cricotracheal ligament. It is the only cartilaginous 

structure which forms a complete ring around the air passages (like a signet ring). Its 

anterior part is narrow (the arch) while its posterior part is broad and flat (the lamina). The 

arch is attached to the thyroid cartilage by the cricothyroid ligament, which may be pierced 

for emergency tracheotomy (cricothyrotomy) (Standring, 2005). 

The paired arytenoids cartilages articulate with the upper border of the lamina of the 

cricoids to form the cricoarytenoid joint. They are pyramidal in shape and give attachment 

to the vocal folds and a number of laryngeal muscles (e.g. cricoarytenoid and vocalis) 

(Figure 3.3). Each has a base projecting anteriorly (the vocal process) which gives  

Figure 3.3: The anatomy of the larynx (Martini, 1998). 
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attachment to the vocal fold, and a lateral projection (the muscular process) to which the 

cricoarytenoid muscles are attached. The superior process of the arytenoid cartilage 

articulates with a small cartilage called corniculate cartilage, which gives attachment to the 

aryepiglottic fold (Figure 3.4). Antero-superior to the corniculate cartilage, and within the 

aryepiglottic fold, lies the cuneiform cartilage (McMinn, 1998). 
 

The epiglottic cartilage is a thin leaf-shaped elastic fibrocartilage, which projects obliquely 

upwards in front of the laryngeal inlet (Figure 3.3). It is attached inferiorly to the inside of 

the laryngeal prominence of thyroid cartilage inferior to the thyroid notch by the 

thyroepiglottic ligament. Its sides attach to the arytenoids cartilages by the aryepiglottic 

folds. During the swallowing process, the hyoid bone moves superiorly and anteriorly, and 

the epiglottis is bent posteriorly as a result of pressure from the base of the tongue and 

contraction of aryepiglottic muscles to close the laryngeal inlet, preventing a food bolus 

from entering the trachea (Vanezis, 1989).  

 

  

3.4 Common anomalies of the larynx 

Studying the abnormalities of the anatomical structures is imperative for both clinicians and 

forensic pathologists. In forensic medicine, this knowledge can prove critical since 

abnormal structures can be misdiagnosed as injuries. Khokhlov (1997) examined 137 cases  

of hanging, in which he compared the results of palpatory examination methods with the 

laboratory method of preparation; incorrect diagnosis of thyroid cartilage injuries by the 

palpatory method was recorded in 15 cases. Ten of those cases had a shortened superior 

cornu, which was connected with the elongated supplementary cartilage triticea. One case  

 

Figure 3.4: The glottis (Martini, 1998). 
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had absence of the superior cornu and in four cases, the superior cornu connected to the 

lamella by mobile joint.  

  

Some anatomical anomalies are difficult to observe by autopsy and conventional 

radiography in postmortem cases (Di Nunno et al., 2004). However, examining the 

laryngeal skeleton through direct radiographic magnification makes it possible to detect 

some of these anomalies. Some of the laryngeal skeleton anomalies include the presence of 

triticeous cartilages, alterations in the physiological space between the larynx and the hyoid 

bone, and ligament calcifications. Around the third month of gestation, the greater horns of 

the hyoid bone start to disconnect from the superior horns (cornu) of the thyroid cartilage 

during the process of chondrification (Soerdjbalie-Maikoe and van Rijn, 2008). A failure of 

disconnection may result in the formation of a separate cartilage (known as triticeous 

cartilage) (Figure 3.5) which can be found in the thyrohyoid ligaments that connect the 

greater horns of hyoid bone with the superior horns of the thyroid cartilage (Soerdjbalie-

Maikoe and van Rijn, 2008). The function of the triticeous cartilage is as yet unknown, 

although it may help to strengthen the thyrohyoid ligaments (Standring, 2005).  

In 2004, Di Nunno and associates examined 40 deceased cases (14 females; 26 males) for 

injuries of the hyoid-larynx complex using radiographic magnification. They insisted on 

isolating the hyoid-larynx complex for radiographic examination because the greater radio-

opacity of the cervical vertebrae obscure and alter the identification of the larynx and hyoid 

bone. In their study, they found triticeous cartilages in 12 cases (four females; eight males); 

bilateral in seven cases, compared with monolateral in five cases (Figure 3.5).  

Di Nunno and associates (2004) claimed that the detection of triticeous cartilages could 

prove difficult, especially when they are intensely calcified, and could be misdiagnosed as 

a fracture of the tips of greater horns of the thyroid cartilage. In this situation, oblique 

image viewing should be used. Moreover, they observed that triticeous cartilages were 

more frequent in males (eight cases out of 26) than in females (four out of 14). On the other 

hand, Ajmani (1990) studied the laryngeal cartilages of 28 males and 12 females of 

Nigerian descent. The dissection specimens illustrated that the incidence of triticeous 

cartilages was greater in females (16.66%) than in males (13.15%). 
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3.5 Laryngeal skeleton trauma 

The laryngeal skeleton is a vital structure in the neck. It has important functions such as 

swallowing, voice production, and airways passage. Any injury to the laryngeal skeleton 

could affect one or all of these functions. In this section, the following topics will be 

discussed: the epidemiology, the causes and the mechanism of laryngeal injuries; clinical 

forensic imaging; postmortem forensic imaging; life threatening assessment and the 

estimation of age through laryngeal cartilages ossification patterns.  

 

3.5.1 Epidemiology 

Laryngotracheal trauma is relatively rare. The data available in the literature, however, 

show variations in incidence of laryngeal injuries. It has been recorded to be as high as 1 

per 445 severely injured patients admitted to the trauma service at Legacy Emanuel 

Hospital and Health Center, Portland, Oregon, USA from 1992 to 2004 (Verschueren et al., 

2006). Other studies reported various figures of laryngeal injuries incidences: 1 per 5000  

Figure 3.5: A = the hyoid-larynx complex with evidence of triticeous cartilages. B = 

anterior-posterior view through radiographic magnification shows bilateral calcification of 

the triticeous cartilage (curved arrows ) (Di Nunno et al., 2004). 
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emergency room visits in 1987 at the Medical College of Georgia Affiliated Hospital, 

Augusta, USA (Bent et al., 1993) and 1 per 30,000 patients who visited the emergency 

room over a period of 27 years at Dallas County, Texas, USA (Schaefer, 1992). However, 

the incidence of laryngeal injuries has been reported to be as low as 1 per 137,000 patients,  

in which a nationwide inpatient sample that approximates a 20% sample of US community 

hospitals was analysed from 1988 to 1992 (Jewett et al., 1999). The rare incidence of 

laryngeal injuries is believed to be because of the high elasticity and mobility of the 

laryngeal structures, in addition to the protection afforded by the mandible bone from the 

superior, cervical spine from the posterior and sternum from the inferior (Khokhlov, 1999, 

Singh et al., 2003). 

 

With regard to medico-legal cases (e.g. manual strangulation), the frequencies of thyroid 

cartilage fractures varied. In a study conducted to evaluate knitted trauma of the neck 

complex of 440 cases (311 males, 129 females) that died between 1991 and 1996 in St. 

Petersburg, Russia, the incidence was 11.4% (Khokhlov, 1999). In a study of 61 

consecutive asphyxial deaths by hanging between 1981 and 1984 in Seattle, Washington, 

USA, the incidence was 26% (Luke et al., 1985). Another study reviewed 84 victims of 

strangulation from 1948 to 1972, in Leeds, Great Britain; the incidence was 12% for the 

thyroid ala and 50% for the thyroid horns (Green, 1973). Furthermore, the injuries of the 

upper part of the trachea comprised about 0.2% of the cases (Khokhlov, 1999).   

 

A study conducted between 1987 and 2002 in Bern (Switzerland) analysed 134 cases of 

survived strangulation (Plattner et al., 2005). They found that 82% of the cases were 

victims of manual strangulation, 16% of the cases were victims of ligature strangulation, 

and approximately 2% were subjected to both manual and ligature strangulation. Moreover, 

they found approximately 3% of cases were children, whilst 32% of cases were 20 to 30 

years of age. Males accounted for 15% of cases, while 85% were females.  

 

Although several reports claimed the rare incidence of laryngeal fractures, it has been 

noticed that in the past few years the frequency of laryngeal fractures has increased 

(Portinos et al., 2006). It has been argued that the reason for this increase is the quality of 

immediate intervention which results in a higher number of survivors who are admitted to 

hospital (Ganzel and Mumford, 1989). 
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Laryngotracheal injuries are potentially life threatening; these injuries are the third most 

common cause of death after cranial and cervical spine injuries (Bechman, 1993). The 

incidence of laryngotracheal trauma has been reported to be about 0.04% of all traumatic 

lesions (Lupetin et al., 1998). Borowski and associates (2004) claimed that when they 

reviewed the literature, they could not find evidence of laryngotracheal injuries reported in 

a surviving patient. 

The average age of patients with laryngotracheal injuries was 35.5 ±15.3 (range 8 to 80 

years) in a study consisting of 27 patients who were reviewed at Legacy Emanuel Hospital 

and Health Center (Portland, Oregon, USA) from 1992 to 2004 (Verschueren et al., 2006).  

A further study reported a mean age of 34 years in patients with laryngeal trauma, in which 

77 patients with laryngeal trauma were reviewed at the Medical College of Georgia 

Affiliated Hospital, Augusta, Georgia, USA from 1973 to 1991 (Bent et al., 1993). Also, a 

mean age of 32.8 has been reported,  in which 71 patients with laryngeal injuries were 

studied at two major metropolitan hospitals in Texas, USA between 1996 and 2004 

(Bhojani et al., 2005). However, a higher mean age (37 years) in people who had laryngeal 

trauma has been reported in a study consisting of a nationwide inpatient sample (392 

patients) which approximates a 20% sample of US community hospitals from 1988 through 

1992 (Jewett et al., 1999). Moreover, Jewett and associates (1999) reported that 57 patients 

with severe injuries which required more than 13 (-/+ 3) days hospital admission who 

underwent endoscopy, tracheotomy, and surgical laryngeal repair, had a 1% mortality rate. 

In addition, about 15 patients who underwent endoscopy and tracheotomy without 

laryngeal repair were admitted for 11 days on average (-/+ 3) and had a mortality rate of 

2%. Furthermore, the authors (Jewett et al., 1999) found that when the age of the injured 

persons increased, the mortality rate concurrently increased (Figure 3.6). However, this 

mortality rate is very low compared with a previous study conducted between 1996 and 

2003 in Texas, USA, which reported a 26.8% mortality rate (Bhojani et al., 2005). 
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In 1999, Khokhlov studied knitted trauma of the neck complex of 440 cases (311 males, 

129 females) who died between 1991 and 1996 in St. Petersburg, Russia. He found that 

such injuries occurred twice as often in men (20.3% of cases) than in women. In addition, 

the author observed that these types of injuries tend to occur between the ages of 21-60 

years in men and 31-60 years in women. He claimed that persons under 20 years of age do 

not have consolidated neck injuries because of the high flexibility of unossified laryngeal 

cartilages and the resilience of the hyoid bone. 

Bhojani and associates (2005) reviewed 71 cases with laryngotracheal trauma to determine 

the mechanisms of injury. These admissions were at level I trauma centers; Parkland 

Memorial Hospital and Wilford Hall Medical Center, Texas, USA, between 1996 and 2003. 

 

The authors found that blunt trauma represented 26.8% of the cases compared with 73.2% 

of penetrating injuries. Moreover, the mortality rate was 63.2 % (blunt injury) and 13.5% 

(penetrating injury). Another study reviewed 23 cases with laryngotracheal trauma who  

were admitted to level II Trauma Center of the Huntington Memorial Hospital, California, 

USA between 1992 and 1998 (Francis et al., 2002). They found blunt trauma in 17 % of the 

cases and penetrating trauma in 83% of the cases. These historical studies have clearly 

demonstrated that laryngotracheal trauma due to penetrating injury was increasing in 

incidence in comparison with blunt trauma.  

Figure 3.6: Mortality rate of laryngeal trauma according to age (Jewett et al., 1999). 
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Conversely,  a study of 61 patients who were treated within 48 hours at the Medical 

College of Georgia Affiliated Hospitals, Georgia, USA between 1973 and 1991 reported 

blunt trauma in 36 patients and penetrating trauma in 25 patients (Bent et al., 1993).  

 

A more recent study of 27 patients who were admitted to the trauma service at Legacy 

Emanuel Hospital and Health Center (Portland, Oregon, USA) from 1992 to 2004, recorded 

blunt trauma in 23 patients and penetrating trauma in four patients (Verschueren et al., 

2006). Bent and associates (1993) argued that the variations in the frequencies of blunt and 

penetrating trauma reflect regional differences in the methods of violence.  

 

The frequency of blunt trauma and penetrating trauma differs according to several factors 

such as the region where the trauma took place and the historical timing of the trauma. For 

example, the type of trauma that occurred in the 19th century was different from the type of 

trauma that occurs nowadays; also, the patterns of trauma differ from one country to 

another. All of these differences depend on several elements such as lifestyle, methods of 

transportation, sports activities that may differ from country to country and those 

differences between the centuries. 

 

In 1999, Jewett and associates examined 392 patients with blunt laryngeal trauma. 

Approximately 78% of patients were diagnosed with external laryngeal trauma. Figure 3.7 

shows the other common primary diagnoses. In most cases, patients with laryngeal trauma 

presented with other injuries in the head and neck (e.g. mandible fracture). The percentages 

of associated injuries in the Jewett and associates’ study were intracranial injury (13%), 

open neck injury (9%), cervical spine injury (8%), and esophageal or pharyngeal injury 

(3%) (Figure 3.8). Since the larynx is an essential airway structure which controls the voice 

and the passage of food, severe injuries may result in serious complications such as airway 

obstruction, paralysis of the vocal cord, dysphagia, and even death (Bell et al., 2008). 

Another study which reviewed 392 cases with laryngeal trauma  between 1980 and 1986 

(Southern Alabama, USA) concluded that laryngeal stenosis and voice changes occur 

approximately in 40% of the cases (Gussack et al., 1986).  
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A further study reported that 1 out of 445 patients admitted to the trauma center (Portland, 

Oregon, USA) with severe head and neck injuries were diagnosed to have laryngeal injuries 

(Verschueren et al., 2006). Also, the authors found that 96% of the patients with 

laryngotracheal trauma also had maxillofacial injuries. These figures suggest that clinicians 

treating patients with maxillofacial injuries should always evaluate the status of the larynx. 

A study of the facial injury in blunt assault reviewed 802 patients over a period of five 

years between 1990 and 1995 (San Francisco General Hospital, San Francisco) and found 

that mandible fracture was the most common injury (57%) and 38% of fractures involved 

midface structures (Greene et al., 1997).  

Figure 3.7: Primary diagnosis excluding laryngeal trauma (Jewett et al., 1999). 

Figure 3.8: Percentage of associated injuries with external laryngeal trauma (Jewett et 
al., 1999). 
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Laryngotracheal injuries in children are very rare. Duval and associates (2007) reported 

only five cases (age three -14 years) with tracheal injuries during a total period of five years 

who were admitted to Pediatric Intensive Care, Queen Paola Children's Hospital, 

Lindendreef, Belgium. The rare incidence of laryngotracheal trauma in children is because 

the children’s larynx has high elasticity and is located high in the neck behind the arch of 

the mandible, thus resulting in a lower incidence of injury. In addition, children are less 

likely than adults to be involved in more vigorous activity (Merritt et al., 1998). 

Furthermore, the incidence of laryngotracheal separation in children is also rare because the 

cricothyroid membrane is narrow. However, children are more predisposed than adults to 

greater soft tissue damage after blunt trauma because of the smaller size and dimensions of 

the larynx, and the obvious tendency of the soft tissue of the larynx to develop odema or 

hematoma (Gold et al., 1997).  

 

Fractures of the hyoid bone have been recorded to comprise only 0.002% of all reported 

fractures in the published literature and were commonly associated with other injuries of 

the neck (Ubelaker, 1992). Wang and associates (2007) reviewed the literature and found 

only 27 cases with hyoid fracture secondary to blunt trauma. However, when it comes to 

medico-legal cases (e.g. manual strangulation), the frequencies of hyoid fractures have been 

reported to vary from 1.6% (Khokhlov, 1999), 23% (Luke et al., 1985) to 35% (Green, 

1973). 

 

3.5.2 Causes and mechanism of laryngotracheal trauma 

The mechanisms of laryngotracheal injury can be divided into blunt trauma e.g., motor 

vehicle accident (MVA), sporting accidents, falling, beating, clothesline injuries, crushing 

and strangulation injuries; penetrating trauma e.g., gunshot wound, stabbing, cutting, 

iatrogenic causes (Figure 3.9) (Jewett et al., 1999, Verschueren et al., 2006); thermal 

injuries; electrical injuries; inhalation injuries; and injuries caused by caustic ingestions 

(Chawla et al., 2004, Vanezis, 1989). It is believed that injuries which result from road 

traffic accidents (RTA) declined after the introduction of the harness rather than just the 

lap-sash seat belt, in addition to lower speed limits and seat airbags, although seat belt 

harness and air bags injuries of the larynx have been described (Bhojani et al., 2005, 

Yardley et al., 1991).  
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Anterior blunt injuries are most commonly the result of motor vehicle accidents. 

Verschueren and associates (2006) reported that 37% (10 out of 27 patients) of 

laryngotracheal trauma occurred as a result of MVA. A car driver, for example, during 

forward thrust in rapid deceleration, can cause extension of the neck which impacts against 

the steering wheel.  Hyperextension of the neck removes the mandibular barrier, exposing 

the larynx to anterior crushing forces. Fracture of the thyroid and/or cricoid cartilage results 

mechanically from the compression of larynx between a foreign object (e.g. steering wheel 

dashboard) and the anterior aspect of the cervical spine, decreasing the anteroposterior 

diameter and increasing the transverse diameter, which usually causes a vertical median or 

paramedian fracture (Stassen et al., 2004, Verschueren et al., 2006). The anteroposteriorly 

directed traumatic forces usually produce fractures of the midline or paramedian fused 

portions with outward angulations, while ipsilateral laminar fractures with inward 

angulations may result from rotational and/or lateromedially forces (Lupetin, 1997). It has 

been claimed that fractures of ossified laryngeal cartilages tend to occur in patterns 

corresponding to the point of impact, and midline or paramedian fractures are the most 

common patterns (Tucker, 1993). 

Other less common blunt injuries are sport-related injuries, which occur most frequently in 

high velocity sports such as cycling, motorcycle racing, cricket, ice hockey, martial arts and  

Figure 3.9: Most common causes of laryngeal trauma (Bell et al., 2008). 
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snowmobile when the person suddenly encounters a fixed horizontal barrier at the level of 

the neck which results in a clothes-line type injury. The incidence is obviously dependent 

on the popularity of the particular sport. This type of injury imparts a large amount of 

energy over a relatively small area, resulting in massive trauma and a high probability of 

sudden death by crushing the larynx or separating the cricoid from the larynx or trachea 

(Figure 3.10).  

 

 

 

 

 

Penetrating trauma to the larynx most commonly occurs secondary to knife or bullet 

wounds.  A study reported that 36.6% (26 out of 71) patients with laryngotracheal trauma 

were caused by gunshot wounds (Bhojani et al., 2005).  In gunshot wounds, the extent of 

injury could be the result of direct penetration or indirectly by the blast effect which varies 

with the type of assault weapon used. 

Figure 3.10: Laryngotracheal separation which may result in fatal airway obstruction (Bell 

et al., 2008). 
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Blunt pediatric neck injuries are more often life threatening, as relatively minor direct 

trauma to the larynx or trachea may result in significant injury, including laryngotracheal 

disruption.  In addition, the relative smaller cross-sectional area of the pediatric population 

predisposes them to higher risk of compromised airway.  

It has been reported that fractures of the thyroid cartilages usually take place in a vertical 

direction (Figure 3.11) (Lupetin, 1997, Vanezis, 1989). It is less common for fractures of 

the thyroid cartilage to occur in a horizontal direction and this shape of fractures will not be 

detected easily on axial CT images (Tucker, 1993). Also, it has been claimed that fracture 

of the lamella of the thyroid cartilage is an indicator of a severe force being applied 

(Khokhlov, 1999). Fractures of the cricoid cartilage are commonly produced by 

anteroposteriorly directed forces (Lupetin, 1997). Cricoid fractures are often associated 

with potentially life threatening injuries such as laryngotracheal separation (Fuhrman et al., 

1990). 

 
 

 

 

 

One of the most common tracheal injuries are the iatrogenic lesions caused by procedures 

such as endotracheal intubation and percutaneous tracheostomy (Tcherveniakov et al., 

2001). Although, this is a rare injury, it is a life-threatening incident (Kouerinis et al., 

2004). Dislocation of arytenoid cartilages can occur as a result of a blunt trauma or an 

iatrogenic injury (endoscopy, endotracheal tube). The cartilages most commonly dislocate 

anteriorly with medial rotation (Lupetin, 1997, Sataloff et al., 1994, Stack Jr and Ridley, 

1994). However, posterior displacement has been described and can be caused by upward  

Figure 3.11: Vertical fractures of thyroid and cricoids cartilages as a result of force pushing 

the cartilages against the cervical spine (Vanezis, 1989). 
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force on the vocal process (e.g. inflated endotracheal tube) (Frink and Pattison, 1989). It 

has been assumed that the anterior displacement results from downward and anterior force 

on the arytenoid cartilage during intubation (Paulsen et al., 1999). 

 

The alteration of the physiological space between the hyoid bone and the larynx could be 

used to determine the cause of the death. Di Nunno and associates (2004) examined 40 

larynges from corpses who underwent autopsy at the Institute of Legal Medicine of the 

University of Trieste, Bari, Italy during a five year period (1996-2001). They found 

disturbance of the space between the hyoid bone and larynx in five cases. One case had 

increased space after he hanged himself from a tree, which resulted in stretching of the 

neck structures (Figure 3.12). The other four cases had reduction in the space (figure 3.12). 

One died following precipitation with primitive trauma. Although the cause of death was 

incomplete hanging in the second case, the authors thought that the cause of reduction in 

the space was secondary to postradiotherapeutic retraction after treatment of laryngeal 

carcinoma. In the third case, the person died from natural causes. However, the authors 

observed a “sword sheath” trachea without goiter, which could be an alteration of 

development and explains the cause of the reduction in the space between the hyoid bone 

and the larynx. In the fourth case, the person was killed by suffocation; therefore, the 

authors could not find any explanation for the reduction, except that the deceased had a 

short neck.  
 
 
 

 

 

 

 

 

Figure 3.12: Radiographic magnification of the hyoid-larynx complex: A and B 

(anterior-posterior view, latero-lateral view) show reduction of the space between hyoid 

bone and thyroid cartilage while figure C (left oblique view) shows an increase in the this 

space (Di Nunno et al., 2004). 
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In postmortem cases, the presence of knitted fractures in the laryngeal cartilages and hyoid 

bone suggests that the injuries occurred at least four weeks before death (Khokhlov, 1999). 

The author also suggested that fractures of the superior cornua are commonly associated 

with hanging (Figure 3.13). In addition, the author suggests that fracture of the lamella of 

the thyroid cartilage is an indicator of severe force being applied (Figure 3.13). Moreover, 

it is possible to estimate the direction of the force from the deformation of the lamella of 

the thyroid. Khokhlov (1999) also completed a study in 1996 (article in Russian) of 137 

cases of hanging, including 30 cases with strangulation with a loop and 12 with 

strangulation by hands. The author concluded that fracture of the lamellae of the thyroid 

cartilage are not typical for injuries resulting from hanging strangulation. Severe trauma to 

the cricoids cartilage may result in fissures on the internal surface and on the external 

surface of the arch on the right and/or the left side (Khokhlov, 1999). 

 

 

 

 

 

 

In 1997, Khokhlov examined 137 cases of suicidal hanging (in St. Petersburg, Russia) 

through autopsy procedure. The author found 75 cases (54.7%) had thyroid cartilage 

injuries. In addition, he found that in 41 cases the injuries were bilateral. Moreover, in 66% 

of the cases the injuries were located either in the base or in the inferior third of the cornua. 

Only three cases had injuries at the medial border of the lamellae. Fractures of thyroid 

cartilages were recorded in 48.4% of all cases. 

Figure 3.13: Bilateral knitted fractures of the superior cornua (left) and the left lamella of 

the thyroid cartilage (Khokhlov, 1999). 
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When Khokhlov (1997) examined the autopsy samples of the cricoid cartilage, the author 

found that 13 cases out of 137 cases of suicidal hanging showed injuries to the cricoid 

cartilage. In nine cases, the injuries were at the arch, while for the remainder (four cases), 

the injuries were at the arch and the quadrate part. Also, fissures made up 69% of injuries. 

In addition, Khokhlov examined 137 cases of suicidal hanging by palpation. The author 

found 88 cases with thyroid cartilage injuries. However, when completely dissected, 15 

cases were incorrectly diagnosed. Additionally, ten cases had shortened superior cornu 

because of the elongation of supplementary cartilage triticea and five cases had some kind 

of anomalies (four cases: mobile joining of the superior cornu with the lamella; one case: 

absence of the superior cornu). Khokhlov (1997) concluded that thyroid cartilage injuries 

could be easily detected by palpation because of their frequent formation in the proximal 

part of the superior cornu. Moreover, he argued that hyoid bone and/or thyroid cartilage 

injuries rarely exceed 15-25% in cases of hanging. 

 

 

3.6 Laryngeal trauma and imaging techniques in forensic setting 

Imaging techniques have an important role in clinical injuries for more immediate and 

accurate diagnosis. In addition, it will be of great value to use imaging techniques such as 

CT in a forensic setting. It is very useful in both postmortem examination and in 

documenting findings of forensic survived cases.  

 

 

3.6.1 Clinical forensic imaging 

Forensic examination of victims who survived crimes such as domestic violence and sexual 

assault played a large part in the emergence of what is now known as clinical forensic 

medicine (Yen et al., 2007). In survived cases, internal examination can only be done 

through imaging methods (e.g. CT and MRI) and through endoscopic examination. 

However, there are several studies which evaluated the use of CT imaging for forensic 

purposes in survived cases after blunt neck trauma for forensic purposes (Borowski et al., 

2004, Lupetin et al., 1998, Oh et al., 2007, Stanley and Hanson, 1983) and MRI imaging 

(Yen et al., 2005, Yen et al., 2007). All of these studies agreed that CT imaging is a very 

useful forensic tool to evaluate neck trauma of survived cases to determine the extent of the 

injury and to assess the life threatening nature.  
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It has been argued that chest and neck radiographs are not completely reliable for proper 

diagnoses of tracheal injuries (Hosny et al., 1995). Moreover, some forms of 

laryngotracheal injury may not be demonstrated easily through CT scan (Lupetin, 1997). A 

comparison study which evaluated CT and laryngoscopy in the examination of blunt 

laryngeal injuries, concluded that CT provided more details about laryngeal injuries in 

comparison to laryngoscopy (Scaglione et al., 1997).  

 

There are a few limitations in examining survived persons by CT and/or MRI. These 

limitations include the anxiety of patients after assault and from the MRI equipment being 

around their neck (e.g. neck coil) which may cause motion which affects the quality of the 

image. Also, sometimes the urgent need of the presence of medical staff and/or victims 

companions during the imaging will expose them to the radiation effects (Yen et al., 2007). 

 

3.6.2 Post-mortem Forensic imaging 

In postmortem examination, the assessment of laryngeal trauma includes an external 

examination and autopsy of the internal structures. Autopsy examination is usually 

performed to ascertain the cause of death and the mechanism of trauma. However, autopsy 

is an invasive method and consequently is not widely accepted by many families. To 

overcome this problem, several authors studied the possible application of imaging 

methods such as CT in postmortem examination (Aghayev et al., 2006, Bolliger et al., 

2005, Hayakawa et al., 2006, Leth, 2007, Leth, 2009, Reay et al., 1994, Thali et al., 2003, 

Wallace et al., 1994, Yen et al., 2005). In 2003, Thali and associates introduced what is 

known today as virtual autopsy (or Virtopsy), which describes the use of MRI and CT in 

postmortem examination. These studies demonstrated that CT findings corresponded to the 

autopsy findings. 
 

Scholing and associates (2009) conducted a systemic review study on 244 deceased persons 

with a median age of 13 (range 5-52 years) to assess the role of postmortem CT as an 

alternative for autopsy in determining the cause of death and the identification of specific 

injuries. They found that the percentage agreement on the cause of death varied between 

46% and 100% and the overall number of injuries detected on CT ranged from 53% to 

100% compared with autopsy. They concluded that postmortem CT is a viable alternative 

for a refused autopsy.  
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Another study by Sochor and associates (2008) on six subjects fatally injured in motor 

vehicle crashes who underwent a whole body postmortem CT and autopsy showed that the 

addition of postmortem CT to autopsy increased overall detection of AIS 3+ injuries  by 

28%. Moreover, postmortem CT detected 27% more AIS 3+ skeletal injuries than autopsy 

but 25% less soft tissue injuries. They suggested that postmortem CT should be used as an 

adjunct to autopsy rather than a replacement. 

Another study by Leth (2009), wherein 250 deceased cases underwent postmortem CT and 

autopsy, concluded that in 13% of patients important findings from the CT were not found 

at the autopsy, and in 48% of patients, important autopsy findings were not found in the 

CT. Moreover, CT was able to establish the cause of death in 31% cases, whereas the 

autopsy established the cause of death in 74% cases. The author concluded that CT is a 

very useful tool in the detection of gunshot wounds as well as in traffic accident injuries. 

In forensic medicine, strangulation is considered to be one of the assault methods that may 

lead to death. There are several forms of strangulation, such as hanging, manual, and 

ligature. One of the main duties of a forensic pathologist is to study the victim’s injuries in 

detail and estimate the cause of injuries. If the injuries resulted from strangulation, they 

have to determine the form of strangulation (e.g. manual, hanging). The main factor 

causing death in strangulation is the obstruction of the blood vessels, while narrowing of 

the airways plays a minor role (Di Maio and Dana, 2007). In addition, damaging the 

phrenic nerves can cause paralysis of the diaphragm, which may lead to death by way of 

cerebral hypoxia. 

In 2005, Yen and associates carried out a comparison study between MSCT, MRI, clinical 

examination, and autopsy data. They examined five deceased hanging victims and four 

deceased manual strangulation cases. In the deceased hanging cases, the radiological 

findings (CT, MRI) corresponded to the autopsy findings in detecting fractures of the 

laryngeal skeleton. Also, in the deceased manual strangulation cases, the fractures of the 

laryngeal skeleton were shown by both autopsy and radiological data. Moreover, for 

evaluation, the authors examined one survived case of manual strangulation. They did not 

detect any laryngeal injuries by both the clinical examination and MRI imaging. Yen and 

associates concluded that in cases of hanging and manual strangulation, MRI and CT 

(MSCT) are very powerful tools in forensic investigation. Also, the authors concluded that  
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MRI appears to be a positive tool in evaluating internal injuries after strangulation in 

comparison with classical examination method. 

 

In 1994, Wallace and associates performed a study to assess postmortem radiologic and 

pathologic findings by using CT, MRI and autopsy techniques, in judicial hangings. CT and 

MRI imaging showed various injuries to the neck, including the thyroid cartilage fracture, 

hemorrhage, and airway patency (Figure 3.14). These injuries were confirmed through 

autopsy.  

 

 

 

 

 

Postmortem CT can be advantageous in guiding the attention of the pathologist to specific 

areas of local abnormality that might otherwise be missed on a routine postmortem 

examination. Postmortem CT and autopsy are thus complementary, and each may disclose 

abnormalities missed by the other. 

 

3.7 The severity and the life threatening assessment of neck injuries 

The concept of a life threatening act is used in forensic medicine to describe the lesions that 

threaten one’s life. Forensically, the assessment of the severity of neck injuries focuses 

mainly on strangulation incidents.  In survived cases of strangulation, there are questions 

the forensic investigators have to answer. These questions include assessing the severity of  

Figure 3.14: CT of judicial hanging shows fracture of the thyroid cartilage (Wallace et al., 

1994).  
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the injury, the time and the force needed to cause a life-threatening injury. Most important 

is the estimation of the severity of the injury by analysing the finding of survived cases. 

Although strangulation is a serious act which may causes death, not every pressure on the 

neck is a life-threatening attack (Plattner et al., 2005). Some forensic experts would 

consider any pressure or grasp on the neck a life threatening act, while others conditioned 

the presence of petechiae and/or unconsciousness to describe the injury as a life threatening 

injury (Plattner et al., 2005). 

 

Plattner and associates (2005) classified the degree of severity of strangulation into three 

degrees as follow: 

 Light strangulation, confined to skin abrasions and/or reddening of the skin of the 

neck. 

 Moderate strangulation, defined as bruising to, and/or bleeding from the neck, 

and/or damage to deeper soft tissues or the larynx, as exhibited by the symptoms of 

sore throat, difficulty in swallowing, and hoarseness. 

 Severe, life threatening strangulation if the victim presents petechial bleedings as a 

result of venous congestion with or without accompanying loss of consciousness. 

 

In 2007, Yen and associates also suggested a standard protocol for assessing the severity of 

strangulation to the life. They used the following principles: 

 The presence of cerebral hypoxia, which results from vigorous pressure on the 

carotid arteries and the upper airways (critical neck structures).  

 The presence of internal hemorrhage, close to the critical neck structures, is a sign 

of a life threatening act. 

 Hemorrhage of the lymph nodes is also an indication of the severity of 

strangulation. 

 The presence of some clinical signs such as petechial bleeding confirms the danger 

of the act to the life. 

 A conclusion of the external examination, police reports, and radiological findings 

can be used to confirm the severity of the strangulation. 

 The forensic radiologists should be familiar with and able to distinguish between 

injuries which result from strangulation, and other injuries such as beating and blunt 

trauma. 
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However, there is a lack of a forensically established quantifiable and objective assessment 

for establishing the severity of forensic traumatic neck injuries other than strangulation. 

Therefore, some forensic experts use a very well established anatomical and physiological 

trauma scoring system, which has been developed for use in clinical situations, to assess the 

severity of neck trauma in forensic situations (Bilgin et al., 2005, Eryilmaz et al., 2009, 

Fedakar et al., 2007, Friedman et al., 1996, Günay et al., 2003). These scoring systems 

include the Abbreviated Injury Scale (AIS), the Injury Severity Score (ISS), and the New 

Injury Severity Score (NISS). 

  

In 1969, AIS was developed by the American Medical Association Committee on Medical 

Aspects of Automotive Safety. This was based on blunt trauma (Ali and Shepherd, 1994). 

In the AIS system, the body is divided into seven regions:  

1) External 

2) Head, including the face 

3) Neck 

4) Thorax 

5) Abdomen/pelvic contents 

6) Spine 

7) Extremities 

 

For each of these body regions a severity is used to describe individual injuries. These are 

classified as follows:   

1) Minor injury  

2)  Moderate injury  

3)  Serious injury (not life-threatening)  

4) Severe injury (life-threatening)  

5) Critical injury (survival uncertain) 

6) Maximum injury, virtually unsurvivable.  
 

The information for scoring each particular injury is obtained by referring to the AIS 

scoring chart (see appendix, Table 1 for a more detailed description). According to the AIS 

system, individual injuries with a score of three or less are considered non-life threatening 

injuries. Higher morbidity and mortality are usually associated with a higher AIS score  
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(four or more) (Osler, 1993). Generally, the higher the score the more severe the injury 

(Greenspan et al., 1985). The main limitation of the AIS scoring system is its inability to 

compare patients with multiple but dissimilar injuries. 

The ISS scoring system was developed by Baker and associates in 1974 to describe patients 

with multiple injuries (Baker et al., 1974). ISS can be calculated by determining the AIS 

value for the worst injuries in as many as three different body regions, squaring each score 

and totaling the result. ISS score ranges from 1-75 (Linn, 1995). However, if only one of 

the body regions has AIS score of six, it is automatically given an injury severity score of 

75. The cut-off points for ISS to describe an injury as a life-threatening injury was reported 

to be 14 or over (Fedakar et al., 2007). 

ISS was designed to measure the severity of the injury of all body regions. However, the 

ISS scoring system does not take into consideration multiple injuries in the same body 

region. Therefore, Osler and associates in 1997 introduced the New ISS (NISS) to 

overcome the limitation of ISS (Brenneman et al., 1998). The NISS is calculated as the sum 

of squares of the three most severe AIS injuries, regardless of body region. The cut-off 

points for NISS is 14 or over (Fedakar et al., 2007). 

The suitability and the accuracy of AIS, ISS, and NISS in the evaluation of the life 

threatening injury concept were studied by several papers. In 2003, Fedakar and associates 

examined 627 trauma patients admitted to the Emergency Department of the Uludag 

University Medical School Hospital (Turkey) for the diagnosis of life threatening injury by 

using trauma scoring systems (ISS, NISS, Glasgow Coma Scale (GCS), Revised Trauma 

Score (RTS), and the Trauma and Injury Severity Score (TRISS)). A life threatening injury 

was present in 35.2% of the cases examined.  The diagnosis of life threatening injury was 

confirmed by ISS with percentage of 88.7% and by NISS with percentage of 86.6%. The 

authors concluded that ISS and NISS appeared to be the best trauma scoring systems that 

can be used for the diagnosis of life threatening injury. 

A further study investigated the effectiveness and usefulness of the trauma scores (ISS, 

RTS, ad TRISS) in determining the life threatening condition of trauma victims from a 

forensic aspect, in order to write accurate medical-legal reports (Bilgin et al., 2005). The 

authors examined 296 forensic cases with blunt and penetrating trauma admitted to the 

emergency department of Mersin University, Medical Faculty Hospital (Mersin, Turkey)  
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between 2001 and 2003. They concluded that the ISS was the most successful scoring 

system in distinguishing traumatised patients, whether in a life threatening or non-life 

threatening condition.  

A comparison study between ISS and NISS in patients with blunt trauma (n = 2,328) was 

performed between 1992 and 1996 at Sunnybrook Health Science Centre (Toronto, 

Canada) (Brenneman et al., 1998). They concluded that ISS and NISS results were identical 

in 32% of patients and discrepant in 68% of patients. The NISS was more discriminate 

across the full range of potential scores. Moreover, patients with identical scores had a 

significantly lower mortality rate than patients with discrepant scores. They also noted a 

significantly greater Receiver Operating Characteristic (ROC) area with NISS than the ISS. 

The authors suggested that the NISS may be more accurate than the ISS in predicting short 

term mortality following blunt trauma. 

The applicability of the AIS and the ISS systems for postmortem forensic documentation of 

trauma was also investigated (Friedman et al., 1996). Friedman and associates (1996) 

examined 279 trauma- related autopsies between January and June 1993 and all cases were 

coded according to the AIS and ISS scoring systems. They concluded that ISS was zero-14 

in 6.8% of the cases, 16-66 in 54% of the cases, and 75 in the remaining cases. The authors 

concluded that AIS and ISS scoring systems are suitable in trauma forensic documentation. 

Furthermore, they suggested that low ISS scores could occasionally be used as an indicator 

of preventable death.  

A retrospective study examined 21 autopsy reports and scored them according to both the 

AIS and the ISS to evaluate the use of these scoring systems in forensic application (Adams 

and Carrubba, 1998). The authors found that AIS codes are adequate for wounds of skin, 

long bones, and wounds of thoracic and abdominal viscera. However, AIS codes were 

inadequate for muscle wounds covered by skin, serious craniocerebral and cervicovertebral 

wounds in comparison with autopsy. The authors concluded that AIS and ISS can be used 

to assume that the lethal mechanism is anatomical, not purely physiologic. In addition, they 

suggested that low AIS and ISS scores in a blunt and penetrating trauma is an indicator of 

physiologic death mechanisms or therapeutic problems. 

Another study compared the Turkish Injury Scale with the Abbreviated Injury Scale to 

evaluate the severity of the victim’s injury (Günay et al., 2003). A total of 984 legal reports  
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were investigated, inscribed by the Traumatology Department, Turkish Council of Forensic 

Medicine. They found an overall compatibility of the two systems in 83.2% of the cases. 

Also, they argued that the AIS correlates well with the probability of death when AIS is 

equal or more than three. 

 

3.8 Laryngeal cartilages ossification and age estimation 

The thyroid, cricoids, and major part of the arytenoids cartilages consist of hyaline 

cartilages that tend to ossify as age advances. The pattern of laryngeal cartilages 

ossification makes it an interesting structure to investigate forensically for the purpose of 

age estimation. 

 

The calcification and ossification process of the thyroid, cricoid, and greater part of 

arytenoids have been reported to commence at about the age of 20 and is typically 

complete by the age of 61 (Di Nunno et al., 2004). However, Standring (2005) stated that 

the process of calcification of laryngeal cartilage starts at the age of 25 and ends around 65 

years of age when it appears dense in radiographs to a variable extent. Furthermore, 

ossification of the thyroid cartilage has been observed in a male patient aged 14 in a 

retrospective study conducted between 1998 and 2000 (Pennsylvania, USA) (Mupparapu 

and Vuppalapati, 2005). This process usually starts in the thyroid and somewhat later in the 

cricoid and arytenoids with different degrees of calcification. 

Moreover, it has been observed that the frequency of both thyroid and cricoids cartilage 

ossifications is higher in males than females (de la Grandmaison et al., 2003, Jurik, 1984, 

Mupparapu and Vuppalapati, 2005). Another study could not find any significant 

correlation between ossification rate and age for either men and women (Dang-Tran et al., 

2010). 

The ossification of laryngeal cartilages has been investigated by several authors 

(Mupparapu and Vuppalapati, 2005, Yeager et al., 1982). Also, several other studies 

examined the correlation between the degree of laryngeal cartilages ossification and the 

estimation of the age of the individuals (Dang-Tran et al., 2010, de la Grandmaison et al., 

2003, Garvin, 2008). 
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In 1958, Keen and Wainwright published a study on the ossification of thyroid, cricoid, and 

arytenoids cartilages based on 133 postmortem specimens. 129 specimens were from 

African patients and four from Indian patients with an age range from nine to 76 years. 

They produced a series of x-ray photographs of the laryngeal cartilages, which defined the 

pattern of progressive ossification that was described separately for the thyroid, cricoids, 

and arytenoids cartilages for both sexes. Turk and Hogg (1993) further divided these stages 

into recognisable stages. De La Grandmaison and associates (2003) studied the degree of 

laryngeal radiopacity of 82 laryngeal specimens removed during forensic autopsies with an 

age ranging from 16-92 years, to estimate age at death. They used the classification of 

Keen and Wainwright to evaluate the degree of laryngeal cartilages radiopacity. Their 

study showed a positive correlation between the degree of laryngeal opacity and age at 

death (correlation coefficient was 0.74) and the standard error was equal to 12.7 years. 

They concluded that because of the wide inter-individual variability in the same age class, 

the Keen and Wainwright method should be associated with more accurate methods when 

determining the age at death. 

Furthermore, Sugiyama and associates (1995a) estimated the age at death based on image 

processing of soft x-ray pictures of thyroid cartilage from 501 Japanese males. They 

reported a high correlation coefficient (0.96) between ossification rates and age at death. 

However, they did not take into consideration inter-individual variability. Also, the same 

authors did a similar study on 513 Japanese female thyroid cartilages using the same 

method (Sugiyama et al., 1995b). They found that the accuracies of age estimation was 

60% or more for the age range of +/- 5 years and about 80% for the age range of +/- 8 

years. Another study examined 312 CT examinations of patients with an age ranging from 

3 days to 98 years (mean age was 46 years), in order to study thyroid cartilage ossification 

and its potential usage in age estimation (Dang-Tran et al., 2010). They recorded 

correlation coefficients were 0.73 for men (18.02 standard error) and 0.75 for women 

(17.06 standard error). The authors concluded that the considerable inter-individual age 

variability makes methods based on thyroid cartilage ossification largely inaccurate for age 

estimation.  

In 1983, Černý published a phase method chart to estimate age from thyroid cartilage 

ossification based on five cases of white males with a minimum age of 54 years (Krogman 

and Iscan, 1986). This phase chart is widely used by some forensic experts as a reference to  
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estimate age of individuals through thyroid cartilage ossification. The accuracy and 

reliability of the Černý method of determining age from thyroid cartilage ossification was 

investigated by Heather Garvin in a recent study (2008). Garvin examined the ossification 

pattern of thyroid and cricoid cartilages in a study consisting of 104 radiographs of isolated 

throat sections with an age range of 15 to 89 years. Although it was noted that the degree 

and frequency of ossification of thyroid cartilage increased with age, the ossification of 

specific areas was not highly correlated with age. Furthermore, a very large degree of 

overlapping age ranges was observed when applying Černý’s method. Therefore, more 

studies are needed to confirm the lack of accuracy of Černý’s method be used in forensic 

settings.  
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CHAPTER 4 

MATERIALS AND METHODS 

4.1 Subjects  

A total of five patients were included in this study (four survived cases and one deceased) 

(Table 5.1). The inclusion criteria were trauma of tracheal and/or laryngeal skeleton injuries 

treated from 2006 to 2009 at the ENT clinic, Fremantle Hospital, Western Australia. 

Information and data were collected retrospectively from medical records, autopsy and 

radiological reports. Radiological images were also analysed. The five patients included 

three females and two males, with an average age of 44 years (range 19 to 71 years). The 

study involved three cases with injuries which resulted from blunt trauma caused by an 

alleged boating accident and sporting accidents; as well as two cases with injuries as a 

result of medical malpractice. Four patients (Cases One to Four) were seen and examined 

by a medical doctor within 24 hours following the trauma. The longest delay in a patient 

visiting the hospital was six weeks after the trauma (Case Five). 

There was only one mortality case in the present study (Case Three). Postmortem 

examination determined the cause of death to be cardiac arrest. Antecedent causes included 

severe septic shock, multiple organ failure (acute renal failure, respiratory and 

cardiovascular failure) and ischaemic right leg. I collected details of each case including the 

sex, age, cause of injury, clinical presentations, radiological findings, management 

procedures and autopsy findings. 

 

4.2 Medical imaging, laryngoscopy and management 

Computed tomography of the neck was employed in all patients. CT imaging for all cases 

was performed by different qualified radiologists who are licensed in the state of Western 

Australia (Australia) and they were blinded to the patient’s findings. This is a retrospective 

study and I did not have control over standardising the imaging techniques and/or assigning 

one examiner to evaluate the images. In addition, the patients and/or their relatives 

completed consent forms upon admission.  

 

CT studies of Case One and Case Two were performed on a GE 4-slice CT scanner 

(LightSpeed GX/i, General Electric Medical Systems, Waukesha, WI). The Protocol 

included acquisitions of 4mm-thick and 2mm-thin sections performed from the epiglottis to  
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the second tracheal rings with the administration of intravenous contrast in Case One and 

acquisitions of 2.5mm-thick and 2.25mm-thin sections performed from the hyoid bone to 

the third tracheal rings with also intravenous contrast in Case Two. CT studies of Case 

Three and Case Four were performed on a 64-slice Philips Brilliance CT scanner (Philips 

Medical Systems, Cleveland, Ohio). The Protocol included acquisitions of 3mm-thick and 

0.9mm-thin sections performed from the orbital cavity to the fifth tracheal rings (Case 

Three) and acquisitions of 3mm-thick and 1mm-thin sections performed from the mandible 

to the third thoracic vertebrae (Case Four). The details of CT scan system which has been 

used to image Case Five were not available as the patient did the CT examinations away 

from the hospital; however, the CT imaging was available without details about the 

scanning parameters. The CT imaging was performed from the level of the hyoid bone to 

the third tracheal ring.  

 

All patients underwent direct or indirect laryngoscopy to determine the site and extent of 

injury. Patient management consisted of observation, supportive care, voice rehabilitation, 

swallowing rehabilitation, tracheostomy, surgical exploration and surgical repair using 

stent. 

 

 

4.3 Postmortem examination (autopsy) 

A board-certified forensic pathologist Dr. Cindy Forrest (Path West-Laboratory Medicine, 

Fremantle Hospital, Western Australia) performed the standard forensic examination (Case 

Three). The patient's family requested the postmortem examination to find out the reasons 

for severe pneumonia and leg ischaemia.  

 

 

4.4 Mechanism of the injury 

The mechanism of injury is classified as either blunt or penetrating. Injuries which were 

caused by blunt objects such as a steering wheel or dashboard (e.g. MVA or boating 

accident) and injuries resulting from sporting accidents which involved a cricket ball or 

surfboard were classified as a blunt trauma. In this study, there are two cases with injuries 

to the laryngotracheal complex as a result of medical malpractice, which were caused by  
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tracheostomy and endoscopy tubes. These types of injuries were classified as penetrating 

trauma resulting from sharp objects.  

 

The correlation between the injuries and the mechanism and the pattern of each injury was 

performed based on analysing the clinical CT images, medical history of the patient’s case 

and the information provided by the patients and their relatives.  

 

 

4.5 Life threatening assessment 

The assessment of whether the injury is life threatening or not was carried out according to 

the Abbreviated Injury Scale (AIS) the Injury Severity Score (ISS), and the New Injury 

Severity Score (NISS). ISS and NISS are derivatives of AIS. AIS is an anatomical scoring 

system used to describe the severity of the injuries in clinical cases. (see appendix, Table 1 

for more detailed description). 

 

In the AIS system, the body is divided into seven regions (external, head including the face, 

neck, thorax, abdomen/pelvic contents, spine, and extremities). However, only four regions 

(external, head, neck, and thorax) are included in this study since all the cases scored zero 

in all the other regions (Table 5.2). This study aimed to focus only on injuries to the neck. 

However, in the assessment of the life threatening condition of the injuries, I included body 

regions other than the neck because these regions acquired associated injuries as a result of 

the primary injury to the neck and/or developed some complications secondary to the 

primary injury.  

 

 

4.6 Ossification of the cartilages 

The relationship between age and ossification of the laryngeal cartilages (thyroid, cricoid, 

arytenoid) was also investigated. The degree of ossification of the thyroid cartilage in both 

male and female was scored using Černý phase method (Krogman and Iscan, 1986).  

Additionally, the pattern of ossification of the thyroid, cricoid and arytenoid cartilages was 

evaluated with the help of the Turk and Hogg ossification stages (Turk and Hogg, 1993). 

This study aimed to further investigate the reliability and accuracy of both Černý phase 

method and the Turk and Hogg classification. 
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4.6.1 Černý method  

In 1983, Černý produced a chart and diagrams showing the patterns of thyroid cartilage 

ossification and corresponding age ranges. Although, the Černý phase method was based on 

a total of five ossified thyroids from ''white'' males with a minimum age of 54 years, it is 

still the most common reference used to estimate age from thyroid cartilage ossification 

(Garvin, 2008). Černý described nine phases of thyroid cartilage ossification between the 

ages of 15 to 68 years (Figure 4.1). The nine phases are described as follows (Krogman and 

Iscan, 1986): 
 

Phase 1 – (15-17 years): the first ossification centre makes its appearance in the lower 

portion of the future lateral bar. 

Phase 2 – (18-21): The centres of ossification at the base of the inferior horn or on its 

very end and those in the area of the inferior thyroid tubercle fuse to form the so-called 

lower posterior triangle. (Later on, ossification progresses from this triangle in all 

directions – caudally, cranially as well as towards the middle of the cartilage on its 

lower branch.) 

Phase 3 – (21-26 years): Ossification of the inferior horn. 

Phase 4 – (25.5 – 31 years): Ossification of the superior horn. 

Phase 5 – (28-39 years): Ossification of the lower branch. In the fourth decade of life, 

the right side and the left side of the lower branch fuse in the midline. 

Phase 6 – (37.5-45 years): Ossification of the paramedian process and its development 

into the paramedian bar. 

Phase 7 – (48-53.5 years): Development of the posterior window and formation of the 

median process. 

Phase 8 – (51-58 years): Ossification of the upper branch and growth of the median 

process into a bar fusing with the upper branch. 

Phase 9 – (57-68 years): Formation of the anterior window and completion of 

ossification of the right and left laminae. 
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Figure 4.1: Černý chart. Anatomy of the thyroid cartilage (A): (1) lower posterior triangle; 

(2) lower (caudal) branch; (3) upper (cranial) branch; (4) paramedian process; (5) median 

process; (6) lateral bar; (7) paramedian bar; (8) median bar; (9) posterior window; (10) 

anterior window. The degree and progression of thyroid cartilage ossification in males (B) 

(Krogman and Iscan, 1986). 
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4.6.2 Turk and Hogg ossification stages 

In 1958, Keen and Wainwright described the ossification pattern of laryngeal cartilages 

(thyroid, cricoid, arytenoid) in five series of stages for both sexes based on radiographic 

postmortem examination of 133 larynx (Keen and Wainwright, 1958). These stages have 

been further divided into recognisable stages by Turk and Hogg (1993). Table 4.1 and 

figure 4.2 illustrate the stages of radiographic opacity of the laryngeal cartilages (thyroid, 

cricoid, arytenoid) in both sexes (Turk and Hogg, 1993). 

 

 

 

 

 

 

 

 

 

Figure 4.2: Turk and Hogg classification. The thyroid cartilage (A), cricoid cartilage (B) 

and arytenoid cartilage (C) in both sexes (Turk and Hogg, 1993) 
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Cartilage  Stage   Sex  Description  

Thyroid  I 
 

M  Opacity started in the inferior horn and spread upward in the 
posterior one-third of the lamina and along the inferior border of the 
lamina to the midline. 

F Same as male. 
 

II 
 

M Opacity observed in the midline and extending toward the inferior 
and superior borders. 

F Opacity extending from the inferior horn along the posterior border 
of the lamina into the superior horn. 
 

III 
 

M Opacity of the superior horns and varying degrees of opacity of the 
superior one-third of the lamina. 

F Opacity extended anteriorly a variable distance into the lamina. 
Also, it could be seen along the superior border. 
 

IV M The cartilage almost entirely radio-opaque, except for radiolucent 
areas in the middle part of the lamina.  

F  Same as male. 
 

V M Complete opacity of the cartilage. 
F No complete opacity of the cartilage could be seen. 

 
Cricoid  I 

 
M Opacity along the superior border of the lamina in one or two areas 

on each side. 
F Same as male.  

 
II 
 

M Opacity across the midline in the superior half of the lamina. 

F Opacity spreading into the posterior half of the arch and into the 
inferior part of the lamina, but centers of opacity had not united in 
the midline. 
 

III 
 

M The inferior half of the lamina showing varying degree of opacity 
along with the posterior half of the arch. 

F Opacity united in the midline and involving a variable degree of the 
arch. 
 

IV M Opacity involving the anterior half of the arch partially or 
completely. 

F The cartilage is completely or almost completely radio-opaque. 
 

Arytenoid  I M Opacity in the muscular process. 
F Same as male. 

  
II M Radio-opacity in most of the muscular process and the body. 

F Same as male.  
 

III M Opacity spreading up the posterior border of the apex. 

F Same as male. 

Table 4.1: Stages of radiographic opacity of the laryngeal cartilages in both sexes (Turk 

and Hogg, 1993). 
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CHAPTER 5 

RESULTS 
 

5.1 Mechanism of injury 

Three cases in this study had blunt trauma and the remaining two cases had penetrating 

trauma (Table 5.1). The first blunt trauma case (Case One) was a woman who had been 

struck in the front of her neck by a surfboard. This injury caused a fracture of the cricoid 

cartilage. The second blunt trauma (Case Two) resulted from a cricket ball hitting the 

patient’s neck anteriorly leading to a thyroid cartilage fracture. The last blunt trauma case 

(Case Four) was a female passenger on a boat which hit a concrete pylon at unknown 

speed. Her face allegedly hit the dashboard, which caused laryngopharyngeal separation, 

separation of epiglottis and fracture of the thyroid cartilage. The two penetrating trauma 

cases had iatrogenic injuries as a complication of intubation procedures which resulted in 

the rupture of the posterior wall of the second to fifth tracheal rings (Case Three) and 

dislocation of the left arytenoid cartilage (Case Five).  

 

 

5.2 CT and laryngoscopy findings 

Case One: Axial helical multislice CT imaging was performed through the neck with 

intravenous contrast (Figure 5.1). It shows a comminuted fracture through the left side of 

the posterior aspect of the cricoid cartilage with intra and extralaryngeal haematoma. The 

left side of the cricoid is displaced slightly antero-superiorly, which resulted in some 

distortion in the position of the arytenoids to the left. The left vocal cord is displaced 

medially as a result of a soft tissue mass extending superiorly from the level of the cricoid 

fracture to a supraglottic position. It caused narrowing of the airway at the level of the 

glottis and infraglottic larynx. The airway does remain patent. No subcutaneous 

emphysema was seen in the extralaryngeal location without evidence of a cervical spine 

fracture. Nasolaryngoscopy showed left vocal cord haematoma, left arytenoids and 

aryepiglottic fold haematoma. 



 Case 1 Case 2 Case 3 Case 4 Case 5 
Age 38 32 61 19 71 

Sex F M F F M 
Cause of 
trauma 

Sporting accident Sporting accident Medical malpractice Boating accident Medical 
malpractice 

Mechanism  
of injury 

Blunt Blunt Penetrating  Blunt Penetrating  

Diagnostic 
methods 

Laryngoscopy  
CT 

Laryngoscopy  
CT 

Laryngoscopy 
Surgical exploration 
CT 

Laryngoscopy 
Surgical exploration 
CT 

Laryngoscopy  
CT 

Clinical 
 findings 

Pain, Bruising,  Redness, 
Tenderness, Hoarseness, 
Dysphagia, Dysphonia, 
Hemoptysis.  

Pain, Tenderness, 
Hoarseness, 
Dysohagia, 
Dysphonia,  

Pain, Deviation of 
larynx, Redness,  
Swelling. 

Bruising, Pain, Redness,  
Tenderness, Deviation of larynx, 
Hoarseness, Dysphagia, Dyspnea,  
Dysphonia. 

Hoarseness. 

CT findings Extralaryngeal 
Haematoma, 
Intralaryngeal 
Haematoma, Cricoid 
Fracture, Dislocation 
of  left Arytenoid. 

Subcuataneous 
emphysema, 
Extralaryngeal 
Haematoma, 
Intralaryngeal 
Haematoma,  
Thyroid Fracture. 

Subcutaneous 
emphysema, 
Extralaryngeal 
Haematoma, 
Intralaryngeal 
Haematoma, 
pneumomediastinum 
pneumopericardium 
pneumothorax.  

Subcutaneous emphysema, 
Extralaryngeal Haematoma, 
Intralaryngeal Haematoma, 
Thyroid fracture, Dislocation of 
Epiglottis, Mandibular fracture, 
Maxillulary fracture, Multiple 
dental injuries, Foramen 
transversarium bilateral fracture 
(C6). 

Dislocation of the 
left Arytenoid. 

Laryngoscopy 
findings 

Arytenoid Dislocation, 
Vocal cord Haematoma. 
aryepiglottic fold 
haematoma 

Vocal cord 
haematoma, airway 
swelling. 

Tracheal rings 2-5 
posterior wall rupture. 

Dislocation of Epiglottis, Vocal 
cord haematoma, airway swelling 

Minimal 
movement of left 
vocal cord. 

Surgical 
findings 

-------------- ------------ Tracheal rings 2-5 
posterior wall rupture. 

Laryngopharyngeal separation ------------ 

Autopsy 
findings 

------------- ------------ Granulation tissue and 
erythema around the 
tracheostomy site. 

------------- ------------ 

Life 
threatening 
condition 

 Present Present Present Present Present 

Disposition  Alive Alive Deceased Alive Alive 

 C
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Figure 5.1: CT images show comminuted fracture through the left side of the posterior 

aspect of the cricoids with anterior displacement (E, F: black arrow) which results in 

narrowing of the airway (E, F: white arrow). Hyoid bone appears normal (A, B: white-

curved arrow). Superior horn (C: black-block arrow); inferior horn (E: black-block arrow); 

thyroid lamina (C, D: white-block arrow); cricoid cartilage (E, F: black arrow); corniculate 

cartilage (D: black-arrow head); arytenoid cartilage (D: triangle) show almost complete 

opacity. 
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Case Two: CT with intravenous contrast was performed. A mildly displaced fracture of the 

right thyroid ala was noted just lateral, and inferior to the laryngeal prominence and 

undisplaced fracture of the left thyroid ala (Figure 5.2). The anterior fragment tilted 

laterally, and a small volume of gas was present superior to the fracture. Soft tissue 

oedema/haematoma was  noted deep to the left thyroid ala, and this distorts the supraglottic 

airway, resulting in a mild reduction in airway diameter. The swelling extended superiorly, 

affected the left vallecula, and extended inferiorly to the level of the most superior extent of 

the cricoid cartilage. Clinical examination revealed soft tissue injury to the vocal cords. 

Alignment of the cervical spine was normal and the major neck vessels opacified normally. 
 

 

 

 

 

Figure 5.2: Series of CT images show two sites of displaced fractures of right thyroid ala and 
undisplaced fracture of the left thyroid ala (C: white arrow). Also, haematoma can be seen deep to 
the left thyroid ala (D, D, E: black arrow). Hyoid bone appears normal (A: curved arrow). Superior 
horn (B: black-block arrow); inferior horn (I: black-block arrow); corniculate cartilage (D: black-
arrow head) and arytenoid cartilage (F: white-arrow head) show complete opacity. The thyroid 
lamina (C, G: white arrow) and cricoid cartilage (G, H black-dot arrow) show partial opacity. 
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Case Three: The CT scan showed extensive air leak with large volume of subcutaneous 

emphysema, pneumomediastinum, pneumopericardium and right pneumothorax (Figure 

5.3). The tracheaostomy tube was in situ with its tracheal entry being at the level of the 

seventh cervical vertebra (C7) and its lower tip being at the level of the second thoracic 

vertebra (T2). The tracheostomy tube balloon inflated to a diameter of 35mm, which was 

approximately twice the diameter of the normal trachea. It was conceivable that a portion of 

the tracheostomy tube balloon was extra-tracheal.  

 

 

 

 

Figure 5.3: Severe bilateral subcutaneous emphysema can be seen at the level of the hyoid bone, 
laryngeal cartilages and the trachea (A-I) which caused leftward deviation of the larynx, trachea and 
also the esophagus ( B: white-solid arrow). Image (F) shows the beginning of the tracheal rings 
(white-solid arrow). The tracheostomy tube can be seen in situ (G, H, I: star). Hyoid bone is normal 
(A: curved-block arrow). Complete opacity is shown by superior horn (B: white-block arrow); 
inferior horn (E: white-block arrow); arytenoid cartilage (C: arrowhead). However, partial opacity is 
seen in the thyroid lamina (D: curved-solid arrow) and cricoid cartilage (D, E: white-dot arrow). 
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The trachea immediately above the tracheostomy balloon has leftward deviation. The 

trachea below the tracheostomy balloon was patent. Neither intravenous gas nor drainable 

liquid collection was observed in the neck. 

Fibroscopic endoscopy revealed a posterior tearing in the upper trachea. Surgical 

exploration confirmed the rupture of the posterior part of the second to the fifth tracheal 

cartilage rings with mobile segment. Right posterolateral tracheal circumference was 

dehiscent with preservation of tracheal adventitia only.  
 

 

Case Four: CT scan of the neck (including CT angiogram of neck vessels) before surgical 

exploration procedure showed extensive surgical emphysema (Figure 5.4). Marked 

haematoma/fluid surrounding the endotracheal tube at the level of the hypopharynx and 

larynx plus pre-vertebral soft tissue swelling was demonstrated. Surgical exploration 

revealed traumatic laryngopharyngeal separation and separation of epiglottis from the 

thyroid cartilage with fracture of the cartilage. There were comminuted fractures of the 

right body of the mandible and mental mandible, intra-articular fracture of the right 

mandibular head, multiple dental injuries, and fractures of the anterior maxilla involving 

the upper and lower incisors. The hyoid bone appeared intact. Bilateral fractures of the 

foramen transversarium of the sixth cervical vertebra (C6) with minimal displacement was 

evident (Figure 5.4). No evidence of carotid or vertebral artery dissection was seen. CT 

scan of thorax showed pneumothorax, extensive subcutaneous emphysema and 

pneumomediastinum.  
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Case Five: CT scan of the neck showed that the left arytenoid displaced anteriorly and 

medially from the left posterolateral facet of the cricoids (Figure 5.5). This bowed the 

posterior left vocal fold medially. No soft tissue mass oedema was seen. The right arytenoid  

positioned normally on the cricoid. Endoscopy examination demonstrated minimal 

movement of left vocal cord. 

Figure 5.4: Transverse and coronal CT images show extensive surgical emphysema, pre-vertebral 

soft tissue swelling and marked haematoma surrounding the endotracheal tube. There is an increase 

in the physiological space between hyoid bone (B, F: white-block arrow) and the larynx (C, G, I: 

white-solid arrow). Endotracheal tube can be seen in situ (B, G: white-dot arrow). Comminuted 

fractures of the right body of the mandible (A: curved-block arrow). Hyoid bone appears normal (B, 

F: white-block arrow). Left Superior horn (C, I: white-solid arrow) and inferior horns (E, G, H: 

arrowhead) show complete opacity. Thyroid ala show partial opacity (G: white solid arrow). 
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5.3 Ossification stages according to CT imaging 

Case One: There was a complete opacity of the inferior horn, the superior horn, and the 

inferior border of the lamina apart from radiolucent areas in the superior border and the 

anterior midline of the lamina. The cricoid cartilage showed complete bilateral opacity of 

the superior part of the lamina and a variable degree of the arch, but the midline, the 

inferior part of the lamina and the anterior part of the arch showed partial opacity. The 

arytenoid cartilages were almost completely radio-opaque (Figure 5.1).  

 

Case Two: There was a complete opacity of the superior horn, inferior horn, and the 

posterior half of the inferior border and the vertical part extending upward into the anterior 

midline of the lamina. Nevertheless, the superior border and the anterior half of the inferior 

border of the lamina showed radiolucent areas. The arytenoid cartilages showed partial  

Figure 5.5: CT images show anteromedial displacement of the left arytenoid cartilage (C: white-

block arrow). Hyoid bone appears normal (A: white-curved arrow). Complete ossification can be 

seen in the following structures: superior horn (B: white-solid arrow), inferior horn (E: white-solid 

arrow), midline of thyroid lamina (C: white-dot arrow), thyroid lamina (D: white-solid arrow), 

arytenoid cartilage (C: white-arrow head), corniculate cartilage (C: black-arrow head), and the 

cricoid cartilage (D, E, F: black-solid arrow). 



Chapter 5                                                                                                                                                             61 

opacity. Also, opacity of the lamina and the posterior one-third of the arch of the cricoid 

cartilage can be observed (Figure 5.2).  

 

Case Three: The inferior horn, superior horn, the posterior half of the inferior border and 

the lower part of the anterior midline of the lamina all showed complete opacity. However, 

the superior border and the anterior half of inferior border of the lamina did not show 

opacity. The bases of the arytenoid cartilages showed complete opacity. The inner and the 

outer surfaces of the lamina and the posterior one-third of arch of the cricoid cartilage 

showed complete opacity (Figure 5.3). 

  

Case Four: This case showed complete opacity of the left superior horn and the inferior 

horns, while the lower parts of the thyroid lamina are radiolucent. The upper parts of the 

thyroid lamina, the cricoid cartilage, and the arytenoid cartilages did not show any opacity 

(Figure 5.4).  

 

Case Five: Complete opacity was present in the superior horn, inferior horn, anterior 

midline of the thyroid lamina, and the inferior border of the thyroid lamina. The superior 

border of the thyroid lamina showed radiolucent areas. The arytenoid cartilages showed 

partial opacity. The coricoid cartilage showed almost complete opacity (Figure 5.5). 

 

5.4 Life threatening assessment 

Cases One, Two, and Five had an AIS score of four except cases Three and Four, which 

scored five when the injuries to the neck region has been assessed (Table 5.2). According to 

the AIS scoring system, any injury with a score of four or more is considered a life 

threatening injury. Therefore, a life threatening condition was present in all the cases of the 

current study.  

 

The minimum ISS value was 16 (Case Five) and the maximum was 45 (Case Three). 

According to a recently published study, ISS value of 14 or more was associated with the 

decision of life threatening injury (Fedakar et al., 2007). Therefore, all the cases had life 

threatening incidents. The ISS score gives an indication regarding the severity of the 

various cases. Table 5.2 also shows that Case Three was more severe than the other cases, 

which was reflected by the medical complications that caused the death of this patient. 
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By comparison, the minimum NISS score was 17 (Case Five) and the maximum score was 

57 (Case Three). Similar to ISS, any injury scores 14 or more on NISS scale was 

considered a life threatening injury.  Therefore, all the cases would be considered to be life 

threatening. 
 

 

 

Body region              AIS highest 3 scores           
   Case 1 Case 2 Case 3    Case 4 Case 5 

External 
Head 

(0,1,2) 
 (0,0,1) 

(0,0,1) 
(0,0,1) 

0 
(0,0,2) 

   (0,0,1) 
  (0,1,2) 

     0 
     0 

Face 
Neck 

 0 
 (1,2,4) 

0 
(1,2,4) 

0 
(2,4,5) 

  (0,1,2) 
  (2,4,5) 

        0 
    (0,1,4) 

Thorax  0 0 (0,3,4)       0       0 

ISS score 21 18  45 33   16 
NISS score         24    21 57    45   17 

 

 

*ISS score (sum of squares of three most severe body regions). 
 

*NISS score (sum of squares of three most severe AIS injuries regardless of body region). 

 

5.5 Autopsy findings 

There was one mortality case in the present study (Case Three). Given the patient's clinical 

condition of severe septic shock in conjunction with renal failure, respiratory failure, and 

DVT causing an ischaemic limb, treatment was withdrawn following discussion and 

agreement with the patient’s family. The patient was declared deceased several hours later. 

Postmortem examination determined the cause of the death to be cardiac arrest. Antecedent 

causes included severe septic shock, multiple organ failure (acute renal failure, respiratory 

and cardiovascular failure) and ischaemic right leg. In the autopsy report, the larynx 

appeared normal. Areas of granulation tissue and erythema were seen around the 

tracheostomy site. There were no other perforations or adjacent mucosal abnormalities 

observed. 

 

 

 

 

Table 5.2: Trauma scoring systems (AIS, ISS, NISS). 
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CHAPTER 6 

DISCUSSION 

6.1 Introduction 

The neck is a very vulnerable area enabling access to vital structures such as the trachea, 

larynx, and large vessels. Incisions, stabs, blows and manual pressure to the neck area can 

therefore prove very dangerous. 

 

CT scan is one of the most effective diagnostic tools for upper airways lesions 

(Verschueren et al., 2006). By using CT, damage to the internal structures of the neck can 

be visualised in order to present findings that are more objective. Therefore, forensic 

experts should understand the normal CT appearance of laryngotracheal anatomy in order 

to interpret CT findings correctly. Recently, the CT imaging technique was introduced as 

an investigation tool in the field of forensic medicine and pathology to evaluate both 

survivor and deceased cases (Aghayev et al., 2006, Bolliger et al., 2005, Leth, 2007, 

Lupetin et al., 1998, Scaglione et al., 1997, Thali et al., 2003, Wallace et al., 1994, Yen et 

al., 2005). 

 

This study reviewed five cases; the average age of patients with laryngotracheal injuries 

was 44 years (range 19 to 71 years). In the current study, three cases had blunt injuries (two 

sporting accidents, one boating accident) and two cases had penetrating injuries (iatrogenic 

causes). It should be noted that the sporting accidents resulted from two sports which are 

very popular in Western Australia, surfboarding and cricket; injuries were caused by a 

surfboard and a cricket ball. The common cause of laryngeal injuries differs from country 

to country depending on several issues, such as the type of activities people commonly 

practice and the methods of transportation. Therefore, the need to investigate the causes of 

laryngotracheal trauma in Australia, particularly in Western Australia, is very important in 

order to find solutions to minimise these causes and to consider them clinically and 

forensically. 

 

6.2 Mechanism of the injury  

From a forensic point of view, the mechanism of the injury, the amount of force, and the 

direction of force that caused the injury, should be estimated to gain knowledge about the 

incident, especially in the forensic examination of survivor cases. There are several sources 
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which could be used to collect this information such as witnesses, victim's report, the crime 

scene, photos, as well as radiological images (e.g., CT).  

 

In the current study, clinical CT images, injury circumstances, and the medical history of 

the individual cases are used to determine the mechanism and the extent of the injury. 

When forensic experts study the CT images, they should consider all the possible variables 

such as age, gender, site of injury, cause of the injury (e.g., dashboard), and underlying 

health conditions of victims.  

 

The CT images of Case One showed fracture of the left side of the posterior aspect of the 

cricoid cartilage approximately around the connection of the lamina with the arch. In this 

case, a lateromedially force (surfboard) with a direction towards the left side caused an 

ipsilateral laminar fracture on the left side with inward angulations of the ossified cricoid 

cartilage. The fracture took place between the thick lamina and the thin arch. 

 

The CT images of Case Two showed bilateral laminar fractures of the ossified thyroid 

cartilage with undisplaced fracture of the left thyroid ala and displaced fracture of the right 

thyroid ala with inward angulations of the fractured fragment. If the force causing injury 

(cricket ball) was anteroposteriorly, it could have resulted in a paramedian fracture 

angulated outward with approximately the same extent of injury on both sides. However, 

the severity of the injury on the right side is more than the left side with inward 

angulations, which could mean that this is a large lateromedially force directed from the 

right side. 

 

Although laryngotracheal separation has been discussed in several studies and considered a 

life-threatening injury (Aouad et al., 2007, Couraud et al., 1989, Deshpande, 1998, 

Fuhrman et al., 1990, Gussack et al., 1986), meticulous review of the literature did not 

reveal any report about laryngopharyngeal separation type of injury. To my knowledge, the 

present study is the first to report this very uncommon type of injury, which is the complete 

separation of larynx and pharynx (Case Four). The mechanism of this injury can be 

explained by the fact that the unrestrained passenger struck the dashboard with the neck in 

an extended position, pressing the larynx against the cervical spine. Given that the injured 

person was a 19 year old teenager with flexible, unossified thyroid cartilage, I infer that a  
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large amount of force was absorbed by the highly elastic laryngopharyngeal complex, 

which then sprang back into position, releasing all tension on the pharynx which resulted in 

dislocation of the pharynx. Moreover, the surgical exploration also revealed fracture of the 

thyroid cartilage. Fracture of unossified or partially ossified thyroid cartilage is usually an 

indication of severe force acting on the larynx.  

  

The observation of the CT images of Case Five showed an anteromedially displacement of 

the arytenoid cartilage. This type of injury is usually associated with injuries which result 

from iatrogenic causes. According to the CT image, the direction of the dislocation 

correlates with what has been described in the literature (Lupetin, 1997, Sataloff et al., 

1994, Stack Jr and Ridley, 1994). 

 

6.3 The usefulness of clinical CT in postmortem examination  

The current study reported a patient who died at the age of 61 (Case Three). During the 

admission of the patient to the hospital, a percutaneous tracheostomy was inserted which 

was complicated by tracheal perforation. The CT scan shows extensive air leakage, with a 

large volume of subcutaneous emphysema, pneumomediastinum, pneumopericardium and 

right pneumothorax. However, these CT findings do not necessarily mean that the trachea 

is ruptured. Fibroscopic endoscopy revealed a rupture of the posterior part of the second to 

the fifth tracheal cartilage rings, which was confirmed by the surgical exploration. The 

trachea consists of  imperfect rings, being deficient in the posterior wall where the rings are 

completed by fibrous tissues. The ossification of the tracheal cartilages rings has been 

reported to take place after the seventh decade (Kusafuka et al., 2001). This could explain 

the failure of the CT scan to demonstrate definite signs of a tracheal ring rupture as the 

patient was still in her sixth decade. 

 

Postmortem examination was performed twelve days after the patient's trachea was first 

ruptured as a complication of percutaneous tracheaostomy. Although, twelve days are not 

sufficient for the tracheal cartilages to heal completely, the autopsy failed to demonstrate 

any signs of ruptured tracheal rings at its posterior wall.  
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Clinical CT images are very useful in postmortem examination, as forensic experts can use 

them as an indication of the site of the injuries, especially in the anatomical regions, which 

are not easily visible through autopsy. 

 

6.4 Life threatening assessment 

The severity of laryngeal trauma varies according to the mechanism of injuries (e.g., blunt 

or penetrating trauma), the site (e.g., thyroid or cricoid), the amount of force used, and the 

age of the injured person (Bell et al., 2008).  

Forensic experts have to address the question of whether an act has led to a life threatening 

situation or not, in order to assist the court to establish justice. To answer this question, a 

few standard protocols of assessing the severity of strangulation have been suggested 

(Plattner et al., 2005, Yen et al., 2007). Moreover, the Turkish legal system uses standard 

criteria to assess the life threatening condition of traumatic injuries (Bilgin et al., 2005). 

According to the Turkish Penalty Code, the severity of the criminal penalty is determined 

by the severity of the victim's injury (Bilgin et al., 2005). There are a few studies which 

investigated the use of trauma scores (e.g., Abbreviated Injury Scale (AIS), Injury Severity 

Score (ISS), New Injury Severity Score (NISS)) in the assessment of the life threatening 

conditions in traumatic injuries from a forensic perspective (Adams and Carrubba, 1998, 

Bilgin et al., 2005, Fedakar et al., 2007, Friedman et al., 1996, Günay et al., 2003). Studies 

showed that the AIS correlates with the probability of death in serious and life threatening 

situations (AIS ≥ 3 ) (Günay et al., 2003). Moreover, ISS and NISS appeared to be the best 

trauma scoring systems concerning the estimation of life threatening conditions in 

traumatic injuries, compared with other trauma scoring systems such as GCS, RTS, and 

TRISS (Fedakar et al., 2007). 

Trauma scoring systems are very helpful in many respects. They allow the quantification of 

the severity of an injury, assessment of mortality or morbidity, improvement of field triage, 

evaluation of trauma care, comparisons of the outcomes of trauma patients in various 

hospitals, planning and evaluation of medical resources, and applications in forensic 

casework (Adams and Carrubba, 1998, Bilgin et al., 2005, Friedman et al., 1996, 

Greenspan et al., 1985). 
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The present study aims to illustrate the use of AIS in the evaluation of the life threatening 

condition of an injury, and compare its derivatives (ISS and NISS). AIS and its derivatives 

(ISS and NISS) measure the trauma severity based on anatomical scales (Greenspan et al., 

1985). According to the AIS scoring system, when the result of a specific injury scored four 

or more, the act is assessed as life threatening. Some studies claimed that ISS and NISS 

values of 14 or more are commonly associated with the decision of life threatening injury 

with a sensitivity of 79.6% and 82.8% and specificity of 93.6% and 88.7% , respectively 

(Fedakar et al., 2007). However, when the cut-off  points for ISS were taken as 16 or over, 

the sensitivity decreases (61.1%) and the specificity increases (97.8%) (Fedakar et al., 

2007).  Another study concluded that ISS values over 16 can be used to confirm the 

decision of life threatening injury (Linn, 1995). 

 

 The five cases in the present study all scored four and above on the AIS scale and above 14 

on both the ISS and NISS scales. The scored values on ISS and NISS are over the 

recommended cut-off point (14). Therefore, we can conclude that a life threatening 

condition was present in all cases.  

 

Studies suggested that the NISS is a more accurate predictor of trauma mortality than the 

ISS, particularly in penetrating trauma (Sharma, 2005). Another study concluded that NISS 

increases apparent severity of injury and provides a more accurate prediction of short-term 

mortality when evaluating ISS and NISS among patients with blunt trauma (Brenneman et 

al., 1998). However, it has been argued that NISS should not replace ISS because they 

share similar accuracy and calibration in predicting multiple blunt trauma injuries to 

patients (Zhao et al., 2008). In addition, NISS may be more sensitive but less specific than 

ISS in predicting mortality in certain patients with penetrating injuries.  

 

In the current study, NISS scores were higher than that of ISS. This may suggest that NISS 

is more sensitive than ISS. This study aims to evaluate neck trauma only, therefore NISS 

would appear to be a better choice to study a single body region in isolation from other 

body regions. NISS includes the highest three AIS values regardless of the body region. As 

an example, if the neck region alone scores the highest three AIS scores, NISS will include 

these scores, therefore the NISS value will be inclusive to the neck region. Thus, multiple 

injuries in the same body region may contribute to the NISS value. On the other hand, ISS  
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does not take into consideration multiple injuries in the same body region. Instead, it uses 

the three most severely injured body regions (Brenneman et al., 1998). 

 

AIS and its derivatives, in particular NISS, appear to be good trauma scoring systems that 

can be applied to estimate the life threatening condition of an act. The routine use of these 

scales in normal forensic medicine work should provide more objective and standardised 

judgment on whether the injury was a life threatening one or not. The scales have been 

proven to be a valuable tool in identification of preventable death (Friedman et al., 1996). 

In addition, it is easy to use and helpful in court situations to hasten the conclusion of 

lawsuits. In the future, courts are more likely to rely on traumatic scoring systems to 

determine the criminal penalty. However, one of the major limitations of these anatomical 

scoring systems is that they are based on an anatomical and not on a physiological 

approach; therefore, it cannot be used to determine the degree of life threatening injury 

which could result from trauma such as poisonings. 

 

There are a few published standard protocols to assess the life threatening conditions of 

injuries which result from strangulation (Plattner et al., 2005, Yen et al., 2007). However, 

there is a lack of recognised assessment protocols to evaluate the severity of injuries other 

than strangulation. Therefore, the trauma scoring systems have been introduced in forensic 

medicine as an assessment tool. Forensic specialists’ familiarity with these clinical scoring 

systems can improve the forensic descriptions of trauma, by adding sufficient detail to 

make these scoring systems feasible to forensic situations. Therefore, more work in the 

future is required to improve these scoring systems and make them more applicable in a 

forensic context. 

 

The decision of the life threatening aspects of injury depends on some factors such as case 

circumstance, clinical CT, physical examination, artefacts from the scene, and reports of 

involved persons. In this study, clinical CT showed important details which helped in the 

evaluation of life threatening conditions of an injury. 

 

6.5 Laryngeal ossification: age estimation 

The ossification condition of the laryngeal cartilages is very important, clinically and 

forensically. Therefore, one should possess a good knowledge of the anatomy and the  
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pattern of ossification of laryngeal cartilage to interpret radiological images correctly 

(Lupetin, 1997, Mupparapu and Vuppalapati, 2005, Sataloff et al., 1994, Stack  and Ridley, 

1994). It is widely believed that the laryngeal cartilages ossify as age advances, to a greater 

degree in men compared with women (Mupparapu and Vuppalapati, 2005, Garvin, 2008). 

The impact of trauma on laryngeal cartilages can be determined by the ossification stage of 

the cartilages. It has been claimed that children usually have less severe laryngeal injuries 

because of the elasticity of their cartilages (Olson, 1999, Shockley and Ball, 2000). Also, 

Khokhlov (1999) argued that persons under 20 years of age do not normally have 

consolidated neck injuries because of the high flexibility of the unossified laryngeal 

cartilages.   

 

Furthermore, the understanding of the degree of cartilage opacity is very important in 

making proper diagnosis because it may lead to a false diagnosis (Di Nunno et al., 2004). 

Forensically, the degree of the laryngeal cartilages ossification could be used to estimate 

the age of the living person, to create an identification profile of individuals especially in 

mass disaster situations (e.g. airplane crash) and to estimate the age of human remains. 

 

In the present study, the patterns of laryngeal ossification were studied for each case 

through analysing clinical CT images. These patterns of ossification were also tested 

against the Turk and Hogg ossification stages and Černý ossification chart to confirm the 

accuracy and reliability of these two methods. 

  

In Case One, the ossification patterns were compared with Turk and Hogg ossification 

stages. Although this was a female patient, I observed that the ossification patterns of the 

thyroid cartilage were consistent with stage III (male). And that of cricoid cartilage were 

consistent with stage III (female). These results suggested that an overlapping between the 

stages of ossification of male and female could occur. It has been documented that males 

have greater frequency and exhibit ossification earlier than females (Mupparapu and 

Vuppalapati, 2005). Forensically, it is important to consider the possibility that at some 

stages, males and females at either similar or differing ages could have the same patterns of 

ossification.  
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The degree of ossification of the thyroid cartilage of Case Two was similar to that 

described by Turk and Hogg in stage III (male), and that of cricoid cartilage was similar to 

stage III (male and female). According to the Černý chart, ossification of the anterior 

midline of the thyroid lamina does not occur until middle age (48-53.5) and ossification of 

the paramedian bar begins at 37.5-45 years. The results of this study show that a patient at 

the age of 32 years (Case Two) exhibited ossification of the anterior midline of the thyroid 

lamina which is inconsistent with the Černý chart. Although our study included only five 

cases, the inconsistency could be explained in that the Černý method was based on a small 

range of cases (five cases "white males") and with an age range from 54-80 years 

(Krogman and Iscan, 1986). This inconsistency could also be explained by the differences 

within the targeted population. Therefore, this factor raises the question regarding the 

importance of future investigation of laryngeal ossification specifically in the Australian 

population. 

 

According to the Černý chart, the thyroid cartilage of a 61 year old person should have a 

complete ossification of the right and left laminae. In the current study, a 61 year old 

female patient (Case Three) did not exhibit a complete ossification of both thyroid laminae. 

On the other hand, the current study could not find any consistency between the degrees of 

ossification of the thyroid cartilage illustrated in Case Three and that described by Turk and 

Hogg. However, the pattern of the ossification of the cricoid cartilage was consistent with 

stage III of Turk and Hogg ossification stages. 

 

The Černý chart shows that the inferior horn begins to ossify at 21-26 years, and the 

superior horn at 25.5-31 years (Krogman and Iscan, 1986). However, this study 

demonstrated that the inferior horn already showed some degree of ossification in a patient 

aged 19 years (Case Three) which is not in correlation with the Černý chart. The 

ossification patterns of thyroid cartilage of Case Four are consistent with that of stage II 

(female) in Turk and Hogg ossification stages. 

 

The Černý classification system does not include people over 68 years of age. Importantly, 

Černý argued that the ossified cartilage of individuals over 70 year is vulnerable to the 

process of lacunar resorption and, under assessment, could be evaluated similar to the 

younger phase. Our results showed that the degrees of ossification of Case Five of thyroid  
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and cricoid cartilages are consistent with the stage IV described in Turk and Hogg 

ossification stages. 

 

It has been widely accepted that tracheal cartilage consists of permanent hyaline cartilage 

which does not ossify as age advances (Kusafuka et al., 2001). However, ossification of the 

tracheal cartilage has been shown to take place in adult humans starting from the seventh 

decade (Kusafuka et al., 2001). 

Although the current study investigated five cases only, a general overlapping and 

inconsistency between the degree of laryngeal ossification of our cases and the Černý 

method and Turk and Hogg classification has been evident on several occasions. The 

degree of laryngeal ossification may be useful to describe a broad range of ages including 

child, juvenile, adult and elderly, without specifying a particular gender. Moreover, clinical 

CT can be a powerful tool to study the degree of laryngeal ossification. 

 

6.6 Limitations of the study 

There are several limitations to this study. The first limitation is the number of the 

investigated cases (five cases). This is due to the rarity of laryngotracheal injuries and the 

cases being collected from one hospital. Another limitation is that all the images were 

performed with different imaging techniques and have been evaluated by different 

radiologists. However, this is usually the situation when dealing with forensic cases. 

Forensic investigators should collect any possible information and analyse it despite the 

differences in the imaging techniques and the evaluators as long as the methodology is 

applicable and the evaluators are licensed. 
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CHAPTER 7 

CONCLUSION 

 

Clinical scoring systems such as AIS, ISS, and in particular NISS are easy, objective, and 

standardized methods to assess the life threatening condition of the injuries, which are very 

useful in court situations to arrive at a speedy conclusion. CT images assist a forensic 

expert to evaluate internal injuries for the interpretation of the life threatening quality of the 

trauma using trauma-scoring systems. The present study clearly established that CT images 

are very useful to evaluate the degree of the ossification of laryngeal cartilages. 

Overlapping and inconsistency were noticed when using the Černý method and the Turk 

and Hogg classification. These methods at best can be used to differentiate broad age 

groups, such as juveniles, young adults and middle-aged adults. Additionally, the 

mechanism and the direction of traumatic forces can be determined through studying CT 

images. Moreover, clinical CT images may contribute important information to indicate the 

site of the internal injuries to be expected during autopsy. 

 

This study indicated the benefits of CT imaging in future forensic casework. CT images are 

more useful in court to present more objective evidence. Therefore, it is likely that in the 

future, courts will rely on image findings of survived and non-survived cases as acceptable 

evidences. 
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     A.I.S 
  score 

1 2 3 4 5 
Minor Moderate Severe, not life-threatening Severe life-threatening Critical, survival uncertain 

 
External  

Abrasion / contusion 
Superficial or unspecified / ≤ 25  cm 2  on face or 
50 cm 2  on body 
Superficial or unspecified laceration 
iii) Not into subcutaneous tissue regardless of length 
iv) Into subcutaneous tissue but ≤ 25  cm on face or  
≤ 10 cm on body 
1 o  burn up to 100% 
2 o  or 3 o  burn < 6% total body   

Major abrasion / contusion 
> 25   cm 2 on face  
> 50  cm 2 on body 
Deep laceration (into subcutaneous 
tissue) and > 10 cm on body or > 5 cm on 
face 
 2 o  or 3 o  burn to 6-15% total body   
 

2 o  or 3 o  burn to 16-35% total body   
 

2 o  or 3 o  burn to 26-35% total body   
 

2 o  or 3 o  burn to 36-90% total body   
 

 
 Head  
 [includes  
 face (F)] 

Awake on admission or initial observation 
 no prior unconsciousness but may have headache / 

dizziness 2o to head trauma 
Ear canal injury 
Eyes (F) 
 Conjunctiva abrasion / contusion / laceration 
 Cornea abrasion / contusion 
 Lid abrasion / contusion / laceration 
 Vitreous / retina / canaliculis (tear duct) laceration 
 Choroid rupture 
 Uvea injury 
Gingiva (F) (gum) contusion / laceration 
Lib (F) contusion / laceration (no matter how 
extensive) 
Mandible (F) 
 Fracture unspecified 
 Ramus fracture 
Nose (F) fracture 
Teeth (F) avulsion / dislocation (loosened) / fracture 
Superficial tongue (F) laceration 

Awake on admission or initial 
observation 
 Prior unconsciousness but length of time 

unspecified 
 Amnesia (no recollection of crash) 
 Unconsciousness < 15 min 
Lethargic, suporous, obtunded on 
admission or initial observation (can be 
aroused by verbal stimuli) 
 No prior unconsciousness  
 Unconsciousness < 15 min 
When level of consciousness on 
admission or initial observation is 
unknown  
 Unconsciousness < 15 min 
Medical diagnosis listed as concussion 
with no other description 
Fracture of vault (frontal, occipital, 
parietal, sphenoid, temporal or unspecified) 
closed, undisplaced, diastatic, linear, 
simple, unspecified 
Ear 
 Inner / middle ear injury 
 Ossicullar bone dislocation 
 Tympanic membrane rupture 
 Avulsion of pinna (outer ear) 
Eye (F) 
 Cornea laceration 
 Sclera laceration / rupture 
Alveolar ridge (bone) (F) fracture with or 
without tooth injury 
Avulsion gingival / lid / lip (F) 
Mandibular fracture (F) 
 Ramus if open / displaced / comminuted 
 Body with or without ramus involvement 
 Subcondylar 
Maxilla fracture (F) closed / unspecified / 
le Fort I / zygomatic fracture 
Tongue (F) deep + / or extensive laceration 
Nose (F) fracture open / displaced / 
comminuted 

Awake on admission or initial observation 
 Prior unconsciousness but length unspecified / 

amnesia 
 Unconsciousness 15 mins with neurological deficit 
 Unconsciousness 15-59 mins 
Lethargic, stuporous, obtunded on admission or 
initial observation (can be aroused by verbal stimuli) 
 No prior unconsciousness / unconsciousness < 15 min 

with neurological deficit 
 Unconsciousness 15-59 min 
 Prior unconsciousness / loss of consciousness 

unspecified 
Unconsciousness on admission or initial observation 
(unresponsive to verbal commands) 
 Length of unconsciousness unspecified 
 Unconsciousness < 1 hr 
When level of consciousness on admission or initial 
observation is unknown 
 Unconsciousness 15-59 min 
 Unconsciousness < 15 mins with neurological deficit 
Fracture of base (basilar ethmoid, orbital roof, 
sphenoid, temoral)without CSF leak 
Comminuted compound, depressed or displaced 
fracture of vault 
Cerebellum or cerebrum 
 Contusion 
 Injury involving any of the following but no further 

anatomic description (subarachnoid hemorrhage, 
edema, brain swelling, subpial hemorrhage, hygroma, 
ischemia, infarction) 

Zygomatic fracture (F) open / displaced / comminuted 
Eye (F) 
 Avulsion 
 Optic nerve avulsion / laceration 
 Tear 
Mandibular fracture (F) 
 Ramus involvement / mandible fracture 
 Subcondylar / body with or without ramus 

involvement for any one displaced / comminuted 
Orbit fracture open / displaced, comminuted (F)  
Le Fort II (F)  

Awake on admission or initial observation 
 Unconsciousness 15-59 min with neurological 

deficit 
 Lethargic, stuporous, obtunded on admission or 

initial observation (can be aroused by verbal 
stimuli) 

 Unconsciousness 15-59 min / prior 
unconsciousness for unspecified length of time / 
unspecified loss of consciousness involving 
neurological deficit 

Unconsciousness on admission or initial 
observation (unresponsive to verbal commands) 
 1-24 hr (includes 1 calender day when hrs cannot 

be estimated) 
 Appropriate movements but only upon painful 

stimuli (no matter the length of 
unconsciousness) 

 Length of unconsciousness unspecified / 
unconsciousness < 1 hr involving neurological 
deficit 

When level of consciousness on admission or 
initial observation is unknown, but 
unconsciousness for: 
 1-24 hrs (includes 1 calender day when hrs cannot 

be estimated) 
 15-59 min involving neurological deficit 
Fracture of base (basilar ethmoid, orbital roof, 
sphenoid, temoral) with CSF leak or 
pneumocephalus 
Fracture of vault (frontal occipital, parietal, 
sphenoid, temoral, unspecified) open, / dura torn, / 
CSF leak, / pneumocephalus or brain exposed 
Cerebellum or cerebrum 
 Laceration 
 Hematoma, epidural / subdural ≤ 100 cc, or 

unspecified 
 Hematoma, intracerebral, intracerebellar 

(including petechial and subcortical hematoma) 
Le Fort III (F) 
 

Unconsciousness on admission or initial observation 
(unresponsive to verbal stimuli) 
 Inappropriate movements (decerebrate, decorticate, 

flaccid, no response to pain – no matter the length of 
unconsciousness). 

 1-24 hr (includes 1 calender day when hours cannot be 
estimated) / appropriate movements but only upon painful 
stimuli (no matter the length of unconsciousness with 
neurological deficit 

When level of consciousness on admission or initial 
observation is unknown, but unconsciousness for: 
 1-24 hrs (includes 1 calender day when hours cannot be 

estimated) with neurological deficit 
 > 24 hrs 

Brain stem 
 Compression / contusion / injury involving hemorrhage 

Cerebellum or cerebrum 
 Hematoma, epidural / subdural > 100 cc 
 Diffuse brain injury (white matter shearing injury) 

 
  Neck 

Pharynx contusion / laceration / puncture / rupture 
Throat (inner soft tissue) abrasion / contusion / 
laceration (not involving major artery) 
Tracheal contusion 

Pharynx contusion with hematoma / 
laceration with hemorrhage 
Contusion / esophagus / larynx / thyroid 
gland 

Trachea crush 
Thyroid gland laceration 

Laceration of trachea / carotid artery / subclavian 
artery 
Larynx crush / fracture / laceration 

Esophagus / larynx / trachea avulsion / rupture 

 
 Thorax 

Rib contusion / fracture Rib fracture open / displaced / >2 adjacent 
ribs up to flail chest 
Sternum….fracture 

Lung / pericardium contusion with or without unilateral 
hemothorax 
Lung laceration superficial or unspecified 
Unilateral hemothorax / pneumothorax with rib cage 
or thoracic cavity injury 
Sternum fracture… open / displaced / comminuted 

Chest wall (soft tissue) perforation / puncture 
Lung contusion with hemomediastinum / 
pneumomediastinum / bilateral hemothorax or 
pneumothorax 
Myocardium…contusion 
Pericardium…contusion with hemomediastinum / 
pneumomediastinum or tamponade / perforation / 
puncture / rupture / laceration / bilateral 
hemothorax or pneumothorax 
Bilateral hemothorax / pneumothorax 
Hemomediastinum / pneumomediastinum 
Flail chest (“sucking chest” wound) 
Lung laceration superficial or unspecified with 
hemothorax / pneumothorax 
Inhalation burn 

Laceration…aorta / bronchus / coronary artery / lung (deep + 
/or extensive) / myocardium (including multiple chambers) / 
pulmonary artery or vein / superior or inferior vena cava / 
pericardium if involving hemomediastinum / 
pneumomediastinum or tamponade 
Puncture / rupture of aorta / intracardiac valve or septum / 
myocardium (involving multiple  chambers / superior or 
inferior vena cava / pericardium if involving 
hemomediastinum / pneumomediastinum or tamponade 
Perforation of aorta / bronchus / myocardium / pericardium if 
involving hemomediastinum / pneumediastinum / tamonade 
Rupture bronchus 
Inhalation burn requiring mechanical respiratory support 
Myocardium contusion if severe or involving 
hemomediastinum or pneumomediastinum 

A.I.S  
score 

6  

 

 

Maximum injury 
 External 2 o or 3 o burn including incineration > 91% T.B.S.  

Head  Crush or ring fracture 
Crush / laceration brain stem (hypothalamus, medulla, midbrain, pons.) 

Neck  Decapitation 
Thorax  Total severence aorta 

Chest massively crushed 

 C
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