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Abstract 

 

In Brachycephalic Obstructive Airway Syndrome (BOAS), anatomical crowding of 

structures lead to interlinked pathophysiology involving increased negative airway 

pressure, turbulence and irritation.  The syndrome presents with variable functional 

severity and increased risk of airway maintenance, thermoregulation and anaesthesia.  

The contribution of head morphology, nares, nasopharynx, tongue, soft palate, palatine 

tonsils, larynx, trachea and lungs in the pathophysiology of the syndrome has been well 

characterised.  However, the epiglottal component of the larynx of brachycephalic dogs 

has scant anatomical and histological evaluation for its role in BOAS pathophysiology.  In 

comparison to mesocephalic and doliocephalic dogs, it is hypothesised that the epiglottis 

of dogs affected by BOAS could have gross morphometric variation (dimension, distortion 

and relative volume), micromorphometric composition variation (epithelium, lamina 

propria-submucosa, cartilage core, chondral cell/matrix, fibrous and adipose tissue), and 

histological variation (inflammation, hyperplasia, reactive and degenerative changes).  This 

study represents the first to demonstrate micromorphometric evaluation of six tissue 

components using camera-imaging software followed by area calculations from canine 

epiglottises using a manual approach.  Results of this anatomical and histological study 

showed chondral cell/matrix area and chondral cell numbers were significantly greater in 

distal, middle or proximal sections of the epiglottis in adult brachycephalic dogs compared 

to mesocephalic dogs.  While not statistically significant, adult brachycephalic dogs had 

relatively larger epiglottal dimensions compared to similar sized mesocephalic dogs, and 

brachycephalic individuals displayed subtle tissue proportion, reactive and degenerative 

differences.  Findings suggest that the epiglottis has nuanced structural and histological 

differences in brachycephalic dogs interlinked with the pathophysiology of BOAS.  
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Chapter 1: Literature Review 

 

1.1 Brachycephalic obstructive airway syndrome 

Brachycephalic obstructive airway syndrome (BOAS) is a condition frequently associated 

with brachycephalic breeds that has variable functional severity with increased risk of 

airway maintenance, thermoregulation and anaesthesia.  The anatomical features at 

multiple levels of the airway in brachycephalic dogs and their role in BOAS 

pathophysiology has been well characterised, however there are still some aspects which 

have had minimal anatomical and/or histological evaluation.  This study will focus on the 

role of the epiglottis in BOAS pathophysiology.  

 

1.1.1 Brachycephalia in dogs 

Brachycephalia in dogs is characterised by a reduced facial length and wider skull width 

compared to mesocephalic and doliocephalic dogs and with severe shortening of the 

muzzle and flattened facial conformation in extreme brachycephalic breeds.1-4  The genetic 

origins of brachycephalia are associated with multiple different chromosomes linked with 

skull shape notably on quantitative trait loci found on chromosomes 1, 5, 18, 24, 30, 32 

and X.5-7  Popularity of brachycephalic breeds with increasing facial flattening has been 

postulated to be a combination of their cute, akin to a human baby, neotenic features 

leading to increased caretaking responses and additionally contagious conformity trends 

that occur in human society.8,9  However, the ensuing functional pathology due to this 

conformation has led to serious health and welfare concerns related to airway 

pathophysiology.3,4,10  In turn the pathophysiological consequences of BOAS has led to a 

variety of descriptive publications, surgical treatments, complex health management 

systems and campaigns with associated legislation.3,4,10-12   
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There are several conventions used to define brachycephalia in dogs.  These include a 

skull width to length ratio of 0.81 or greater, cranial length to skull length range of 1.60-

3.44, skull length to skull width ratio less than 1.44, facial skull length to cerebrum length 

less than or equal to 1.25, and a craniofacial angle between the base of the skull and facial 

skull of 9-14° in brachycephalic dogs compared to 19-21° and 25-26° in mesocephalic and 

doliocephalic dogs respectively.13-16  There are at least 24 recognised brachycephalic dog 

breeds, and these include the French bulldog, pug, bulldog, boxer, cavalier King Charles 

spaniel, Boston terrier, bullmastiff, dogue de Bordeaux, Pekingese, shih tzu, affenpinscher, 

Fila Brasileiro, Brussels griffon, Japanese chin and Lhasa apso.10,15,17   

 

1.1.2 Clinical consequence of brachycephalia 

Brachycephalic obstructive airway syndrome is described as a group of conformation 

abnormalities that deform the upper airway tract leading to respiratory obstruction at 

multiple levels.4,18-20  Clinical signs associated with BOAS include noisy breathing, snoring, 

snorting, coughing, gagging, dysphagia, vomiting, regurgitation, aerophagia, flatulence, 

sleep apnoea, inspiratory dyspnoea, exercise intolerance, heat stress, cyanosis and 

collapse with death.3,4,9,10,18-22  Affected dogs typically present with clinical signs at 1- 4 

years of age that are often exacerbated by elevated ambient temperature and 

exercise.15,18,23  As the condition is progressive, affected dogs tend to deteriorate 

proportionate to the severity of BOAS lesions, and there have been reports of dogs as 

young as a few months of age presenting with life-threatening events.18,23,24  Clinical 

evaluation requires a detailed assessment which includes a pre-evaluation protocol, a 

functional grading system, BOAS-specific systemic evaluation, clinical pathology 

investigations and diagnostic imaging.3,17,18  A plethora of non-respiratory conditions are 

also associated with brachycephalia ranging from skin, ocular, oral, auditory, spinal, 
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sternal and gastrointestinal diseases, in addition to dystocia and abnormalities of the 

patella.3,18,25-30   

 

1.1.3 Pathophysiology  

The characteristic flattened face of brachycephalic dog breeds is due to selective breeding 

for abnormal cartilage and bone development associated with ossification centres 

(localised chondrodysplasia) which result in growth inhibition of the dermal bones of the 

midface, early ankylosis of basal cranial cartilages of the skull, and occasionally tracheal 

hypoplasia.9,15,21,31  The shortened craniofacial features without concomitant reduction of 

nasal, nasopharyngeal and oropharyngeal tissues results in an array of abnormal features 

that include stenotic nares, nasal passage compression and rotation, turbinate crowding 

and malformation, soft palate hyperplasia and elongation, macroglossia, hyoid 

malformation, and glottis and cricoid cartilage narrowing.3,10,15,17-22,31-33   

 

Systemic effects of these anatomical changes include chronic hypoxia, reduced respiratory 

evaporative cooling capacity, elevated mean arterial blood pressure, pulmonary 

hypertension, respiratory acidosis, hypercoagulability, sleep apnoea, subacute 

inflammatory states, and hepatic and splenic injury and fibrosis.3,15,18,33-40  Secondary 

changes then variably manifest including obstructive nasopharyngeal tissue and collapse, 

tonsillar eversion and hypertrophy, pharyngeal collapse, epiglottal retroversion, laryngeal 

saccule eversion, laryngeal oedema and collapse, tracheal hypoplasia, tracheal and 

bronchial collapse, right sided heart failure, gastroesophageal reflux, and aspiration 

pneumonia, which can progress to life-threatening respiratory obstruction, cardiovascular 

or thermoregulatory failure culminating in death.3,10,15,18-20,22,32,41,42 
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Stenotic nares, elongate soft palate and tracheal hypoplasia are considered the three 

primary contributors to BOAS leading to increased inspiratory resistance, increased 

respiratory effort, and increased negative intraluminal pressure during 

inspiration.3,10,15,17,18,21,22,43  Turbinate crowding with aberrant growth, comparatively 

increased tongue size, and soft palate hyperplasia with entrapment can also contribute to 

BOAS.3,10,15,18,21,44,45  Chronic tissue contact irritation, increased inspiratory pressure, and 

inefficient thermoregulation efforts (panting and salivation) leads to inflammation and 

oedema of the nasopharyngeal mucosa, hyperplasia of the soft palate, which further alters 

pharyngeal anatomy and narrows the airway lumen with generalised upper airway tissue 

inflammation.3,9,20-23,43,46   

 

Chronically high negative pressures within the pharynx and turbulent airflow can lead to 

laryngeal narrowing, stridor and collapse.3,15,17,20,21,47,48  Increased respiratory effort to 

overcome airway resistance progressively alters and weakens the laryngeal structures, 

leading to laryngeal collapse that is often preceded by pharyngeal collapse.3,9,10,15,17,18,20-

22,49  Increased intraglottic luminal pressure and increased air velocity causes medial 

displacement of the rostral laryngeal structures with permanent cartilage deformation 

resulting in a gradual collapse of the rostral laryngeal aperture, culminating in airway 

collapse, which can result in syncope and even death by suffocation.15,23,50   

 

Tracheal and bronchial collapse can also occur with the left cranial bronchus most 

commonly affected.10,15,21   Tracheal and bronchial collapse have been significantly 

correlated to laryngeal collapse and can also be associated with dynamic pharyngeal 

collapse.3,23,51  Tracheal hypoplasia when present contributes minimally to BOAS, despite 

the smaller diameter contributing to increased airway resistance, however it can delay or 

prevent resolution of pneumonia.3,23,52  Bronchial collapse and variable lung lobe 
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atelectasis in BOAS-affected dogs is thought to be due to chronic airway obstruction, 

negative pressure gradients, turbulent air flow, early age onset, increased force expiration 

requirements, small breed size and barrel chest conformation.53-55  Aspiration pneumonia 

occurs more frequently in brachycephalic dogs and at an earlier age with emergencies and 

surgery further increasing its likelihood.17,20,41,56  Gastrointestinal and respiratory disease 

are often interlinked with the negative intrathoracic pressure generated by the increased 

inspiratory efforts considered to be a major contributor to gastroesophageal reflux.3,22,41,57  

Upon increasing negative pressure and degenerative changes, continued airway 

narrowing, collapse and regurgitation-aspiration events may lead to a viscous pathological 

cycle of deterioration.3,15,17,21,22   

 

1.1.4 Risk factors 

The main conformation risk factors for the development of BOAS are muzzle length less 

than half cranial length, closed nostrils, thicker neck girths, and obesity.3,9,18,40  These 

features are typified in extreme brachycephalic breeds such as pugs, French bulldogs and 

bulldogs.3,58  Additionally, in pugs, females are more commonly affected than males, as 

are those with a wider head and wider set eyes.4  In bulldogs and French bulldogs, males 

are more commonly affected, and bulldogs with increased head width and thick necks and 

French bulldogs with short necks and short muzzles are more commonly affected.4,9,18  

Pugs have the lowest glottic width of the extreme brachycephalic breeds and a higher risk 

of respiratory disease.57,59  English bulldogs have an increased prevalence of tracheal 

hypoplasia (males more likely) and caudal aberrant turbinates, while French bulldogs have 

higher prevalence of intramucosal contact points.46,60,61  However, these external factors 

account for less than 50% of the variance of BOAS.4   
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Brachycephalic dogs also have a higher anaesthetic risk, especially English bulldogs, as 

anaesthetic agents relax upper airways whilst allowing diaphragmatic contraction resulting 

in an increased likelihood of collapse; the latter is exacerbated by increased respiratory 

effort during inspiration.4,33,62-64  Lastly, the coexistence of respiratory and gastrointestinal 

disease has been identified with them being considered risk factors for each other.41,57    

 

1.1.5 Epidemiology 

Compared to non-brachycephalic breeds, brachycephalic have a lower health status 

demonstrated by an increased odds ratio (x 1.60) for upper respiratory tract disorders; 

lower median life span (8.6 years versus 12.7 years) for pugs, bulldogs and French 

bulldogs with a high proportion of deaths associated with upper respiratory disease 

(16.7%); and increased relative risk of BOAS for pugs (x 53.92), French bulldogs (x 30.89) 

and English bulldogs (x 19.20).12,58,65-67  Brachycephalic dogs have a higher relative risk 

(3.77 times more) of aspiration pneumonia than other breeds, with a median age disease 

onset of 6 months (bulldogs), 8 months (French bulldogs) and 83 months (pugs).41   

 

1.1.6 Treatment and prognosis 

Various surgical treatments have been developed for BOAS that focus on removing airway 

obstructive tissues using traditional, endoscopic, laser, cautery and intervention techniques.  

These include stenotic nares expansion, aberrant nasal turbinate removal, elongate and 

thickened soft palate resection, enlarged and everted tonsillectomy, everted laryngeal 

saccule resection, arytenoid lateralisation, subtotal epiglottectomy, laryngeal collapse 

management,  temporary or permanent salvage tracheostomy, and hiatal hernia corrective 

surgery.3,10,15,17,47,50,68-74   
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Critical to BOAS management are detailed anaesthesia and complication prevention 

guidelines given the increased risks associated with brachycephalic breeds.3,17,47  Medical 

therapy includes obesity management, emergency respiratory distress management, gastric 

reflux management and advanced monitoring post-surgery.3,15,22,68,75-77 

 

Life-threatening post-surgical complications include airway swelling resulting in dyspnoea, 

regurgitation that comprises airway patency and surgical sites, and aspiration pneumonia; 

other potential complications include pulmonary oedema and infection or dehiscence of 

surgical sites.3,15,68,78,79  Long-term complications have been reported as dyspnoea, 

heatstroke and bronchopneumonia.80  Approximately 70-90% of clinically affected BOAS 

dogs have significant respiratory and digestive clinical sign improvement with surgery; 

early intervention, more advanced soft palate and multi-level techniques lead to enhanced 

long-term improvement; and negative prognostic indicators include laryngeal collapse, 

younger age at diagnosis and normal body condition.3,15,68,74,81-86 

 

1.1.7 Welfare considerations 

Serious welfare concerns for brachycephalic dogs continue to grow based on the 

increasing prevalence of chronic respiratory breathlessness and distress, exercise and 

heat intolerance, digestive and sleeping problems, and other associated pathology such as 

ocular, ear, skin and spinal diseases.4,17,23,87,88  Numerous epidemiological studies have 

provided strong statistical evidence of lower health status for brachycephalic breeds, 

particularly in the more severely affected group of pugs, bulldogs and French 

bulldogs.11,17,65-67  Strategies to improve welfare  of brachycephalic dogs include national 

awareness campaigns on facial flattening linked disorders, the disuse of images of 

brachycephalic breeds, independent inquiry commissions, national advisory panels, 

dedicated BOAS clinics, petitions to companies and clubs, and working with kennel clubs 
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and associations.23,47,87,89-95  In 2019, the Dutch government passed legislation banning 

the breeding of dogs with a snout length shorter than a third of their skull, and in 2022, the 

Norwegian Society for Protection of Animals won a lawsuit that made it illegal to breed the 

King Charles Cavalier Spaniel dog breed in Norway.96,97 

 

1.2 Anatomical and microscopic features associated with BOAS pathology 

The role of the head, neck, nares, nasal cavity, nasopharynx, pharynx, tongue, palatine 

tonsils, soft palate, larynx, trachea, bronchi and lungs in BOAS has broad coverage in the 

literature, with reduced histological information on the palantine tonsils and bronchi.98,99  

However, there is a scarcity of information on both anatomical and histological features of 

the epiglottal cartilage of the larynx; this knowledge gap led to this research study.23 

 

1.2.1 Head and neck 

The main drivers for airway passage compression are skull changes associated with 

rostrocaudal shortening of the muzzle and mediolateral widening of skull shape coupled 

with rostral muzzle angle change and mandibular prognathism.9,10,21,23  Whilst these 

changes are present at birth in brachycephalic breeds, external conformation accounts for 

less than 50% of BOAS clinical signs.4,100  Anatomical and brain endocast studies have 

demonstrated the association between brachycephalia and progressive pitching of the 

brain on its longitudinal axis and ventral shifting of the olfactory bulb.101,102  Olfactory bulb 

angle reduction and soft palate thickness have been shown to be significantly associated 

with the degree of brachycephalia.103,104  Pugs, the breed associated with the most severe 

craniofacial dimensions, have dorsal rotation of the maxillary bone, largely absent frontal 

sinuses, and ventral orientation of the olfactory bulb.3,10  In addition, thicker necks in 

bulldogs and shorter neck length in French bulldogs have increased correlation with BOAS 

clinical signs.9,18  
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1.2.2 Nares and nasal cavity  

Stenotic nares have frequently been reported as a significant external predictor of BOAS 

as airflow through the nostrils and nasal cavity accounts for approximately 77% of airway 

resistance in normal dogs.4,17,21,22  Closed nostrils result from malformation of nasal 

cartilages and medial collapse of the alae, which can converge into vertical slits and have 

immobile nostril wings, resulting in continual open-mouth breathing in some dogs.3,4,9,15 

 

Postnatal inhibition of the turbinate skeleton results in a shortened nasal cavity, leading to 

nasal turbinate crowding, hyperplasia or extension of turbinates into the 

nasopharynx.31,105,106  Intra-nasal contact points were observed in 87.0 to 91.7% of 

brachycephalic dogs.3,46  The distribution of narrow and wide regions within the nasal 

cavity differs in brachycephalic breeds, although a smaller airway cross sectional area to 

total nasal cavity area ratio can be associated with more severe clinical signs.45,107,108  

Rostral aberrant turbinates were reported to be common in pugs (90.9%), less frequent in 

French (56.4%) and English (36.4%) bulldogs, while caudal aberrant turbinates causing 

nasopharyngeal obstruction were common in all brachycephalic breeds (66.7%).3,17,109,110  

Pugs are more affected by the presence of rostral turbinates and have deviated nasal 

septa (98.5%).3,109   Histologically, hyperaemia, oedema and lymphoid hyperplasia may be 

present in the nares and nasal cavity due to the presence of anatomical contact points and 

increased inspiratory pressures.20,111   

 

1.2.3 Nasopharynx and pharynx 

Brachycephalic dogs commonly have hyperplastic nasopharyngeal mucosa and a smaller 

nasopharyngeal cross-sectional area and volume.3,43,112  Pugs have a smaller 

nasopharyngeal cross-sectional area compared to French bulldogs.45 
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Pharyngeal collapse occurs more commonly in brachycephalic dogs (72%) compared to 

non-brachycephalic dogs (28%) with or without airway collapse.113  As a consequence of 

chronic negative pressure and inspiratory resistance which may be exacerbated by 

obesity, it is suspected that the pharyngeal dilator muscles undergo pathological changes, 

predisposing to pharyngeal collapse.43,51,113   Histologically, in English bulldogs affected by 

sleep apnoea, increased fast twitch muscle fibres alongside increased abnormal fibres and 

fibrosis was observed; features consistent with ongoing and prior injury.114   

 

1.2.4 Tongue 

Tongues of brachycephalic breeds, especially in French and English bulldogs, 

demonstrate relative macroglossia with larger and denser tongues, with the exception of 

relatively smaller tongues in pugs.3,17,112,115  Macroglossia in brachycephalic breeds has 

also been associated with increased body condition score and sleep apnoea.17  The 

thicker and longer tongue displaces the soft palate and reduces upper airway volumes and 

can significantly contribute to BOAS pathophysiology.17,23   

 

1.2.5 Palatine tonsils 

Eversion of the palatine tonsils is considered a secondary manifestation of chronic 

increased airway pressure associated with BOAS.15,17,23   Brachycephalic dogs with 

everted tonsils are significantly more likely to also have stenotic nares and everted 

laryngeal saccules.32  Apart from French bulldogs with clinical signs of BOAS, differences 

in tonsillar size were not seen between brachycephalic and non-brachycephalic dogs.116,117   

A smaller tonsillar crypt in brachycephalic dogs likely contributes to more prominent 

eversion of the tonsils which occupy airway space and are considered contributors to 

pharyngolaryngeal obstruction in BOAS-affected dogs.32,117  In French bulldogs, higher 

tonsillar volume and cross-sectional area was correlated with BOAS clinical signs.116  
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Increased inflammation in BOAS-affected dogs likely occurs due to chronic irritation and 

negative pressures.15,20,118  Histological changes are also seen in brachycephalic dogs 

including lymphocytic-neutrophilic tonsillar infiltrates within the epithelium, hyperplastic 

lymphoid tissue adjacent to the tonsils including secondary follicular development, 

plasmacytic infiltrates in the connective tissue stroma, and rarely oedema and infection.98   

 

1.2.6 Soft palate 

The soft palate in brachycephalic dogs is considered to be a primary contributor to 

BOAS.3,10,17  It’s more caudal position, elongation and thickening lead to displacement of 

the soft palate, up to 1-2 cm beyond the tip of the epiglottis, where it can flutter, obstruct 

during inspiration and when transiently inhaled into the larynx, produces the characteristic 

stertor sound.3,10,17,20,23,32,47,103  Brachycephalic dogs have thicker soft palates and 

increased epiglottis-soft palate overlap compared to non-brachycephalic dogs.3,17,23,103,119  

A correlation also exists between more severely brachycephalic dogs, soft palate 

thickness and clinical signs.119  Additional dorsal displacement of the soft palate may result 

from nasopharyngeal hyperplasia, tonsillar hypertrophy/eversion and macroglossia with 

contributions from the soft palate to nasopharyngeal obstruction, stertor sound generation 

and sleep apnoea.3,23,43,47  Despite having more severe brachycephalic features, pugs 

have a shorter and thinner soft palate compared to French bulldogs.45 

 

Histologically, degenerative and inflammatory changes considered secondary to BOAS 

have not been observed in neonatal brachycephalic dogs, suggesting they are acquired 

with chronic and increasingly obstructive airway breathing.120   Changes of the soft palate 

in BOAS-affected dogs compared to mesocephalic dogs include epithelial hyperplasia and 

intracellular oedema; various changes to the lamina propria including oedema, increased 

connective tissue stroma, glandular hyperplasia and dilatation; and additionally myofiber 
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changes.17,121-124  Atrophy, hypertrophy, increasing type I and II myofibers, muscle 

hyalinisation, sarcoplasm fragmentation, satellite cell activation, fibrosis and reduced 

peripheral nerve branches have been observed, the latter which could be interlinked with 

BOAS-escalatory damage.17,121-125   

 

1.2.7 Larynx 

Secondary pathophysiological effects of BOAS progression are seen in the larynx although 

these can be exacerbated by additional abnormalities within individual dogs.  The larynx 

and respiratory tract are displaced caudally in brachycephalic dogs possibly secondary to 

tongue crowding due to reduced oral and pharyngeal space.126  Changes to the larynx in 

BOAS include mucosal oedema, everted laryngeal saccules and laryngeal collapse.3,23  

Previous classification systems considered eversion of the laryngeal saccules as stage 1, 

medial displacement of the cuneiform processes of the arytenoid cartilages as stage 2, 

and collapse of the corniculate processes of the arytenoid cartilages with loss of the dorsal 

arch of the rima glottis as stage 3.3,15,47,111  Laryngeal collapse occurs in 50-95% of BOAS-

affected dogs and cases as young as 4.5 months in French bulldogs have been 

reported.3,24,48  Pugs have smaller rima glottis and are more severely affected by both 

laryngeal and left bronchus collapse in comparison to French and English bulldogs.3,54,111   

 

Other laryngeal changes in brachycephalic breeds include larger cricoid cartilage to 

tracheal ratios with the trachea having the smallest diameter.127  Pugs have a more oval 

cricoid cartilage and narrower elliptical glottis compared to French and English 

bulldogs.3,59,127  French bulldogs have a more acute curvature and increased ventrodorsal 

thickness of the basihyoid bone compared to mesocephalic dogs.3,128   Congenital 

malformed hyoid conformation, narrowed cricoid cartilage, laryngeal vocal fold granulomas 

and polyps, epiglottal retroversion, epiglottal cysts and glossoepiglottic mucosal 
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enlargement have also been reported in brachycephalic breeds with contribution to BOAS 

clinical signs.3,111,128-130 

 

Histologically, increased degenerative change has also been described in the arytenoid 

cartilage of brachycephalic dogs, as well as a reduced load to failure and stiffness 

compared to non-brachycephalic dogs.131  Inflammatory and degenerative changes have 

also been demonstrated in resected laryngeal saccules from brachycephalic dogs.132  The 

impact of BOAS associated with the epiglottis has not been previously described, which 

will be evaluated in this study. 

 

1.2.8 Trachea, bronchi and lungs 

Tracheal abnormalities including hyperaemia, polyps and tracheal secretions and less 

frequently tracheal hypoplasia, dorsal tracheal muscle thickening and tracheal collapse 

were reported in 64.2% of brachycephalic dogs.111  Tracheal hypoplasia, defined as a 

tracheal diameter : thoracic inlet ratio of less than 0.16 (brachycephalic dogs) and less 

than 0.12 (English bulldogs, the breed which has the highest incidence of this feature), is 

seen in 13% of BOAS-affected dogs and more often in the screw-tail breeds.3,127   

 

In tracheal hypoplasia, tracheal cartilages touch or overlap and the dorsal tracheal muscle 

may be thickened or thinned, resulting respectively in a variably rigid or flattened 

trachea.23,24,99,133  Histologically, changes in the tracheal cartilage include reductions in 

chondrocytes, chondroitin, glycosaminoglycans, water content, fibrocartilage and rarely, 

loss of ciliated epithelium and mucus gland dysplasia.23,24,99,133  These changes have been 

attributed to extrinsic compression (barrel chest conformation), chronic inflammation, and 

elastic fibre changes in the dorsal tracheal membrane.99  Tracheal hypoplasia contributes 

minimally to BOAS but can delay or prevent resolution of pneumonia.3,23,52  Studies have 
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shown that tracheal hypoplasia may partially improve with maturity, however it does not 

improve in adult dogs that undergo BOAS surgical treatments.3,52,134   

 

Bronchial abnormalities include bronchial collapse (42-87% of BOAS-affected dogs), 

bronchial wall thickening and less frequently hyperaemia, stenosis and bronchial 

hypoplasia.15,54,55,99,111  The left cranial bronchus is more commonly affected followed by 

the right middle bronchus.53,55,99,135  Pugs are the most commonly affected breed followed 

by English and French bulldogs.53,55,99,135  Bronchial wall thickening also occurs in 

brachycephalic dogs, most commonly in French bulldogs, and is significantly correlated 

with body weight.55   

 

Brachycephalic dogs have an increased risk of developing aspiration pneumonia at an 

earlier age with emergencies and surgery further contributing to the risk.17,41,56  Pugs have 

an increased frequency of left lung lobe torsion likely due to atelectasis subsequent to 

increased risk of left bronchus collapse.54  

 

1.2.9 Grading schemes and systems for clinical, anatomical and histological evaluation of 

BOAS 

Clinical schemes for the assessment of BOAS are the primary basis for veterinary 

management of the condition with several schemes that include combinations of 

functional, anatomical and physiological features.  Anatomical schemes include those 

developed for individual anatomical components of brachycephalic dogs correlated to the 

degree of BOAS.  Histological studies are limited to features of soft palate and arytenoid 

cartilage in BOAS-affected dogs.  Table 1 details the various clinical, anatomical and 

histological schemes currently employed for BOAS assessment. 
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Table 1: Clinical, anatomical and histological schemes and systems for assessment of 

BOAS.3,4,17,83,121,131,136-144 

Grading scheme or system Components 

Brachycephalic syndrome 

functional score 

Six-minute walking test, upper airway noise 

auscultation, noise recording, and morphological 

parameters (height, body condition, nasal 

stenosis, muzzle length, cranial length, neck 

length, neck girth).  Nasal stenosis accounts for 

32% of variation in the score. 

Cambridge respiratory 

functional grading scheme 

Three-minute trot test, physical examination, pre- 

and post-evaluation of respiratory noise, 

inspiratory effort, dyspnoea, cyanosis and 

syncope. 

Laryngeal collapse diagnostic 

test 

Three-minute trot test and careful auscultation of 

the larynx. 

Whole body barometric 

plethysmography 

Air flow traces and generation of a BOAS index 

which includes severity, risk and effectiveness of 

surgery. 

Brachycephalic risk score Breed, temperature, body condition score, prior 

airway surgery, plan for surgery, upper 

respiratory noise and need for oxygen, sedation 

or intubation. 

Conformational risk factor 

system 

Respiratory grade, body condition score, nasal 

stenosis grade, cranial length, skull length, skull 

width, muzzle length, neck length, neck girth, 

chest girth and body length.  

Anatomical schemes 

(individualised for each region) 

Nasal stenosis, nasopharyngeal turbinate 

protrusion, soft palate elongation, pharyngeal 

changes (dorsoventral flattening, thickness at 

base of tongue, tonsillar protrusion and 

pharyngeal oedema), and laryngeal changes.  
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Table 1 – continued. 

Grading scheme or system Components 

 (laryngeal hypoplasia, mucosal oedema, everted 

laryngeal saccules and laryngeal collapse). 

Histological degenerative 

changes for arytenoid cartilage 

of the larynx 

Total and degenerate chondrocyte numbers and 

degenerate cell definition, cartilage proteoglycan 

content (safarin O staining level and definition), 

and glycosaminoglycans and sulphur content 

(toluidine blue stain metachromasia levels and 

definition). 

Histological changes for the 

soft palate 

Mucosal hyperplasia and oedema, glandular 

appearance, hyperplasia, lobule numbers and 

mucin stasis, and palatine muscle appearance, 

fibre numbers, degeneration and fragmentation. 

Schemes absent include walk/distance variation assessment. 3,4,17,83,121,131,136-144 
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1.3 Anatomical and histological features of the epiglottis in dogs 

The anatomical features at multiple levels of the airway in brachycephalic dogs and 

their role in BOAS pathophysiology has been well characterised.  However, there is 

a relative dearth of information on anatomical and histological features of the 

epiglottis in brachycephalic dogs and any associated BOAS-related pathophysiology. 

 

1.3.1 Form and function 

The epiglottis is the most rostral of the laryngeal cartilages, consisting of a flexible 

stalk and leaflike blade, where the stalk is implanted between and with attachments 

to the root of the tongue, basihyoid bone, and thyroid cartilage (Figure 1).145  The 

function of the epiglottis is to provide functional airway protection during swallowing.  

At rest, the blade lies dorsorostral to the soft palate and while swallowing, it is tilted 

caudally to partially cover the laryngeal opening.145  Epiglottal structural detail 

relating to innervation, neurochemical structures, interaction with adjacent structures 

in live dogs, advanced imaging characterisation of composition in live dogs, and 

refinement of roles played in swallowing and panting, have more recently been 

reported.146-151  The larynx receives blood supply primarily from cranial and caudal 

thyroid arteries, sensory innervation from cranial and caudal laryngeal nerves, and 

lymphatic drainage into the medial retropharyngeal lymph nodes.13 

 

1.3.2 Dimensions and spatial relationships 

Recent morphometric description of the larynx details 10 laryngeal measurements, 

including epiglottal width (17.79 to 32.76 mm) and length (17.35 to 30.42 mm), 

based on the evaluation of 13 larynges from unspecified dog breeds ranging from 

3.95 to 21.6 kg.152  Structure, weight and linear laryngeal parameters were 
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significantly associated with body weight; the highest variability was associated with 

width of the epiglottis and height of the thyroid cartilage, and lowest variability 

associated with the laryngeal inlet width.152  Forming the rostral cartilage of the 

larynx, the epiglottis lies caudal to the oral cavity, palatine tonsils and soft palate in 

order of proximity, and ventral to the pharynx (Figure 1).145  The larynx is suspended 

by the cranial base of the hyoid apparatus and is partially contained by the rami of 

the mandible and partially within the ventral soft tissue structures of the neck.145 

 

 

Figure 1: Fixed specimen of epiglottis in-situ with surrounding laryngopharyngeal 

tissue collected en bloc from a mesocephalic dog.   

 

1.3.3 Histology 

The epiglottis consists of a central elastic cartilage core covered by non-keratinised, 

stratified squamous epithelium that overlies a lamina propria-submucosa composed 

of dense, irregular connective tissue interspersed with seromucosal glands (Figure 
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2).153,154  The elastic cartilage core consists of a peripheral cartilaginous wall 

enclosing areas of chondrocytes located within lacunae in small aggregates 

(isogenous clusters), avascular extracellular matrix, adipose tissue and interweaving 

elastic fibres.153,155,156  The epiglottis has a rostral lingual surface and a caudal 

laryngeal surface with the laryngeal surface containing taste buds and sensory 

nerves.146,147,152,153  Regarding the normal canine epiglottis, there is limited 

information on the proportion of epithelial, lamina propria-submucosa and cartilage 

tissue components, the typical distribution and proportions of various histologically 

distinct cellular components, and changes related to aging and breed.150,152  

 

 

Figure 2: Photomicrographs of H&E sections of the middle third of the epiglottal 

cartilage from a representative section of a) mesocephalic dog; note the epithelium 

(black arrowhead), lamina propria-submucosa (dashed black line) and the cartilage 

core (dashed white line) and b) inset displaying chondral cells clusters (asterisk), 

fibrous tissue (white arrowhead) and adipose tissue (black diamond).  Scale bar for 

2a = 200 µm. 

 

1.3.4 Pathological processes 

There is a relative dearth of information on anatomical and histological features of 

the epiglottis in BOAS-affected dogs and limited histological information on epiglottal 
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retroversion and laryngeal collapse.  Other epiglottis pathology in dogs include 

neoplasia including chondrosarcoma, plasmacytoma, rhabdomyoma, lipoma and 

malignant myoepithelioma, epiglottal abscesses, epiglottal trauma resulting in 

haemorrhage and inflammation, and experimental thermal and pressure animal 

models on injury using mesocephalic dogs.157-168   

 

The role of the head, neck, nares, nasal cavity, nasopharynx, pharynx, tongue, 

palatine tonsils, soft palate, larynx, trachea, bronchi and lungs in the pathophysiology 

of brachycephalic obstructive airway syndrome and progressive deterioration has 

been well characterised.3,4,9,10,15,17,18,21   In contrast, the role of the epiglottis in BOAS 

pathophysiology is little described and is the basis of this thesis.98   

 

1.4 Thesis structure 

1.4.1 Research objectives 

The anatomical restrictions and crowding of structures in brachycephalic dogs are 

asserted to cause interlinked pathophysiology from increased negative airway 

pressure, turbulence, resistance and contact irritation.  Additionally, BOAS severity 

has breed and sex trends within the extreme brachycephalic group of pugs such as 

French bulldogs and bulldogs.  It is hypothesised that BOAS may also affect the 

epiglottis, a tissue previously not evaluated, and this will be reflected anatomically 

and histologically. The objectives of this study are to compare the epiglottal 

anatomical and histological features between brachycephalic and non-

brachycephalic dogs (mesocephalic and doliocephalic) and evaluate for BOAS-

associated changes which may be anatomical dimensional, compositional, 

inflammatory or degenerative. 
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1.4.2 Research questions and hypotheses 

The following three research questions and associated hypotheses will be examined: 

1) Does the epiglottis of brachycephalic dogs have anatomical dimensional 

variation that can be attributed to BOAS compared to mesocephalic and 

doliocephalic dogs?  It is hypothesised that the epiglottis of brachycephalic 

dogs will have relatively increased length, breadth, height and volume in 

comparison to similar sized mesocephalic or doliocephalic dogs due to 

disproportionate reduction of internal soft tissue components. 

2) Does the epiglottis of brachycephalic dogs have microscopic compositional 

changes that can be attributed to BOAS compared to mesocephalic and 

doliocephalic dogs?  It is hypothesised that the epiglottis of brachycephalic 

dogs will have a differing percent composition of epithelium, lamina propria-

submucosa, cartilage core, chondral cells plus matrix, fibrous tissue and 

adipose tissue that can be attributed to BOAS compared to mesocephalic and 

doliocephalic dogs. 

3) Does the epiglottis of brachycephalic dogs have inflammatory and/or 

degenerative changes that can be attributed to BOAS compared to 

mesocephalic and doliocephalic dogs?  It is hypothesised that the epiglottis of 

brachycephalic dogs will have increased oedema, increased inflammatory cell 

numbers, calcification/mineralisation, cartilage metachromasia, total chondral 

cells and degenerate chondral cells that can be attributed to BOAS compared 

to mesocephalic and doliocephalic dogs. 
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Chapter 2: Materials and Methods 
 

2.1. Study design 

This study utilised an observational, retrospective, case-control approach to compare 

epiglottal anatomy and histology in three head types (brachycephalic, mesocephalic 

and doliocephalic).  Inclusion criteria for dogs enrolled were any breed, age or 

weight.  Exclusion criteria were overt inflammatory, traumatic or neoplastic lesions 

involving the epiglottis, palatine tonsils and adjacent soft tissue.  Conventions used 

were brachycephalic breeds having skull width:length ratio of 0.81 or greater or a 

craniofacial angle between the base of the skull and facial skull of 9-14° in 

brachycephalic dogs, 19-21° in mesocephalic dogs, and 25-26° in doliocephalic 

dogs.15  Breeds were categorised into three head types with confirmation of skull 

dimensions and allocated to one of three groups: brachycephalic dogs (BC group), 

mesocephalic dogs (MC group) and doliocephalic dogs (DC group).  Forty-one 

cadaver dogs were included in the study that comprised of brachycephalic dogs (BC 

group, n = 10 adults, n = 2 juvenile/puppy), mesocephalic dogs (MC group, n = 21 

adults) and doliocephalic dogs (DC group, n = 3 adults, n = 5 puppies). Mixed breeds 

were allocated into a group based on skull dimensions. 

 

2.2. Sample collection 

Measurements and tissues were obtained from 41 euthanased dogs submitted to the 

University of Sydney Veterinary Teaching Hospital as part of the body donation 

scheme for which owners’ consent was received.  As such, animal ethics approval 

for this study was not required.  Dog breed, age, sex, neuter status, body weight, 

body condition, fresh/frozen status and degree of autolysis level were recorded.  

When age was unknown, a morphological and dental assessment was used to 
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assign as juvenile/puppy or adult.  Cadavers were categorised into one of the three 

groups (BC, MC or DC) based on breed and skull dimension confirmation.  In 

addition to the examination undertaken for this study, standard necropsy was 

conducted in all cases including routine tissue collection, documentation of all 

concurrent pathological diagnoses, and any history of prior BOAS surgery. 

 

2.3. Morphological gross assessment 

Measurements (millimetres) of the following were taken from brachycephalic (n = 3 

adults, n = 1 puppy), mesocephalic (n = 12 adults) and doliocephalic (n = 2 adults, n 

= 5 puppies): epiglottal length, breadth and width; and bilateral tonsillar length, 

breadth and width (epiglottal data located in Appendix B; tonsillar data located in 

Appendix C).  Figure 2 displays an example of the epiglottis in-situ with surrounding 

tissues.  Measurements of skull length, breadth and width were taken from 

brachycephalic (n = 3 adults, n = 1 puppy), mesocephalic (n = 9 adults) and 

doliocephalic (n = 2 adults) dogs (skull data located in Appendix B).    In addition, 

measurement of the craniofacial angle (degrees) between the base of the skull and 

facial skull was taken from brachycephalic (n = 5 adults, 1 juvenile), mesocephalic (n 

= 8 adults) and doliocephalic (n = 1 adults, n = 5 puppies) dogs.  Overall, variable 

combinations of epiglottal, skull and craniofacial angle measurements were not 

measured in 4 to 8 brachycephalic, 9 to 13 mesocephalic, and 1 to 6 doliocephalic 

dogs as samples were obtained retrospectively.  Linear measurements of the skull 

and epiglottis were performed with an anatomical ruler with an accuracy of 0.5 mm.  

Angular measurements of the craniofacial angle were performed with a protractor 

with an accuracy of 0.5 °.  The following measurements were carried out prior to 

formalin fixation: 
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• ls – maximum length of skull 

• ws – maximum width of skull 

• as – craniofacial angle between the base of the skull and facial skull 

• le – maximum length of epiglottis 

• we – maximum width of epiglottis 

• he – maximum height of epiglottis 

 

Figure 3 demonstrates the skull and epiglottal measurements symbolically portrayed 

as manipulation required for accurate measurements.  Based on previous literature, 

the following formula was utilised to calculate for skull width:length ratio.15  

• Skull width:length ratio of the head = ws / ls 

A formula for epiglottal volume was not available in the literature, so epiglottal 

volume was estimated to be a rectangular pyramid based on the closest possible 

geometric shape that allowed a volume calculation using the following standard 

formula. 

• Volume of epiglottis = 1/3 x le x we x he (mm3) 

 

Epiglottal dimensions of the three head type groups were compared relative to body 

weight and skull dimensions, based on previous reports that linear laryngeal 

parameters were significantly associated with body weight.152   
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Figure 3: Skull and epiglottal measurements symbolically portrayed displaying a, b) 

frontal and lateral head views from a brachycephalic dog showing skull length 

(vertical white dashed line), skull width (horizontal white dashed line), and 

craniofacial angle between base of skull and facial skull (solid white line angle); c, d) 

unfixed dorsal and fixed side epiglottis views from a brachycephalic and 

mesocephalic dog respectively, showing epiglottal length (blue dashed line), 

epiglottal width (black dashed line), and epiglottal height (red dashed line). 

 

2.4. Histological section preparation 

Epiglottal tissues were obtained from 41 dogs comprised of brachycephalic dogs (n = 

10 adults, n = 2 juvenile/puppy), mesocephalic dogs (n = 21 adults) and 

doliocephalic dogs (n = 3 adults, n = 5 puppies).  Additionally, variable numbers of 

nares, palatine tonsils, soft palate, larynx, trachea and lungs were obtained from the 
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same cadavers as described in Appendix A.  The larynx was collected en bloc within 

the surrounding proximal pharynx, proximal hard palate, palatine tonsils, soft palate, 

proximal tongue and proximal trachea to minimise fixation-distortion artefact and 

fixed in 10% neutral buffered formalin (Figure 1).  Upon fixation, the central region of 

the epiglottal cartilage was dissected across its length to produce two to three 

samples of 2 to 4 mm thickness (Figure 4).  The number of samples varied due to 

the size of available tissue.  The fixed samples were processed by an automated 

tissue processor (Medite TPC15, Germany), paraffin-embedded, and 4 µm sections 

were obtained by microtome (Leica RM 2235, Switzerland).  Sections were routinely 

stained with haematoxylin and eosin (H&E) by an automated slide stainer (Tissue-

Tek Prisma, Japan) for the purposes of microscopic and histopathological 

description.  Cartilaginous tissue was also evaluated with toluidine blue stain for 

degree of metachromasia.  All H&E and toluidine blue sections were visually 

subdivided into proximal, middle and distal thirds on the slide (Figure 4). 

 

 

Figure 4: Epiglottal anatomical location of section and illustration of histological 

subdivisions, displaying a) anatomical location of epiglottal section indicating the 

plane of section (black dashed line) and b) representative H&E slide of epiglottis 

from a mesocephalic dog, indicating subdivision into proximal epiglottal third (blue 

dashed line), middle epiglottal third (red dashed line) and distal epiglottal third (green 

dashed line) used for micromorphometric evaluation. 

 



27 
 

Representative samples, when allowable were also taken in replicate of the nares, 

palatine tonsils, soft palate, mid-transverse larynx, proximal trachea, distal trachea 

and lungs to assess the entire respiratory tract for any concurrent pathology 

(Appendix A). 

 

2.5. Micromorphometric evaluation 

Using H&E sections, the proportions of epithelium, lamina propria-submucosa, 

cartilage and cellular components of the cartilage core (cartilage, adipose tissue, 

fibrous tissue and calcification) were evaluated within the proximal, middle and distal 

third of 41 epiglottal tissues that were blinded to head type.  Tissue examination was 

performed blinded to the dogs’ classification as brachycephalic, mesocephalic and 

doliocephalic.  Measurements were undertaken at 12.5x magnification using 

microscope interphase camera-imaging software (Olympus BX53, Olympus DP80 

Camera; Olympus cellSens Standard 3.1, Japan) based on the instructional manual, 

intuitive menu features, and instruction videos.169, 170,171  As six tissue components 

required evaluation, the following area measurements were undertaken manually 

using the polygon area calculation tool and optimised contrast enhancement for each 

third of tissue.170,171 

• TA = Total area 

• LP_SM_CC_M = Lamina propria-submucosa + cartilage core (+ muscle if 

present) 

• CC = Cartilage core 

• M = Muscle if present 

• CL = Chondrocyte/chondroblast clusters-cartilage (thence forth 

chondrocytes/chondroblasts referred to chondral cells collectively)  
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• F_CL = Fibrous tissue + chondral cells cluster 

• C = Calcification if present 

 

Figure 5 displays a representative section from the brachycephalic group with 

contrast enhancement and highlighted areas for manual measurements of tissue 

components captured using cellSens imaging software which allowed area analysis 

and comparison. 

 

Figure 5: Photomicrograph of a contrast enhanced H&E section of the middle third of 

the epiglottal cartilage from a brachycephalic dog showing a schematic diagram of 

area measurements, which were used for calculation of proportions of epithelium, 

lamina propria-submucosa, cartilage and histologically distinct components of the 

cartilage core (chondral cell/matrix, adipose and fibrous tissues).  Total area of 

middle third of epiglottis = black line, lamina propria-submucosa + cartilage core = 

yellow line, cartilage core = blue line, examples of chondral cell clusters-cartilage = 

purple line, examples of fibrous tissue + chondral cell clusters-cartilage = green line.  

Scale bar = 500 µm. 
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Using Microsoft Excel (Version 2402 Build 16.0.17328.20648), the following 

calculations for areas were undertaken: 

• E = Epithelium = TA – (LP_SM_CC_M) 

• LP-SM = Lamina propria-submucosa = (LP_SM_CC_M) – CC 

• TCL = Total chondral cells clusters-cartilage = SUM(CL)  

• TF_CL = Total fibrous tissue + chondral cells clusters-cartilage = SUM (F_CL) 

• FT = Fibrous tissue = TF_CL – TCL 

• A = Adipose tissue = CC – (TCL + FT) 

 

Lastly, the above areas were used to calculate the following proportions: 

• % epithelium = (E/TA)*100 

• % lamina propria-submucosa = (LP-SM/TA)*100 

• % cartilage core = (CC/TA)*100 

• % muscle = (M/TA)*100 

• % chondral cells clusters-cartilage within cartilage core = (TCL/CC)*100 

• % fibrous area within cartilage core = (FT/CC)*100 

• % adipose area within cartilage core = (A/CC)*100 

• % calcification if present within cartilage core = (C/CC)*100 

 

2.6. Evaluation of histopathological features 

Using the same blinded H&E sections utilised in the micromorphometric study, the 

distal, middle and proximal sections were evaluated with light microscopy (Nikon 

Eclipse 50i) for the following histopathological features: oedema, inflammation, 

cartilage metachromasia, and cartilage mineralisation, median chondral cell number 

across five fields, and median degenerate chondral cell number across five fields 
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(Table 2).  Note that chondrocytes and chondroblasts were referred to as chondral 

cells collectively.  Grading schemes were developed for oedema, inflammation, 

calcification/mineralisation, and cartilage metachromasia (Table 2).  Premised on 

previous literature, tissue samples were evaluated for oedema and inflammatory cell 

numbers and designated grade 0 to 3 dependant on the degree of change (0 = 

normal, 1 = mild, 2 = moderate, 3 = marked), and grade 0 designated as no change 

(Figures 6 and 7).121-124  Evaluation of oedema was undertaken on the epithelium 

and lamina propria-submucosa, however in lieu of postmortem samples, the 

contribution of separation artefact was also present.  Calcification/mineralisation was 

graded as 0: absent or 1: present (Figure 8).172 

 

The total number of chondral cells and degenerative chondral cells were counted in 

five randomly selected fields of epiglottal cartilage at 400x magnification (total area 

0.8 mm2), and the median number of total chondral cells and degenerative chondral 

cells calculated for each group, as described previously.131,144,173  Degenerative 

chondral cells were defined as those displaying characteristic cell shrinkage, 

cytoplasm density increase, chromatin condensation and nucleosomal 

fragmentation.131,173,174  Replicate sections of epiglottal tissue were stained with 

toluidine blue for assessment of metachromasia and cartilage degeneration.131,173  In 

accordance with previously employed histological grading scales, epiglottal sections 

stained with toluidine blue were graded as 0: normal, 1: mildly reduced, 2: 

moderately reduced, 3: markedly reduced metachromatic staining (Figure 

9).131,144,173  Grade 0 or normal toluidine blue staining of cartilage defined as intense 

purple metachromatic staining due to binding of glycosaminoglycans in cartilage 
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matrix; whereas Grades 1 to 3 were associated with corresponding increased 

depletion of glycosaminoglycans and cartilage degeneration. 

 

Table 2: Criteria for categorising histopathological changes in the epiglottal tissue of 

brachycephalic (n = 10 adults, n = 2 juvenile/puppy), mesocephalic (n = 21 adults) 

and doliocephalic (n = 3 adults, 5 puppies) dogs premised on previous literature 

schemes. 121-124, 131, 144, 172, 173 

Oedema grade of epithelium and lamina propria-submucosa 

0 Normal appearance of epithelium and lamina 

propria-submucosa 

I Mild interstitial oedema with tissue separation 

and/or mild epithelial intracellular oedema 

II Moderate interstitial oedema with tissue separation 

and/or moderate epithelial intracellular oedema 

III Marked interstitial oedema with tissue separation 

and/or marked epithelial intracellular oedema 

Inflammation grade  

0 Occasional inflammatory cells 

I Mildly increased inflammatory cells 

II Moderately increased inflammatory cells 

III Markedly increased inflammatory cells 

Calcification/mineralisation grade of cartilage 

0 Absent 

I Present 

Metachromasia grade of cartilage using toluidine blue stain 

0 Normal (intense purple metachromatic staining) 

I Mildly reduced metachromatic staining 

II Moderately reduced metachromatic staining 

III Markedly reduced metachromatic staining 
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Table 2 – continued. 

Number of total chondral cells in 

cartilage 

Median number of total chondral cells in 5 

randomly selected fields at 400x 

magnification, (total area = 0.8 mm2) 

Number of degenerate chondral cells 

in cartilage 

Median number of degenerate chondral 

cells in 5 randomly selected fields at 400x 

magnification, (total area = 0.8 mm2) 

Chondrocytes and chondroblasts collectively included in chondral cell counts. 

 

 

Figure 6: Photomicrographs of H&E sections of oedema grading in the epiglottal 

lamina propria-submucosa (dashed black line) displaying a) Grade 0 or no interstitial 

oedema, b) Grade 1 or mild interstitial oedema with tissue separation, c) Grade 2 or 

moderate interstitial oedema with tissue separation, and d) Grade 3 or marked 

interstitial oedema with marked separation of tissue and dilated lymphatics.  

Example of epithelial intracellular oedema only available for Grade 2 (not shown); 

however matched interstitial oedema grade in same section.  Scale bar = 100 µm. 
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Figure 7: Photomicrographs of H&E sections of inflammation grading in epiglottal 

lamina propria-submucosa assessment displaying a) Grade 0 or no/few inflammatory 

cells, b) Grade 1 or mildly increased inflammatory cells, c) Grade 2 or moderately 

increased inflammatory cells, and d) inset from Grade 2.  Lamina propria-submucosa 

denoted by dashed black line and inflammatory cells denoted by black arrowheads.  

Representative example of Grade 3 or markedly increased white blood cells not 

observed in viewed sections in this study.  Scale bar = 50 µm. 
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Figure 8: Photomicrographs of H&E sections of calcification/mineralisation grades for 

epiglottal cartilage displaying a) Grade 0 or absence of calcification/mineralisation, b) 

Grade 1 or presence of calcification/mineralisation (white arrow). Scale bar = 100 

µm.  

 



35 
 

 

Figure 9: Photomicrographs of H&E and Toluidine Blue sequential sections for 

metachromasia grading displaying a, b) normal laryngeal cartilage and normal 

intense purple metachromatic staining with toluidine blue stain; in comparison to  
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Figure 9 – continued. 

epiglottal cartilage sections c, d) Grade 0 or normal metachromatic staining; e, f) 

Grade 1 or mildly reduced metachromatic staining; and g, h) Grade 2 or moderately 

reduced metachromatic staining. Reductions in metachromatic staining denoted by 

pink to pale purple region (white arrows) in toluidine blue sections.  Representative 

example of Grade 3 with marked reduction of metachromatic staining not observed 

in viewed sections in this study.  Scale bar = 100 µm.   

 

2.7. Statistical analysis 

Descriptive statistics, median and observed range of values were determined for all 

gross morphometric, micromorphometric, binary and ordinal data (that is grading 

schemes) for each head group; brachycephalic, mesocephalic and doliocephalic 

using Microsoft Excel (Version 2402 Build 16.0.17328.20648).   

 

Comparative statistics was undertaken on continuous micromorphometric, binary 

and ordinal data using Genstat (22nd Edition [64-Bit].Ink).  For continuous 

micromorphometric data comparison, normality was checked using probability 

distribution plots or the Shapiro Wilk test with significance set at p<0.05.  For 

continuous data or natural log transformed continuous data that was established to 

be normally distributed post natural log transformation, a two sample t-test was 

undertaken with significance set at p<0.05.  For non-parametric continuous data, the 

non-parametric Mann-Whitney U test was undertaken with significance set at p<0.05.  

Where sample size was sufficient, continuous data compared were from the distal, 

middle and proximal epiglottal sections and included the following 

micromorphometric data: percent areas of epithelium, lamina propria-submucosa, 

cartilage core, chondral cells/matrix, fibrous tissue, adipose tissue, and 

histopathological changes data: total chondral cells and degenerate chondral cells.  
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Continuous data statistical comparison was undertaken on micromorphometric data 

of adult brachycephalic and adult mesocephalic dogs only as sample sizes of 

doliocephalic and juvenile/puppies groups were not sufficient for inclusion in the 

quantitative statistical analysis.   

 

For binary data comparison, the Wald test for logistic regression was undertaken 

with significance set at p<0.05.  Similarly, for ordinal data, the Wald test for ordinal 

regression was undertaken with significance set at p<0.05, and scores reduced to 

three categories: 0, 1 or 2 or more (that is scores 2 and 3 combined into one 

category).  Binary and ordinal data compared were from the distal, middle and 

proximal sections and included oedema grade, inflammation grade, cartilage 

metachromasia grade and cartilage calcification/mineralisation grade.  For binary 

and ordinal data, statistical comparison was undertaken on all three head groups of 

adult dogs only, as sample sizes of juvenile/puppies groups were not sufficient for 

inclusion in the quantitative statistical analysis.   
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Chapter 3: Results 

 

3.1. Animals and head group assignment 

Table 3 presents distribution of sex, age, body weight, skull width:length ratio and 

craniofacial angle of the 41 cadaver dogs included in the study. Dogs were assigned 

to the brachycephalic, mesocephalic and doliocephalic head group based on a 

combination of skull width:length ratio, craniofacial angle, reported breed and 

photograph evaluation.13-16  This resulted in the following composition of study 

groups: brachycephalic dogs (BC group, n = 10 adults, n = 2 juvenile/puppy), 

mesocephalic dogs (MC group, n = 21 adults) and doliocephalic dogs (DC group, n = 

3 adults, n = 5 puppies).  Thirty-four dogs with available craniofacial angles and skull 

width:length ratios were assigned to a group were consistent with conventional 

definitions of brachycephalic, mesocephalic and doliocephalic heads.13-16  A 

Staffordshire bull terrier (n = 1) with a craniofacial angle of 18° intermediate between 

the conventional definitions was assigned to the BC group based on its breed 

association with BOAS.  A French bulldog crossbreed was assigned to the 

mesocephalic group based on a skull width:length ratio of 0.74.  Six dogs lacking 

measured skull width:length ratio and craniofacial angle were assigned to head 

groups based on breed and photographs.  Three cross breeds from the 

mesocephalic group displayed skull width:length ratio in the upper range reflecting 

the continuum of head shape within dogs.  For dogs with unknown age, 

morphological and dental assessment assigned them to be adults, and these 

included brachycephalic (n = 3), mesocephalic (n = 6) and doliocephalic (n = 1) 

dogs.     
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Table 3: Distribution of adult dogs and juveniles/puppies categorised by head shape.  

Data for age and body weight provided as median and observed range of values in 

parenthesis.  Skull width: length ratio and craniofacial angle provided as observed 

range of values and number of animals in parenthesis based on available data 

collection.  Sex is denoted by M = male, MN = male neuter, F = female, FN = female 

neuter, IS = intersex and number of animals in parenthesis. 

 Brachycephalic Mesocephalic Doliocephalic 

Epiglottal 

measurements 

samples 

3 (adults) 

1 (juvenile/puppy) 

12 (adults) 2 (adults) 

5 (juvenile/puppy) 

Tissue 

samples 

10 (adults) 

2 (juvenile/puppy) 

21 (adults) 3 (adults) 

5 (puppies) 

Sex M (3) MN (15) M (4) 

 MN (4) F (1) F (3) 

 F (1) FN (5) FN (1) 

 FN (3)   

 IS (1)   

Age (y) 2.58 (0.31-12.0) 10.7 (1.33-14.5) 0.12 (0.12-7.66) 

Body weight 

(kg) 

11.4 (4.20-24.0) 14.3 (3.20-53.0) 2.95 (1.20-27.5) 

Skull 

width:length 

ratio 

0.80-0.89 (4) 0.47-0.78 (10) 0.45-0.46 (2) 

Craniofacial 

angle (°) 

11.0-14.0 (5) 20.0-22.0 (8) 25.0-26.0 (6) 

 

The three head groups consisted of 25 reported breeds of dogs: the brachycephalic 

group included pugs (4), French bulldogs (3), English bulldog (1), American bulldog 



40 
 

(1), Staffordshire bull terrier (1), cavalier King Charles spaniel (1), and shih tzu (1); 

the mesocephalic group included German shepherds (3), Jack Russell terriers (2), 

beagle (1), springer spaniel (1), spoodle (1), border collie (1), golden retriever (1), 

Labrador retriever (1), bichon frise (1), fox terrier (1), miniature fox terrier (1), 

Labrador retriever crossbreed (1), kelpie crossbreed (1), dachshund crossbreed (1), 

Maltese crossbreed (1), mixed breed (2) and French bulldog crossbreed (1); and 

doliocephalic group included only one breed: greyhound (8). 

 

3.2. Morphological gross assessment 

During postmortem tissue collection or processing, gross evaluation of the epiglottis 

was undertaken on all 41 dogs, however epiglottal measurements were limited to 23 

dogs depending on whether they were undertaken during the postmortem 

examination.  Figure 10 presents photographs of the epiglottis and surrounding 

tissues from cases obtained both retrospectively and prospectively and were 

dependant on the necropsy scheme which required different collection of the 

postmortem sample.  As such optimal retrospective gross photographs were not 

often possible to obtain.  In addition, elongate/swollen soft palates or everted 

palatine tonsils, both lesions relatable to BOAS, frequently obscured or entrapped 

the epiglottis in BC group individuals (Figure 10).   

 

Table 4 presents the distribution of epiglottal length, width, height and volume 

proportionate to body from available data that comprised of a total of 23 dogs 

including brachycephalic dogs (BC group, n = 3 adults, n = 1 juvenile/puppy), 

mesocephalic dogs (MC group, n = 12 adults) and doliocephalic dogs (DC group, n = 

2 adults, n = 5 puppies).  Individual measurements specific to breed, age, sex, 
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weight, craniofacial angle, skull dimensions and additional information relating 

cadaver condition, collected tissues, slide replicate samples, and relevant concurrent 

pathology or conditions are provided in Appendices A, B and C. 

 

 
 

Figure 10: Gross images of epiglottises (black arrow) in brachycephalic (a-c) in-situ 

tissues with lesions relatable to BOAS displaying: a) elongate soft palate and everted 

palatine tonsils with epiglottis centrally, b) elongate markedly swollen soft palate 

resting on epiglottis and poorly visible everted palatine tonsils, c) epiglottis centrally 

and partially everted palatine tonsils, and d) epiglottis of a mesocephalic dog for 

comparison with no observable BOAS pathology.  Note the obscuring or entrapping 

the epiglottis involving the soft palate (white arrow) and palatine tonsils (white 

arrowhead). 
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Table 4: Distribution of epiglottal length, width and height proportionate to body 

weight from brachycephalic (n = 3 adults, n = 1 juvenile/puppy), mesocephalic (n = 

12 adults) and doliocephalic (n = 2 adults, n = 5 juvenile/puppy) dogs.  Data provided 

as median and observed range of values in parenthesis, head shape denoted by BC 

= brachycephalic, MC = mesocephalic, DC = doliocephalic.  Epiglottal volume 

estimated to be a rectangular pyramid, where volume equals 1/3 x length x width x 

height (mm3).    

Head 

shape 

Epiglottal 

length/body 

weight (mm/kg) 

Epiglottal 

width/body 

weight (mm/kg) 

Epiglottal 

height/body 

weight (mm/kg) 

Epiglottal volume 

(mm3/kg) 

BC 

adults 

2.19 (1.80-2.60) 2.19 (1.97-2.60) 0.13 (0.12-0.14) 21.6 (17.3-25.2) 

BC 

puppies 

3.57 (3.57) 3.33 (3.33) 0.24 (0.24) 16.7 (16.7) 

MC 

adults 

1.35 (0.70-4.69) 1.35 (0.57-4.69) 0.11 (0.02-0.47) 18.1 (6.98-35.2) 

DC 

adults 

1.32 (1.27-1.36) 1.28 (1.20-1.36) 0.05 (0.05-0.05) 17.3 (13.6-21.0) 

DC 

puppies 

6.00 (4.69-13.3) 5.60 (4.69-11.7) 0.20 (0.16-0.42) 14.0 (11.7-31.1) 

 
 
 

3.3. Gross morphological measurements of the epiglottis 

Epiglottal measurement data was evaluated from the three groups (BC, n = 3 adults, 

n = 1 puppy; MC, n = 12 adults; DC, n = 2 adults, n = 5 puppies; total of 23 dogs).  

Overall, while statistical analysis was not undertaken due to insufficient sample 

numbers, brachycephalic dogs tended to have relatively larger epiglottal dimensions.  

Puppies (especially brachycephalic and doliocephalic) tended to have larger 

epiglottal proportions than adults except in volume.  The brachycephalic group had 
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measurements that were similar or higher than the mesocephalic group in terms of 

length, width, height and volume; higher than the doliocephalic group for length, 

width and height; and similar with the doliocephalic group for volume.  In the 

brachycephalic and doliocephalic groups, length, width and height measurements 

were higher in puppies compared to adults, however volumes were similar.  The 

brachycephalic puppy had a higher length, width and height compared to the adult 

brachycephalic dogs, but a lower volume.  The brachycephalic puppy also had lower 

length and breadth measurements in comparison to the doliocephalic puppies, but 

similar height and volume measurements.  The greatest variation of measured 

values was observed in the mesocephalic group. 

 

3.4. Micromorphometric measurements of the epiglottis 

Histological assessment of the epiglottis was undertaken on all 41 dogs.  Table 5 

presents the distribution of micromorphological measurements from distal, middle 

and proximal epiglottis.  The percentage of epithelium, lamina propria-submucosa, 

and cartilage core relative to total epiglottis, as well as the proportions of chondral 

cells plus matrix, fibrous tissue and adipose tissue relative to the cartilage core were 

calculated from individual dogs divided into their three head groups and further 

partitioned by age.169,170,171  Individual measurements specific to breed, age, sex and 

weight are displayed in Appendix D. 
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Table 5: Distribution of percent areas (median and observed range of values) of tissue components from distal, middle and 

proximal epiglottis. Measurements include epithelium, lamina propria-submucosa, cartilage core relative to total epiglottis area, as 

well as chondral cells/matrix, fibrous tissue and adipose tissue relative to cartilage core area.  Data presented from 41 dogs, 

including brachycephalic (n = 10 adults, n = 2 juvenile/puppy), mesocephalic (n = 21 adults) and doliocephalic (n = 3 adults, n = 5 

juvenile/puppy) dogs.  Head shape denoted by BC = brachycephalic, MC = mesocephalic, DC = doliocephalic, and histological 

section denoted as D = distal, M = middle, P = proximal. 

Head shape  Epithelium (%) Lamina propria-

submucosa (%) 

Cartilage core 

(%) 

Chondral 

cells/matrix (%) 

Fibrous tissue 

(%) 

Adipose tissue 

(%) 

BC adults D 6.05 (3.53-9.73) 34.6 (23.8-51.3) 59.5 (44.2-72.7) 22.4 (4.02-31.2) 46.7 (35.3-73.9) 29.7 (9.36-52.9) 

 M 3.35 (1.87-10.6) 43.9 (17.8-52.1) 49.7 (37.4-79.2) 15.2 (1.33-24.2) 38.3 (0.91-56.0) 46.4 (28.0-83.6) 

 P 3.16 (1.63-6.49) 40.9 (24.0-48.7) 50.3 (37.9-65.5) 12.8 (0.88-30.7) 23.6 (12.9-57.7) 59.3 (24.4-86.2) 

BC puppies D 7.50 (3.47-11.5) 43.3 (42.0-44.6) 49.2 (43.9-54.5) 13.7 (3.01-24.3) 44.5 (40.3-48.8) 41.9 (35.5-48.2) 

 M 6.10 (1.52-10.7) 32.9 (32.6-33.3) 52.1 (43.7-60.5) 4.98 (2.84-7.12) 30.4 (25.1-35.7) 64.6 (57.2-72.0) 

 P 1.82 (1.06-2.57) 24.7 (21.6-27.8) 41.8 (35.9-47.6) 0.77 (0.60-0.93) 50.0 (34.4-65.6) 49.2 (33.4-65.0) 

MC adults D 6.22 (3.25-11.0) 37.4 (15.2-53.7) 56.4 (37.0-80.4) 14.5 (0.75-25.4) 52.0 (32.9-67.3) 33.3 (17.7-61.9) 

 M 2.78 (1.45-9.63) 38.1 (22.0-57.5) 55.1 (35.1-75.5) 10.9 (1.89-20.0) 29.8 (19.1-50.2) 59.6 (31.6-79.0) 
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Table 5 – continued. 

Head shape  Epithelium (%) Lamina propria-

submucosa (%) 

Cartilage core 

(%) 

Chondral 

cells/matrix (%) 

Fibrous tissue 

(%) 

Adipose tissue 

(%) 

 P 2.57 (0.55-17.6) 34.1 (1.09-61.4) 45.9 (23.9-71.6) 3.70 (0.33-15.5) 23.8 (13.2-39.0) 72.1 (47.0-86.5) 

DC adults D 4.34 (4.32-4.80) 36.1 (34.5-47.8) 59.6 (47.9-60.7) 22.0 (19.2-22.2) 39.7 (37.1-57.6) 38.4 (20.2-43.7) 

 M 4.99 (3.18-5.03) 35.5 (27.6-36.1) 61.3 (59.0-67.4) 15.2 (9.42-24.8) 35.9 (28.9-37.2) 54.7 (38.0-56.0) 

 P 4.52 (2.01-4.94) 43.0 (31.6-43.7) 48.8 (46.9-58.9) 7.51 (6.56-8.07) 24.0 (20.4-25.8) 68.5 (66.2-73.0) 

DC puppies D 12.1 (10.7-13.4) 27.9 (20.6-32.7) 58.7 (55.5-67.4) 0.46 (0.16-24.6) 33.9 (0.98-56.7) 59.9 (42.6-98.9) 

 M 8.62 (5.38-10.6) 30.9 (29.6-37.7) 53.7 (48.2-58.6) 0.65 (0.48-14.8) 28.1 (10.8-31.1) 71.4 (68.3-74.4) 

 P 6.08 (4.15-11.4) 39.8 (19.1-51.0) 36.7 (34.7-39.7) 1.09 (0.12-17.0) 24.7 (16.0-32.7) 72.8 (50.3-83.9) 
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3.5. Qualitative assessment of epiglottal micromorphology 

Chondral cells (chondrocytes/chondroblast clusters) and associated cartilaginous 

matrix were distributed in clusters primarily on the peripheries of the cartilaginous 

core, and they often coalesced on the ventral aspect or less frequently formed 

bridging structures through the centre (Figure 11).  In contrast, fibrous and adipose 

tissue appeared to be distributed more centrally and adipose tissue appeared to 

increase from distal to proximal areas.  Sectional artefacts were observed in 23/41 

specimens, seen most commonly as uplifted soft tissue overlying the cartilage core 

or mineralised regions within the cartilage core where brittle tissue dropped off the 

section (Figure 11).  Rarely sectional folding or complete loss of larger regions were 

observed. 

 

 

Figure 11: Photomicrographs of H&E sections of the middle third of the epiglottal 

cartilage from a) a brachycephalic dog and b) a doliocephalic dog displaying in 

chondral cells/matrix distribution (white arrowhead) on the dorsal and ventral borders 

and less frequently bridging.  Also displayed are two most commonly seen sectional 

artefacts of uplifted soft tissue overlying the cartilage (asterisk), and mineralised 

region where brittle tissue has dropped off the section (white arrow).  Scale bar = 

200 µm. 
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3.6. Quantitative micromorphometric measurements 

Overall for all dogs and puppies included in the study (n = 41), the median percent 

areas were as follows: epithelium (adult: 3.35%, puppy: 7.36%), lamina propria-

submucosa (adult: 37.4%, puppy: 31.9%%), cartilage core (adult: 55.1%, puppy: 

51.73%) relative to total epiglottis, and chondral cells/matrix (adult: 15.2%, puppy: 

2.82%), fibrous tissue (adult: 35.9%, puppy: 36.3%) and adipose tissue (adult: 

54.7%, puppy: 60.3%) relative to the cartilage core (Table 5).  Figure 12 displays a 

middle section from a mesocephalic dog displaying the distinct tissues measured. 

 

Figure 12: Photomicrograph of a H&E section of the middle third of the epiglottal 

cartilage from a representative section of a mesocephalic dog.  Areas measured are 

epithelium (black arrowhead), lamina propria-submucosa (dashed black line), 

cartilage core (dashed white line), chondral cells clusters (asterisk), fibrous tissue 

(white arrowhead) and adipose tissue (black diamond).  Scale bar = 200 µm. 

 



48 
 

Figure 13 presents the statistically significant comparisons of micromorphometric 

measurements observed in adult brachycephalic (n = 10) and mesocephalic (n = 21) 

dogs and relates to percent chondral cell/matrix area of the distal epiglottis and 

percent chondral cell/matrix area of the proximal epiglottis.  With the exception of the 

chondral cell/matrix component, there were no statistically significant differences in 

micromorphometric measurements in the distal, middle and proximal sections when 

adult brachycephalic and mesocephalic dogs were compared.  The percent area of 

chondral cell/matrix was significantly greater in the distal section for BC adults (P = 

0.016, Figure 13) and also was significantly greater in the proximal section for BC 

adults (P = 0.043, Figure 13).  Statistically significant differences were not observed 

in epithelium, lamina propria-submucosa, cartilage core, fibrous tissue and adipose 

tissue measurements in adult brachycephalic and mesocephalic dogs. 
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a 

 

b 

 

 

Figure 13: Comparison of micromorphometric measurements (two sample t-test) for adult brachycephalic (n = 10) and 

mesocephalic (n = 21) dogs, displaying a) percent chondral cell/matrix area of the distal epiglottis and b) percent chondral 

cell/matrix area of the proximal epiglottis.   Data series components displayed as upper and lower quartiles relating to internal 

horizontal line corresponding to the median, with internal cross symbol corresponding to the mean, whisker lines extending parallel 

from the box indicating variability outside the upper and lower quartiles, and outliners plotted as individual dots in-line with the 

whiskers. 
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Subtle variations, whilst not compared statistically due to insufficient sample 

numbers, were also observed amongst the three head groups.  Except for in DC 

adults, percent epithelium decreased from distal to proximal sections and 

doliocephalic puppies had a greater percent epithelium area than doliocephalic 

adults.  Percent lamina propria-submucosa in the distal section was greater in 

doliocephalic puppies compared to doliocephalic adults.  Percent cartilage core was 

similar across all groups and percent chondral cells/matrix was highest from distal to 

proximal sections across all groups with the exception of DC puppies.  Percent 

fibrous decreased from distal to proximal sections except in brachycephalic dogs and 

puppies, while percent adipose tissue increased from distal to proximal sections in all 

groups with the exception of BC puppies. 

 

3.7. Histopathological features 

Table 6 presents the histopathological features of the distal, middle and proximal 

epiglottis from 41 dogs divided into their three groups (BC, MC and DC) partitioned 

by age.  Individual measurements of the grading and median numbers specific to 

breed, age, sex and weight are displayed in Appendix E. 
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Table 6: Distribution of histopathological grading and changes from distal, middle and proximal epiglottis.  Oedema, inflammation, 

cartilage metachromasia, and cartilage calcification/mineralisation evaluated in brachycephalic (n = 10 adults, n = 2 juvenile/ 

puppy), mesocephalic (n = 21 adults) and doliocephalic (n = 3 adults, n = 5 puppies) dogs. Data includes median values from five 

randomly selected fields (total area: 0.8 mm2) for total chondral cells and degenerate chondral cells, and percent degenerate 

chondral cells.  Data for age and body weight provided as median and observed range of values in parenthesis, head shape 

denoted by BC = brachycephalic, MC = mesocephalic, DC = doliocephalic, and histological section denoted as D = distal, M = 

middle, P = proximal. 

Head shape  Oedema 

grade* 

Inflammation 

grade 

Cartilage 

metachromasia 

grade 

Cartilage 

calcification/ 

mineralisation 

grade 

Total 

chondral 

cells median 

(total area: 

0.8 mm2) 

Degenerate 

chondral cells 

median 

(total area: 

0.8 mm2) 

Percent 

degenerate 

chondral cells 

relative to 

total cells 

BC adults D 1 (0-3) 0.5 (0-1) 2 (0-2) 0 (0-1) 50 (31-102) 2 (0-9) 3.00 

 M 2 (0-2) 1 (0-2) 2 (0-2) 0 (0-1) 59 (37-85) 2 (0-14) 2.56 

 P 1 (0-2) 1 (0-1) 1.5 (0-2) 0 (0-1) 47 (19-81) 1 (0-15) 2.15 

BC puppies D 1.5 (1-2) 0 (0) 0.5 (0-1) 0 (0) 55 (41-70) 2 (0-3) 2.70 

 M 1.5 (1-2) 0.5 (0-1) 0.5 (0-1) 0 (0) 46 (30-62) 0 (0) 0.00 

 P 1 (1) 0.5 (0-1) 0 (0) 0 (0) 31 (29-32) 0 (0) 0.00 

*It was not always possible to distinguish between oedema and separation artefact. 
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Table 6 – continued. 

Head shape  Oedema 

grade 

Inflammation 

grade 

Cartilage 

metachromasia 

grade 

Cartilage 

calcification/ 

mineralisation 

grade 

Total 

chondral 

cells median 

(total area: 

0.8 mm2) 

Degenerate 

chondral cells 

median 

(total area: 

0.8 mm2) 

Percent 

degenerate 

cells relative 

to total cells 

MC adults D 2 (0-3) 0 (0-1) 2 (0-2) 0 (0-1) 41 (17-72) 2 (1-9) 4.88 

 M 2 (0-3) 1 (0-2) 2 (1-2) 1 (0-1) 42 (23-65) 2 (0-8) 4.76 

 P 1  (0-3) 0 (0-2) 1 (0-2) 0 (0-1) 35 (8-52) 2 (0-6) 5.71 

DC adults D 2 (1-2) 0 (0) 1 (1-2) 1 (0-1) 49 (46-65) 2 (2-4) 4.08 

 M 2 (1-2) 0 (0-1) 2 (0-2) 1 (1) 48 (42-60) 2 (2-3) 4.17 

 P 1 (1) 0 (0-1) 2 (1-2) 0 (0-1) 48 (33-52) 6 (2-6) 12.5 

DC puppies D 1 (1-2) 0 (0) 0 (0) 0 (0) 81 (0-97) 0 (0) 0.00 

 M 2 (1-3) 1 (0-1) 0 (0) 0 (0) 77 (60-84) 0 (0-1) 0.00 

 P 2 (2-3) 0 (0-1) 0 (0) 0 (0) 44 (20-65) 0 (0) 0.00 

*It was not always possible to distinguish between oedema and separation artefact. 
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3.8. Qualitative evaluation of histopathological features 

In all head groups, inflammatory cells observed were varying amounts of 

predominantly lymphocytes and plasma cells within the lamina propria-submucosa, 

tending towards peri-glandular or peri-vascular distribution in higher grades.  Figure 

14 shows a representative example of inflammation observed in a mesocephalic 

dog.  Occasionally, associated with adult dogs in all head groups, chondral 

cell/matrix regions were mineralised or showed myxoid material deposition and more 

areas of fibrosis.  Figure 15 shows representative examples of fibrosis and myxoid 

material deposition in brachycephalic dog and mineralisation in a doliocephalic dog.  

Furthermore, the majority of chondral cells in the 41 samples were chondroblasts 

versus chondrocytes and in some sections, features of degeneration were noted.  

Chondroblasts more reliably displayed primarily cytoplasmic eosinophilia and 

vacuolation associated with degeneration, and less frequently nuclear changes. 

 

 

Figure 14: Photomicrographs of H&E sections of the epiglottis from a mesocephalic 

dog showing a) inflammation within the lamina propria-submucosa and inflammatory 

cells (black arrow) tending towards peri-glandular and peri-vascular distribution, and 

b) magnified view of lymphocytes (asterisk) and plasma cell (black arrowhead). 

Scale bar = 50 µm. 
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Figure 15: Photomicrographs of H&E sections from the middle third of epiglottal 

cartilage displaying a) fibrosis (white arrowhead) or myxoid material deposition 

(black arrowhead) in brachycephalic dog and b) mineralisation (white arrows) in a 

doliocephalic dog.  Scale bar = 200 µm (a) and 100 (b). 

 

3.9. Semi-quantitative evaluation of histopathological features 

For all dogs and puppies included in the study, grading and medians ranged as 

follows: oedema (grades 0-3), inflammation (grades 0-2), cartilage metachromasia 

(grades 0-2), calcification/mineralisation (grades 0-1), total chondral cells (0-102), 

degenerate chondral cells (0-15), and percent degenerate cells relative to total 

chondral cells (0-12.5%) and summarised in Table 6.  Figure 16 shows grade 0 

versus representative examples for grade 2 oedema, inflammation, and cartilage 

metachromasia, and grade 1 calcification/mineralisation.  Figure 17 shows viable 

chondral cells versus a representative example of degenerate chondral cells. 
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Figure 16: Photomicrographs of H&E and Toluidine Blue sections from a, c, e, g) 

normal epiglottal and laryngeal cartilage versus b) grade 2 inflammation, d) grade 2 

oedema, f) grade 2 metachromasia and h) grade 1 calcification/mineralisation.   
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Figure 16 – continued. 

Symbols denote inflammatory cells (black arrowhead), oedema (dashed black line), 

metachromasia (white dashed line) and mineralisation/calcification (white arrow).  

Scale bar = a, b) 50 µm and c, d, e, f, g, h) 100 µm. 

 

 

 

Figure 17: Photomicrographs of H&E sections from the epiglottal cartilage core 

displaying a) a peripheral chondral cells/matrix region, and b) inset showing chondral 

cells with central nuclei, pale staining eosinophilic cytoplasm (asterisk) within 

lacunae (dashed black line) and a degenerate chondral cell displaying cytoplasmic 

eosinophilia and vacuolation (black arrow). Scale bar = 100 µm.  

 
 
Figure 18 presents the statistically significant comparisons of histopathological 

features observed in adult brachycephalic (n = 10) and mesocephalic (n = 21) dogs, 

and relates to total chondral cells of the distal epiglottis and total chondral cells of the 

middle epiglottis.  With the exception of the total chondral cells component, there 

were no statistically significant differences in the semi-quantitative evaluation of 

histopathological features in the distal, middle and proximal sections when adult 

brachycephalic and mesocephalic dogs were compared.  In the distal section, total 

chondral cells was significantly greater in BC adults (median 50, P = 0.046, Figure 

18); as it was in the middle section for total chondral cell in BC adults (median 58, P 
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= 0.035, Figure 18).  Statistically significant differences were not observed for 

oedema, inflammation, cartilage metachromasia, and cartilage 

calcification/mineralisation grading in BC and MC adult dogs. 

 

Amongst all three head groups including puppies, whilst not compared statistically 

due to insufficient sample numbers, subtle variations were observed.  The 

inflammatory cell grade was greater in middle and proximal sections for both adults 

and puppies, with the higher grade seen in brachycephalic adults, but was lower in 

the distal sections of brachycephalic puppies, and both puppy and adult 

doliocephalic dogs.  Metachromasia was present in all sections of adults and the 

distal to middle section of brachycephalic puppies but absent in doliocephalic 

puppies.  Mineralisation was present in all sections of adults and absent in all 

puppies.  The median number of degenerative chondral cells was lower in puppies 

compared to adults in all groups except in the distal section of brachycephalic 

puppies.  Percent degenerate cells was greater over distal to proximal sections in all 

adult dogs, absent in puppies, and lower in adult brachycephalic dogs compared to 

other adult dogs 
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a

 

b 

 

 

Figure 18: Comparisons of histopathological observations (two sample t-test) for adult brachycephalic (n = 10) and mesocephalic (n 

= 21) dogs, displaying a) total chondral cells median of the distal epiglottis, and b) total chondral cells median of the middle 

epiglottis.   Data series components displayed as upper and lower quartiles relating to internal horizontal line corresponding to the 

median, with internal cross symbol corresponding to the mean, whisker lines extending parallel from the box indicating variability 

outside the upper and lower quartiles, and outliners plotted as individual dots in-line with the whiskers. 
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Chapter 4: Discussion 

 

The anatomical restrictions and crowding of structures in brachycephalic dogs are 

asserted to cause interlinked pathophysiology from increased negative airway 

pressure, turbulence, resistance and contact irritation.3,10,15  The anatomical features 

at multiple levels of the airway in brachycephalic dogs and their role in BOAS 

pathophysiology has been well characterised, however the epiglottis is a tissue that 

has had minimal evaluation.3,10  Forty-one dogs and puppies from 25 reported 

breeds of dogs and crossbreeds ranging from six weeks to 14.5 years were divided 

into brachycephalic, mesocephalic and doliocephalic head groups.  

Micromorphometric and histopathological data was collected from all 41 dogs while 

gross morphological measurement was limited to a subset of 23 dogs.  Based on the 

great variety of size and appearance of dog breeds, and in particular in the 

mesocephalic (preferred comparison group), gross morphological and microscopic 

characteristics reflected that variation. 

 

4.1 Morphological gross assessment 

Overall, brachycephalic dogs tended to have relatively larger epiglottal dimensions 

than mesocephalic and doliocephalic dogs, and brachycephalic and doliocephalic 

juveniles/puppies tended to have larger proportions than adults.  However, the 

limited sample size of the brachycephalic juvenile/puppy group necessitates any 

trends to be interpreted with caution.  Epiglottal length, width, height and volume 

relative to body weight was evaluated from the three head groups.  Epiglottal volume 

was used as a substitute for epiglottal weight to elucidate any subtle increases 

collectively of all three linear dimensions that may not be overt when examined 
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individually.  A formula for epiglottal volume was not available in the literature, so 

epiglottal volume was estimated to be a rectangular pyramid in this study based on 

the closest possible geometric shape which had a standard formula, given that 

determining the exact volume or weight was not possible for en bloc unfixed tissues. 

 

A previous morphological study on the adult canine larynx detailed 10 laryngeal 

measurements including epiglottal length and width, based on the evaluation of 13 

larynges from unspecified dog breeds ranging from 3.95 to 21.6 kg.152    Linear 

laryngeal parameters and weight were significantly associated with body weight and 

the highest variability was associated with epiglottal width.152  Epiglottal dimensions 

of adult dogs in this study followed the same trend in larger/heavier dogs, but as the 

previous study did not specify breed nor head shape, direct comparisons to head 

shape were not possible.  Interestingly, in this study, puppies tended to have larger 

epiglottal linear dimensions than adults.  This could correspond to the pattern of 

puppies having an increased percentile proportion of internal organs, such as lungs 

and liver, compared to adult dogs, however increased sample sizes would be 

beneficial to be certain.175 

 

In this study, brachycephalic dogs tended to have relatively larger epiglottal 

dimensions than mesocephalic and doliocephalic dogs.  As brachycephalic dogs 

have shortened craniofacial features without concomitant reduction of internal nasal, 

nasopharyngeal and oropharyngeal tissues, this can be reflected in reduced airway 

space or relative increase in soft tissue.3,10  Disproportionate reduction of soft tissue 

leading to airway obstruction can be seen with stenotic nares, nasal passage 

compression and rotation, and turbinate crowding and malformation.4,46,107    Airway 
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changes include nasopharyngeal volume reductions, laryngeal cricoid cartilage 

airway narrowing, and tracheal and bronchial diameter reductions. 43,55,127  

Disproportionate reduction of soft tissue is similarly reflected in an elongate and 

thickened soft palate, macroglossia of the tongue and tonsillar volume increase 

secondary to eversion.103,115,116 

 

Overarchingly, the gross morphological findings in this study lent support to the 

hypothesis that the epiglottal proportions in brachycephalic dogs were relatively 

increased in comparison to similar sized mesocephalic dogs due to the 

disproportionate reduction of internal soft tissue components.3 

 

4.2 Micromorphological measurements methodology 

In this study, micromorphometric evaluation was undertaken using microscope 

interphase camera-imaging software by manual individual six component area 

measurement followed by total tissue area calculations for epithelium, lamina 

propria-submucosa, cartilage core, chondral cells/matrix, fibrous and adipose 

tissue.169,170,171  To the author’s best knowledge, this study is the first to encompass 

tissue evaluation of six components from dog epiglottises using this manual 

approach.  The manual micromorphological measurements of the epiglottis provided 

quantitative data and allowed for objective and reproducible comparison of tissue 

components in the context of brachycephalic breeds and BOAS pathology. 

 

Micromorphometric evaluation of the epiglottis required manual area measurement 

for six component proportion determination for tissue types.  However, manual 

micromorphometric area measurement is being superseded by automatic image 
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analysis which has advanced rapidly in the development of digital image analysis 

and deep machine learning where tissue classifications are being increasingly used 

in pathological diagnosis.169, 176  Two component automatic analysis, that is region(s) 

of interest versus the other/normal region, is more commonly undertaken as 

demonstrated in cirrhosis subclassification where the proportionate area of collagen 

was able to demonstrate differences in liver biopsies from human patients.177  Three 

component automatic analysis in combination with immunohistochemistry, pattern 

analysis and human-verification has also been shown to be able to classify 

neoplastic, stroma and necrosis components in a mouse xenograft tumour, and 

move towards classifying benign proliferation, ductal or lobular carcinoma in breast 

pathology.176,178  Similarly, four component automatic analysis has been 

demonstrated to classify nuclei into epithelial, inflammatory, fibroblast and 

miscellaneous cells in colorectal adenocarcinoma slide images to allow for better 

understanding of the neoplastic microenvironment.179  Six component automatic 

analysis has not been demonstrated in the literature. 

 

In this study, the software’s automatic image analysis was limited to two 

components, so manual six component measurement of tissues was undertaken 

using the image software followed by total area calculations.  Proportions for 

epithelium, lamina propria-submucosa, cartilage core, chondral cells/matrix, fibrous 

and adipose tissue were generated for 41 dog epiglottal specimens, and this data 

now forms a human-verified dataset which can potentially be used in automatic 

image analysis and deep machine learning. 
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4.3 Qualitative micromorphometry 

Chondral cells/matrix, fibrous and adipose tissue within the epiglottal cartilage core 

reflected subtle structural and functional distribution of tissue components in all head 

groups.  Chondral cells and associated cartilaginous matrix were distributed in 

clusters primarily on the peripheries of the cartilaginous core, and they often 

coalesced on the ventral aspect or less frequently formed bridging structures through 

the centre.  These findings align with a cartilaginous structure requiring rigidity 

ventrally for functionality.145  Similarly, fibrous and adipose tissue were distributed 

more centrally in the cartilage core, and adipose tissue approximately doubled 

across distal to proximal areas, aligning with the elastic cartilage requiring increased 

flexibility at the base for swallowing and airway protection.153 

 

Chondral cells observed were predominantly chondroblasts, which may have been 

included under the umbrella term chondrocytes in the literature.153,154,180,181  Given 

the nature of elastic tissue and the ongoing requirement or flexibility, chondroblast-

rich tissues could suggest dynamic replacement and remodulation.153  Previously 

reported canine epiglottal histology has described the epiglottis to be composed of a 

main central elastic cartilage core with an overlying lamina propria-submucosa and 

non-keratinised, stratified squamous epithelium.153,155,156  The elastic cartilage core 

was reported to be a peripheral cartilaginous wall enclosing areas of chondrocytes 

located within lacunae in small aggregates (isogenous clusters), avascular 

extracellular matrix, adipose tissue and interweaving elastic fibres.153,155,156  Previous 

studies on the feline epiglottis confirmed similar findings and further characterised 

the development and tissue distribution within cartilage core highlighting myxoid 

tissue to also play a supporting role in cartilage structure.180,181  Feline epiglottal 
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studies also proposed that the proportion of adipose tissue could change according 

to the metabolic situation; as such, a similar process relating to functional 

requirement could also be occurring in the epiglottis of canines.180 

In this study, all head groups aligned largely with the reported canine descriptions 

and additionally demonstrated subtle structural and functional features such as non-

uniform distribution of the chondral cells/matrix, fibrous and adipose tissue similar to 

reported feline descriptions.153,155,156,180,181  

 

A previous study of the arytenoid cartilage in brachycephalic and non-brachycephalic 

dogs reported predominantly chondrocytes with increased extracellular matrix seen 

in hyaline cartilage, however distinction between chondrocytes and chondroblasts 

were not mentioned and increased extracellular matrix is consistent with hyaline 

cartilage that is rigid in comparison to elastic cartilage.131  Detailed histological 

studies on canine corniculate and cuneiform elastic laryngeal cartilage are not 

available for comparison in the literature. 

 

4.4 Quantitative micromorphometry 

Chondral cells/matrix area were significantly greater in the distal and proximal 

sections of the epiglottis in adult brachycephalic dogs compared to mesocephalic 

dogs.  A greater proportion of chondral cell/matrix area, versus softer tissue 

components such as adipose and fibrous tissue in brachycephalic dogs, suggest 

increased shape conservation and rigidity required for maintenance of the airway in 

a relatively reduced space with increased oropharyngeal soft tissue crowding and 

impedance.3  Adjacent tissues lacking cartilage and rigidity such as the soft palate, 

tongue or palatine tonsils demonstrate more overt shape changes from 
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disproportionate reductions in soft tissue that include respectively elongation or 

thickening, enlargement, and eversion or enlargement.103,115,116    

 

To date, no studies have examined the epiglottis in brachycephalic dogs with the 

same level as the current study.  However, cartilage evaluation in anatomically 

related regions of the upper and lower airway provide context.  Previous studies in 

brachycephalic dogs evaluating the arytenoid cartilage of the larynx did not include 

tissue component proportions but reported reduced chondrocyte numbers and matrix 

degeneration in brachycephalic dogs.131  Similarly, proportions of tissue components 

were not included in feline epiglottal studies however detailed location, in-depth 

cellular characterisation, and interaction of tissue components was undertaken.180,181  

In addition, changes in the tracheal cartilage of brachycephalic dogs with tracheal 

hypoplasia have been reported as reductions in chondrocytes, chondroitin, 

glycosaminoglycans, water content and fibrocartilage.23,24,99  Bronchial wall 

thickenening evaluated by computer tomography imaging has also been reported in 

brachycephalic dogs undergoing airway assessment, which could suggest cartilage 

tissue changes, however histological evaluation was not undertaken.54,55   

 

Amongst all head groups including puppies, subtle observations were noted in tissue 

proportions.  Percent cartilage core was similar across all groups suggesting a 

conservation of anatomical structure as a functional requirement.  Percent chondral 

cells/matrix was highest from distal to proximal sections across all groups with the 

exception of doliocephalic puppies.  This was consistent with the expectation for the 

physiological need for flexibility at the base of the epiglottis to allow for swallowing 

and breathing.145,153,154  Doliocephalic puppies were six weeks old; the youngest of 
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all dogs in this study, and chondral cells/matrix was less clearly discernible due to 

the overall increased cellularity and immaturity of the tissue.  This finding was similar 

to that reported in 8-week old kittens where the supporting tissue of the epiglottis 

was found to be mainly myxoid tissue with few interspersed islets of chondrocytes.181  

Percent fibrous tissue decreased from distal to proximal sections except in 

brachycephalic dogs and puppies, while percent adipose tissue increased from distal 

to proximal sections in all groups with the exception of brachycephalic puppies.  

Interestingly, this could translate to reduced flexibility in the proximal section in 

brachycephalic dogs suggesting increased shape conservation and rigidity required 

for maintenance of the airway, that is evident even in puppies.3 

 

Regarding the subtilty of variation in epithelium, lamina propria-submucosa, cartilage 

core, fibrous and adipose tissues, alternatively this could support the epiglottis as 

being a more conserved structure as a critical requirement for breathing, versus 

other oropharyngeal soft tissues such as the soft palate and nasal turbinates that 

have a more disproportionate reduction of soft tissue and contribute to BOAS more 

overtly.3,46,103,153,154  Hence, the increased similarity between the three head groups 

could suggest genetic selection pressure with positive selection for live puppies born 

and breeding lines. 

 

Broadly, micromorphometric findings in this study suggest that rigid components in 

the epiglottal cartilage such as chondral cells, cartilaginous matrix and to some 

extent fibrous tissue, have an increased proportion in brachycephalic dogs.  These 

findings supported the hypothesis that the epiglottis of brachycephalic dogs can have 

microscopic compositional changes that can be attributed to anatomical constraints 
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and compensatory tissue changes associated with their head shape and BOAS 

compared to mesocephalic dogs.  Findings of this study also highlight the epiglottal 

elastic cartilage to be generally a more conserved structure as a necessity for the 

viability of breeds, but still having an element of subtle dynamic tissue distribution in 

response to airway maintenance. 

 

4.5 Qualitative histopathological assessment 

Histopathological changes observed were associated with inflammatory cells and the 

elastic cartilage core in all head groups.  The predominant inflammatory cells 

observed in the lamina propria-submucosa were scattered lymphocytes and plasma 

cells in small numbers, tending towards a peri-glandular or peri-vascular distribution 

in higher grades.  As mucous membranes are continuously exposed to antigens, 

variable numbers of lymphocytes and plasma cells infiltrate through the lamina 

propria and can have peri-vascular and peri-glandular distribution as a normal 

finding.120,182  It is worth noting none of the dogs in this study had infiltrating 

neutrophils, nor diffuse aggregates of inflammatory cells or lymphoid follicles, all of 

which can be seen with an active inflammatory response in pharyngeal mucosa.182 

 

In the elastic cartilage core of all head groups, adult dogs displayed mineralisation 

replacing chondral cells/matrix or rarely, myxoid material deposition associated with 

fibrous and adipose tissue.  Premised on previous literature, mineralisation in 

cartilage can be a feature associated with degeneration of cartilage though is more 

commonly observed in articular hyaline cartilage.172,173  The rarely observed myxoid 

material on H&E sections was not confirmed by special stain, but could represent 

functional or an age-related degenerative change. 
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Feline studies have reported myxoid tissue to be an additional supporting tissue and 

variable component of the epiglottal elastic cartilage using a combination of special 

stains, immunohistochemistry and electron microscopy.180  In the feline epiglottis, 

myxoid cells were identified and were observed to have a close relationships with 

chondrocytes and myxoid material was demonstrated to coat all adipocytes and 

blend in at the boundaries of cartilage matrix.180,181  By analysing the distribution and 

relationships of myxoid cells and tissue in embryo, newborn, kitten and adult cat 

stages, it was presumed a few myxoid cells within the centres of myxoid area 

transform into chondroblasts that continue to divide and differentiate into cartilage 

tissue types, and myxoid tissue to serve as a precursor of elastic and fibrous 

cartilage.180,181  In this canine study, myxoid tissue when present could be playing a 

similar role, however special staining and further analysis would be required to 

understand it’s contribution more fully. 

 

As discussed previously, the chondral cells observed were predominantly 

chondroblasts, which may have been included under the umbrella term chondrocytes 

in the previous literature.153,154,180,181  However, features of chondroblast cell 

degeneration were similar to the reported chondrocytes observed in the arytenoid 

hyaline cartilage with chondroblasts more reliably displaying cytoplasmic eosinophilia 

and vacuolation, and less frequently nuclear changes.131,174  This suggests that 

characteristics of chondral cell degeneration is similar in both epiglottal elastic 

cartilage and arytenoid hyaline cartilage, however cartilage remodulation in epiglottal 

elastic cartilage could also function to increase airway protection.3,153 
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4.6 Semi-quantitative histopathological assessment 

Total chondral cell numbers were significantly greater in the distal and middle 

sections of the epiglottis in adult brachycephalic dogs compared to mesocephalic 

dogs.  This finding suggests that an increased cartilaginous architecture could 

provide additional stiffness and shape compensation to maximise airway 

maintenance with increased oropharyngeal soft tissue crowding and impedance.3  In 

contrast, previous studies of the arytenoid cartilage in brachycephalic dogs showed 

reduced chondrocyte numbers and reduced stiffness, supportive of distinct 

degenerative changes in this region of the larynx.131  Laryngeal collapse, which is a 

potential consequence of such structural weakening, has been reported in 50-90% of 

BOAS-affected dogs with cases as young as 4.5 months.3,34,48  Mechanical 

evaluation of epiglottal stiffness was not undertaken in this study. 

 

No statistically significant differences were observed for oedema, inflammation, 

cartilage metachromasia, calcification/mineralisation and degenerate chondral cells 

between adult brachycephalic and mesocephalic dogs.  However, amongst all head 

groups, variations were observed with a caveat relating to the oedema parameter.  

Tissues from dogs in this study, many of which displayed clinical signs of BOAS, 

were obtained as postmortem samples.  Frequently, the evaluation of oedema in the 

epiglottal epithelium and lamina propria-submucosa was impaired due to emergency 

treatments, variable postmortem intervals and processing artefact that artificially 

separated the overlying soft tissues from the cartilage core.  However, previous 

studies of surgical biopsies from the soft palate of brachycephalic dogs with BOAS 

reported intracellular oedema of the epithelium, oedema within the underlying 
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lamina-propria with amplified myxoid matrix, and regional increased salivary 

tissue.120,122   

 

In this study, although not a statistically significant finding, inflammatory cells 

(lymphocytes and plasma cells) within the lamina propria-submucosa were greater 

particularly in the middle and proximal sections of the epiglottis in all adults and 

puppies.  Higher grades were more commonly observed in brachycephalic adults, 

whereas lower grades were noted in the distal sections of brachycephalic puppies, 

and in both puppy and adult doliocephalic dogs.  Variable numbers of lymphocytes 

and plasma cells within the nasopharyngeal tissue have been reported in dogs 

without clinical respiratory disease.182  However, previous studies of the nasal 

turbinates in brachycephalic dogs have reported increased contact points grossly 

and oedema and lymphoid hyperplasia histologically.20,46,111  Increased contact 

points and subsequent irritation of oropharyngeal structures may result in greater 

inflammatory changes in brachycephalic dogs.20,46,11  In this study,  clinically 

significant and active inflammation was considered unlikely due to the absence of 

neutrophils, diffuse chronic inflammatory infiltrates, and lymphoid follicles in all dogs, 

however higher numbers of scattered inflammatory cells were still associated with 

brachycephalic adult dogs and could suggest an increased immunosurveillance 

requirement.182 

 

Metachromasia was present in all sections of the epiglottal elastic cartilage in adult 

dogs in all head groups, and in the distal to middle section of epiglottal cartilage of 

brachycephalic puppies, but was absent in epiglottal cartilage of doliocephalic 

puppies.  Metachromasia has been reported as a degenerative change in hyaline 
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cartilage and more commonly described in osteoarthritis in many species which is 

linked to wear and tear and age.131,144,172,173   By comparison, metachromasia in the 

elastic cartilage of brachycephalic puppies could suggest that degenerative changes 

occur earlier in brachycephalic dogs, providing support for the hypothesis that such 

changes could be attributable to BOAS.  Previous studies of the arytenoid cartilage 

in brachycephalic dogs also showed increased cartilage metachromasia in the 

hyaline cartilage with correlation to reduced stiffness in comparison to non-

brachycephalic dogs.131  Metachromasia in the epiglottal cartilage core in adults in 

this study was interpreted as a likely age-related change. 

 

Mineralisation of the epiglottal cartilage was present in all three adult head groups 

with representation in all three sections but absent in all sections of brachycephalic 

and doliocephalic puppies.  This change was also attributed to an age-related finding 

due to its presence in all adult head types.173  It was likely absent from 

brachycephalic puppies as it would represent a more advanced cartilage 

degenerative change when compared to cartilage metachromasia. 144,172,173    

 

The proportion of degenerative chondral cells was lower in puppies compared to 

adults in all groups except in the distal section of brachycephalic puppies.  The 

overall lower proportion of degenerative cells in puppies suggest reduced cartilage 

degeneration at a younger age.3,131  Interestingly, the presence of degenerate cells 

specifically in the distal portion of the epiglottal cartilage of brachycephalic puppies 

could indicate that cartilage degeneration begins earlier in this head shape, 

consistent with the earlier onset of laryngeal collapse reported in this group.3,24,48  

This distal epiglottic vulnerability could reflect early mechanical impedance from 
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oropharyngeal soft tissues, supporting the hypothesis that such degenerative 

changes are associated with BOAS.3  Notably, while percent degenerate cells was 

greater from distal to proximal sections in all adult dogs, and absent in doliocephalic 

puppies, it was lower in adult brachycephalic dogs compared to other adult dogs.  

This could suggest increased chondral cells maintenance for matrix production and 

stiffness in distal portions of the elastic cartilage with less requirement for puppies in 

general, but increased requirement in all sections for brachycephalic adults due to 

increased necessity for airway maintenance from soft tissue obstruction.3,131,153,154 

 

The histopathological findings of an increased proportion of total chondral cells in 

brachycephalic dogs suggests cartilage preservation, increased shape 

compensation, and increased rigidity to prioritise airway maintenance.  This finding 

refutes the hypothesis that the epiglottis of brachycephalic dogs will have increased 

degenerative changes such as reduced chondral cells and reduced stiffness 

associated with their head shape and BOAS compared to mesocephalic dogs.  Other 

histopathological findings, such as cartilage metachromasia and degenerative 

chondral cells were more supportive of degenerative change occurring in 

brachycephalic dogs, including puppies, that could be attributed to their head shape 

and BOAS, whilst all adult dogs displayed cartilage mineralisation which was 

attributed to age. 
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Chapter 5: Limitations, Future Directions and Conclusions 

 

The scarcity of information on both anatomical and histological features of the 

epiglottis in brachycephalic dogs in the literature resulted in this study into the 

detailed evaluation of epiglottal dimensions, microscopic components, and any 

associated histopathology relatable to the three head shapes of dogs. 

 

5.1. Limitations 

The main limitations of this study related to insufficient sample size, specifically of 

doliocephalic adult dogs, brachycephalic puppies and mesocephalic puppies; for 

robust statistical comparisons and grouping for statistical comparison was limited by 

diversity of breeds and age (including insufficient recording of age in the animal’s 

history).  Histological artefacts also impacted micromorphometric epithelial and 

lamina propria-submucosa area measurements and histopathological oedema and 

inflammation grading schemes. 

 

The recruitment of dogs into the three head groups was solely dependent on the 

university necropsy scheme resulting in retrospective enrolment and suboptimal 

sample sizes.  Delayed commencement of gross morphometric data collection 

resulted in epiglottal measurements collection of 23 samples from each head group.  

Retrospective sample availability (paraffin embedded blocks) allowed for inclusion of 

additional samples into the micromorphometric and histopathological changes data 

which resulted in increased numbers to 41 samples.  This allowed for an improved 

statistical comparison ratio of greater 1:2; brachycephalic: non-brachycephalic dogs.  

Sample sizes of doliocephalic adult dogs and juvenile/puppies in all groups were n < 
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5, necessitating their exclusion from the statistical analysis.  Statistically significant 

differences were demonstrated for chondral cells/matrix area and chondral cells 

numbers when adult brachycephalic dogs were compared to adult mesocephalic 

dogs.  However, with respect to the other parameters and subtle observations 

between all head groups, the limited sample size necessitates any trends to be 

interpreted with caution. 

 

The three head groups consisted of 25 reported breeds of dogs and crossbreeds 

with ages ranging from six weeks to 14.5 years.  Based on the great variety of size 

and appearance of dog breeds, and in particular in the mesocephalic (preferred 

comparison group), gross morphological and microscopic characteristics likely reflect 

that variation, with the potential to reduce statistical significance of the analysis.  

Head groups were broadly subdivided into adults and juvenile/puppies, but given the 

large age variation, division into life stages (e.g. puppy, juvenile, subadult, adult, 

middle aged, aged, geriatric) would have been morphologically and microscopically 

more appropriate, however the reduced samples sizes prevented robust statistical 

analysis for the adult brachycephalic group. 

 

Limitations and artefacts associated with the interpretation of the H&E and toluidine 

blue sections were observed during slide evaluation.  Sectional and processing 

artefacts occurred in the majority of tissues (23/41 slides).  This primarily affected the 

epithelium and lamina propria-submucosa which displayed uplifting, increased 

separation, partial and complete loss of one or both soft tissue components.  As 

such, epithelial hyperplasia was not included in the analysis and epithelial 

comparisons were considered less reliable.  Relating to oedema grading, it was not 
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always possible to distinguish between true oedema and sectional artefact; as such 

oedema grading was also interpreted with caution.  Overall, postmortem autolysis, 

freeze-thaw changes and ante-mortem emergency treatments caused more 

epithelium sloughing and artificial separation mimicking interstitial oedema within the 

lamina propria-submucosa, however, did not impact intracellular oedema. 

 

Manual evaluation for epiglottal epithelium, lamina propria-submucosa, cartilage 

core, chondral cells/matrix, fibrous and adipose tissue proportions was undertaken 

using microscope interphase camera-imaging software.  This utility of this method 

allowed objective and reproducible data evaluation of the tissue components on a 

level of detail not previously seen in epiglottal tissue.  However, manual area 

measurement and total area calculations were highly time intensive and while 

feasible for this study with a limited sample size, could be prohibitive in a study with 

greater sample size. 

 

5.2. Future directions 

A larger study confined to the same brachycephalic breed with a consistent age life 

stage and medium sized animal (e.g. French bulldog) with comparison to a 

mesocephalic breed of dog of similar age, life stage and size (e.g. beagle) would 

allow for improved comparison of gross morphometric, microscopic and 

histopathological changes associated with BOAS.  Ideally, this should be extended 

to age-matched controls of all life stages with clinical evaluation, which would 

facilitate the determination of when and how the impact of BOAS occurs as 

brachycephalic dogs progress through life. 
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In this study, micromorphometric evaluation was undertaken using microscope 

interphase camera-imaging software followed by tissue area calculations for six 

tissues.169, 170,171  To the author’s best knowledge, this study represents the first 

study to encompass evaluation of six tissue components of dog epiglottises using a 

manual approach.  This data now forms the human-verified dataset component that 

can be used for algorithm development, programming, automatic image analysis, 

and a deep machine learning study. 

 

In previous studies of the feline epiglottis, using a combination of special stains, 

immunohistochemistry and electron microscopy, myxoid cells and matrix were 

identified to have a close relationship with chondral cells in support and development 

roles, and myxoid tissue was proposed to be a precursor of elastic and fibrous 

cartilage.180,181  In this study, myxoid material was rarely observed in H&E canine 

epiglottal sections, and special staining for confirmation was not undertaken.  Similar 

to the feline epiglottis, myxoid material could be more widespread with myxoid cells 

playing a similar role in the canine epiglottis.  Alcian blue special staining and 

composition analysis of myxoid material, alongside with S-100 protein, glial fibrillary 

acidic protein, neuron specific enolase and neurofilament protein 200 

immunohistochemistry for myxoid cells could constitute further study into the role, if 

any, of myxoid cells and myxoid material distribution in the canine epiglottis.180,181 

 

Chondroblasts as opposed to chondrocytes, formed the majority of observed 

chondral cells in this study, and may have been included under the umbrella term 

chondrocytes in the original literature describing the elastic cartilage of the 

epiglottis.153,154  However, chondroblasts and chondrocytes have differing cartilage 
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matrix production and maintenance, reflecting a constantly replacing and 

remodulating nature of elastic cartilage of the epiglottis versus the more commonly 

studied hyaline cartilage of the larynx and articular joints.131,154  The role of 

chondroblasts versus chondrocytes and cartilage matrix production may provide 

further insight about the epiglottal elastic cartilage in dogs 

 

Additional methods to evaluate degeneration in the elastic cartilage core of the 

epiglottis could include evaluation and change in fibrous tissue composition and 

elastic fibres.  Polarisation, immunohistochemistry and elastic fibre staining 

techniques have been previously employed for characterisation of collagen 

subtypes.183,184,186  As collagen subtype III and IV are involved more in repair and 

remodulation, including evaluation of collagen I-IV subtypes and distribution is a 

consideration for future studies.185  Additionally, elastic fibres are a distinct feature of 

elastic cartilage, and evaluation of their distribution or change in the epiglottal 

cartilage core could be pursued using elastic fibre special stains.153  The use of 

these methodologies was beyond the scope of the current study. 

 

Lastly, the focus of the study was the epiglottis, but gross morphometric data and 

specimens of the palatine tonsils were collected in this study given their close 

proximity to the epiglottis.  The existing palatine tonsils literature is limited, and future 

studies on this sample collection could provide additional gross morphometric, 

micromorphometric, inflammatory, degenerative and potentially lymphocyte 

immunohistochemistry information.98, 116, 117  Collection of all respiratory system 

tissues was undertaken in this study as part of the necropsy scheme, and these 

included nares, soft palate, larynx, trachea and lungs.   Comparison of 
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micromorphometric, inflammatory, reactive and degenerative changes on all levels of 

the respiratory system with correlation to BOAS may provide additional information 

into the development of the syndrome in individual dogs. 

 

5.3. Conclusions 

This study used multiple methodologies including gross morphological 

measurements, micromorphometric tissue proportion evaluation, camera interphase 

imaging software, and histopathological evaluation to evaluate for changes in the 

epiglottis of brachycephalic dogs and puppies in comparison to mesocephalic and 

doliocephalic dogs and puppies.  Tissue components in the epiglottis were shown to 

have subtle proportion, reactive and degenerative changes in brachycephalic dogs 

and puppies that could be relatable to anatomical constraints, physiological 

requirements, and compensatory tissue changes associated with their head shape 

and BOAS.  This study showed changes in the epiglottis were also more nuanced, 

variably constrained, age-related, and in particular within the elastic cartilage core. 

 

Gross morphological findings in this study, while not statistical analysed due to 

insufficient sample numbers, showed brachycephalic dogs tended to have relatively 

larger epiglottal dimensions than mesocephalic and doliocephalic dogs.  This lent 

support to the hypothesis that the epiglottal proportions in brachycephalic dogs were 

relatively increased in comparison to similar sized mesocephalic dogs due to the 

disproportionate reduction of internal soft tissue components due to brachycephalia. 

 

Micromorphometric evaluation showed chondral cells/matrix area were statistically 

significantly greater in the distal and proximal sections of the epiglottis in adult 
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brachycephalic dogs compared to mesocephalic dogs. This finding supported the 

hypothesis that epiglottis of brachycephalic dogs can have microscopic 

compositional changes that lend themselves to increased shape conservation and 

rigidity to prioritised airway maintenance associated with their head shape and 

BOAS compared to mesocephalic dogs.  Other qualitative micromorphometric such 

as chondral cells and cartilaginous matrix distribution alongside overall similarities of 

cartilage core, fibrous and adipose tissues may possibly indicate the epiglottis as a 

more conserved, critical structure related to viability of breeds. 

 

Histopathological evaluation showed total chondral cell numbers were statistically 

greater in the distal and middle sections of the epiglottis in adult brachycephalic dogs 

compared to mesocephalic dogs.  Such a finding could further support increased 

shape compensation and increased stiffness to prioritise airway maintenance but 

opposed aspects of the hypothesis that the epiglottis of brachycephalic dogs would 

have increased degenerative changes associated with their head shape and BOAS 

compared to mesocephalic dogs.  Other histopathological findings such as cartilage 

metachromasia and degenerative chondral cells were more supportive of 

degenerative change occurring in brachycephalic dogs and in puppies compared to 

doliocephalic dogs, whilst all adult dogs displayed cartilage mineralisation which was 

attributed to age. 

 

Future studies to further understand the role of the epiglottis in BOAS could utilise 

age-matched controls of life stages, automatic image analysis, myxoid tissue 

evaluation, chondral cell roles, fibrous tissue composition, elastic fibre evaluation, 

palatine tonsil evaluation, and multi-level comparison of the respiratory tract.  
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Appendix A 

Table A1: Breed, head group, cadaver condition, collected tissues, samples collected (no number = sample not taken, n = sample taken and n sections taken for slide preparation), numbers and 

relevant concurrent pathology or conditions from brachycephalic (n = 10 adults, n = 2 juvenile/puppy), mesocephalic (n = 21 adults) and doliocephalic (n = 3 adults, n = 5 puppies) dogs.  Head 

shape denoted by BC = brachycephalic group, MC =  mesocephalic group, DC = doliocephalic, and postmortem condition denoted by F = fresh, FR = frozen, A = moderate or severe autolysis. 

 Breed Cadaver 

condition 

Nares Epiglottis Soft palate Palatine 

tonsils 

Larynx Proximal 

trachea 

Mid- 

trachea 

Distal 

trachea 

Lungs Relevant concurrent 

pathology or conditions 

BC French bulldog F  2 1 1 1  2  2  

 English bulldog F  2 3 1 1 1  1 5 Bronchopneumonia 

Soft palate surgery 

 Shih tzu A 1 1 2 2 1 2   2  

 French bulldog A, FR 1 1 1 1 1 1   3 Bronchopneumonia post 

bone-obstruction 

 Pug F 1 3 3 4 2 3   3 Aspiration pneumonia and 

swollen airways 

 Cavalier King Charles 

spaniel 

F  3 2 3 (left only) 1 3   4 Everted laryngeal 

saccules 

 Staffordshire bull terrier A 1 3 3 4 1 3   2  

 Pug FR 1 3 2 4 1 3  3 3  

 Pug F 1 3 2 4 1 3  3 3  

 American bulldog A  3  3 (left only) 1 3     

 Pug F 1 4 2 4 1 3  3 3 Pneumothorax 

 French bulldog F 1 3 3 6 1 3  3 3 Lymphoma with 

consolidated lungs 
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Table A1 – continued. 

 Breed Cadaver 

condition 

Nares Epiglottis Soft palate Palatine 

tonsils 

Larynx Proximal 

trachea 

Mid- 

trachea 

Distal 

trachea 

Lungs Relevant concurrent 

pathology or conditions 

MC Beagle F  3 1 1     2 Metastatic lung neoplasia 

 Springer spaniel A 1 1 1 2 1 2   3  

 Kelpie crossbreed F 1 3 2 2 3 3  3 2  

 Golden retriever F 1 3 3 6 2 3  3 2 Ventilated 

 Mixed breed F 1 3 3 3 (left only) 1 3   3 Aspiration pneumonia 

 Spoodle A 1 3 3 6 1 3  3 2  

 Border collie F  3 3 5 1 3  3 2  

 German shepherd F  3 2 6 1 3 3  4  

 Miniature fox terrier F  3 1  1 3   4  

 Bichon frise A 1 3 2 4 1 3  3 3  

 German shepherd F 1 2 2 6 1 3  3 3 Haemoabdomen 

 Jack Russell terrier FR 1 3 2 5 1 3  3 3  

 German shepherd F 1 3 2 6 1 3  3 3  

 Labrador retriever 

crossbreed 

FR 1 3 2 6 1 3  3 3  

 Dachshund crossbreed F  3 3 5 1 3   4  

 Labrador retriever A 1 3 2 6 1 1  1 3  

 Mixed breed FR 1 3 2 6 1 3  3 3 Slack tracheal membrane 
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Table A1 – continued. 

 Breed Cadaver 

condition 

Nares Epiglottis Soft palate Palatine 

tonsils 

Larynx Proximal 

trachea 

Mid- 

trachea 

Distal 

trachea 

Lungs Relevant concurrent 

pathology or conditions 

MC French bulldog crossbreed F 1 3 2 6 1 3  3 3  

 Maltese crossbreed FR 1 5 2 6 1 3  3 4  

 Jack Russell terrier FR 1 6 2 5 1 3  3 4  

 Fox terrier FR 1 4 2 6 1 3  3 4  

DC Greyhound F  3 3 4 1 3   3  

 Greyhound FR 1 2 2 4 1 3  3 4 Softer limb bones 

 Greyhound FR 1 2 2 4 1 3  3 4 Softer limb bones 

 Greyhound FR 1 2 2 4 1 3  3 4 Softer limb bones and 

sloped back 

 Greyhound FR 1 2 2 4 1 3  3 4 Softer limb bones 

 Greyhound FR 1 2 2 4 1 3  3 4 Softer limb bones 

 Greyhound FR 1 3 2 6 1 3  3 3  

 Greyhound FR 1 3 2 6 1 3  3 3  
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Appendix B 

Table B1: Signalment, head group, morphometric measurements of skull and epiglottis, calculated skull width:length ratio, and calculated epiglottal volume of brachycephalic (BC, n = 10 adults, n = 

2 juvenile/puppy), mesocephalic (MC, n = 21 adults) and doliocephalic (DC, n = 3 adults, n = 5 puppies) dogs.  Ratio of the skull shape calculated as width:length ratio and volume of epiglottis 

estimated to be a rectangular pyramid, where volume equals 1/3 x length x width x height (mm3).  Sex denoted by M = male, MN = male neuter, F = female, FN = female neuter, IS = intersex. 

 Breed Age (yr) Weight 

(kg) 

Sex Craniofacial 

angle (°) 

Skull Epiglottis 

      Width (mm) Length (mm) Ratio Length (mm) Width (mm) Height (mm) Volume (mm3) 

BC French bulldog 1.92 12.7 MN 13.0        

 English bulldog 2.58 21.2 M 14.0        

 Shih tzu 8.33 7.60 FN 13.0        

 French bulldog 0.42 9.10 M 13.0        

 Pug 10.5 6.40 FN 11.0        

 Cavalier King 

Charles spaniel 

7.58 15.1 MN         

 Staffordshire bull 

terrier 

12.0 22.9 MN 18.0        

 Pug Adult 7.70 MN  100 120 0.83 20.0 20.0 1.00 133 

 Pug Adult 10.5 FN  100 125 0.80 23.0 23.0 1.50 265 

 American bulldog 1.75 24.0 M         

 Pug 0.31 4.20 IS  85.0 100 0.85 15.0 14.0 1.00 70.0 

 French bulldog Adult 12.2 F  120 135 0.89 22.0 24.0 1.50 264 

MC Beagle 10.6 14.3 MN 21.0        
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Table B1 – continued. 

 Breed Age (yr) Weight 

(kg) 

Sex Craniofacial 

angle (°) 

Skull Epiglottis 

      Width (mm) Length (mm) Ratio Length (mm) Width (mm) Height (mm) Volume (mm3) 

MC Springer spaniel 7.75 26.8 MN 20.0        

 Kelpie crossbreed 14.0 10.6 MN 20.0        

 Golden retriever 1.33 28.9 MN 20.0        

 Mixed breed 14.0 10.3 MN 21.0        

 Spoodle 11.8 19.3 MN 20.0        

 Border collie 13.5 24.1 MN 21.0    29.0 30.0 1.50 435 

 German shepherd 10.7 33.8 MN         

 Miniature fox 

terrier 

10.8 4.80 FN         

 Bichon frise 13.0 7.30 FN 22.0    17.0 20.0 2.00 227 

 German shepherd 8.00 30.3 FN  150 240 0.63 35.0 35.0 1.00 408 

 Jack Russell 

terrier 

Adult 7.00 FN  85.0 140 0.61 20.0 19.0 1.00 127 

 German shepherd 14.5 31.8 MN  140 230 0.61 35.0 30.0 1.50 535 

 Labrador retriever 

crossbreed 

Adult 53.0 MN  160 270 0.59 37.0 30.0 1.00 370 

 Dachshund 

crossbreed 

10.0 12.2 FN         
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Table B1 – continued. 

 Breed Age (yr) Weight 

(kg) 

Sex Craniofacial 

angle (°) 

Skull Epiglottis 

      Width (mm) Length (mm) Ratio Length (mm) Width (mm) Height (mm) Volume (mm3) 

MC Labrador retriever 10.0 36.2 MN     39.0 30.0 2.00 780 

 Mixed breed Adult 3.20 F  90.0 115 0.78 15.0 15.0 1.50 113 

 French bulldog 

crossbreed 

9.25 15.6 MN  115 155 0.74 21.0 21.0 2.00 294 

 Maltese 

crossbreed 

Adult 8.50 MN  100 140 0.71 19.0 19.0 1.00 120 

 Jack Russell 

terrier 

Adult 10.3 MN  100 160 0.63 20.0 20.0 1.50 200 

 Fox terrier Adult 7.80 MN  75.0 160 0.47 19.0 17.0 1.00 108 

DC Greyhound 7.66 22.8 FN 26.0        

 Greyhound 0.12 3.20 M 25.0    15.0 15.0 0.50 37.5 

 Greyhound 0.12 1.20 M 26.0    16.0 14.0 0.50 37.3 

 Greyhound 0.12 2.50 M 25.0    15.0 14.0 0.50 35.0 

 Greyhound 0.12 1.80 F 26.0    15.0 13.0 0.50 32.5 

 Greyhound 0.12 2.70 M 26.0    15.0 15.0 0.50 37.5 

 Greyhound Adult 22.0 F  100 220 0.45 30.0 30.0 1.00 300 

 Greyhound Adult 27.5 F  110 240 0.46 35.0 33.0 1.50 578 
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Appendix C 

Table C1: Signalment, head group, morphometric measurements and palatine volume calculations of brachycephalic (n = 10 

adults, n = 2 juvenile/puppy), mesocephalic (n = 21 adults) and doliocephalic (n = 3 adults, n = 5 puppies).  Head shape 

denoted by BC = brachycephalic group, MC =  mesocephalic group, DC = doliocephalic group. Sex denoted by M = male, MN = 

male neuter, F = female, FN = female neuter, IS = intersex.  Tonsillar volume estimated to be an ellipsoid where volume equals 

4/3 x π x (length/2) x (width/2) x (height/2) (mm3). 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Palatine tonsils 

     Length (mm) Width (mm) Height 

(mm) 

Volume 

(mm3) 

Volume 

(mm3) 

     R L R L R L R L 

BC French bulldog 1.92 12.7 MN         

 English bulldog 2.58 21.2 M         

 Shih tzu 8.33 7.60 FN         

 French bulldog 0.42 9.10 M         

 Pug 10.5 6.40 FN         

 Cavalier King 

Charles spaniel 

7.58 15.1 MN         

 Staffordshire 

bull terrier 

12.0 22.9 MN         

 Pug Adult 7.70 MN 15.0 16.0 4.00 6.00 6.00 6.00 189 302 

 Pug Adult 10.5 FN 18.0 17.0 4.00 3.00 3.00 3.00 113 80.1 

 American 

bulldog 

1.75 24.0 M         

 Pug 0.31 4.20 IS 14.0 13.0 5.00 3.00 4.00 4.00 147 81.7 

 French bulldog Adult 12.2 F 16.0 19.0 7.00 4.00 6.00 3.00 352 119 

MC Beagle 10.6 14.3 MN         

 Springer spaniel 7.75 26.8 MN         

 Kelpie 

crossbreed 

14.0 10.6 MN         

 Golden retriever 1.33 28.9 MN         

 Mixed breed 14.0 10.3 MN         

 Spoodle 11.8 19.3 MN         

 Border collie 13.5 24.1 MN 21.0 20.0 6.00 7.00 4.00 6.00 264 440 
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Table C1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Palatine tonsils 

     Length (mm) Width (mm) Height (mm) Volume 

(mm3) 

Volume 

(mm3) 

     R L R L R L R L 

MC German 

shepherd 

10.7 33.8 MN         

 Miniature fox 

terrier 

10.8 4.80 FN         

 Bichon frise 13.0 7.30 FN 15.0 15.0 3.00 3.00 3.00 3.00 70.7 70.7 

 German 

shepherd 

8.00 30.3 FN 30.0 29.0 10.0 10.0 9.00 10.0 1414 1518 

 Jack Russell 

terrier 

Adult 7.00 FN 15.0 14.0 10.0 10.0 1.00 1.00 78.5 73.3 

 German 

shepherd 

14.5 31.8 MN 25.0 27.0 7.00 7.00 7.00 9.00 641 891 

 Labrador 

retriever 

crossbreed 

Adult 53.0 MN 25.0 26.0 4.00 4.00 6.00 5.00 314 272 

 Dachshund 

crossbreed 

10.0 12.2 FN         

 Labrador 

retriever 

10.0 36.2 MN 24.0 25.0 4.00 7.00 6.00 7.00 302 641 

 Mixed breed Adult 3.20 F 15.0 14.0 5.00 5.00 5.00 4.00 196 147 

 French bulldog 

crossbreed 

9.25 15.6 MN 20.0 20.0 9.00 6.00 10.0 4.00 943 251 

 Maltese 

crossbreed 

Adult 8.50 MN 15.0 16.0 3.00 5.00 3.00 3.00 70.7 126 

 Jack Russell 

terrier 

Adult 10.3 MN 18.0 19.0 3.00 3.00 2.00 1.00 56.6 29.9 

 Fox terrier Adult 7.80 MN 15.0 16.0 3.00 3.00 2.00 2.00 47.1 50.3 

DC Greyhound 7.66 22.8 FN         

 Greyhound 0.12 3.20 M 15.0 16.0 6.00 7.00 4.00 5.00 189 293 

 Greyhound 0.12 1.20 M 13.0  14.0   6.00 5.00 5.00 4.00 204 293 

 Greyhound 0.12 2.50 M 12.0 13.0 4.00 5.00 3.00 3.00 75.4 102 
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Table C1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Palatine tonsils 

     Length (mm) Width 

(mm) 

Height (mm) Volume 

(mm3) 

Volume 

(mm3) 

     R L R L R L R L 

DC Greyhound 0.12 1.80 F 14.0 12.0 4.00 6.00 5.00 5.00 147 189 

 Greyhound 0.12 2.70 M 15.0 16.0 6.00 6.00 5.00 4.00 236 201 

 Greyhound Adult 22.0 F 19.0 18.0 4.00 5.00 6.00 7.00 239 330 

 Greyhound Adult 27.5 F 25.0 25.0 6.00 7.00 10.0 9.00 785 825 
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Appendix D 

Table D1: Signalment, head group, micromorphometric measurements of percentage areas from distal, middle and proximal section of the epiglottis.  Data includes the percentage epithelium, 

lamina propria-submucosa, cartilage core relative to total epiglottis area, as well as chondral cells (chondrocytes/chondroblasts) plus matrix, fibrous tissue and adipose tissue relative to cartilage 

core area from brachycephalic (n = 10 adults, n = 2 juvenile/puppy), mesocephalic (n = 21 adults) and doliocephalic (n = 3 adults, n = 5 puppies) dogs.  Head shape denoted by BC = brachycephalic 

group, MC =  mesocephalic group, DC = doliocephalic.  Sex denoted by M = male, MN = male neuter, F = female, FN = female neuter, IS = intersex 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Epithelium 

(%) 

Lamina propria-submucosa 

(%) 

Cartilage core 

(%) 

Chondral cells/matrix 

(%) 

Fibrous tissue 

(%) 

Adipose tissue 

(%) 

BC French bulldog 1.92 12.7 MN Distal 6.74 29.5 63.7  19.8  39.4 40.8 

     Middle 2.99 17.8 79.2 17.6 49.6 32.8 

     Proximal 6.49 40.9 52.7 18.0 57.7 24.4 

 English bulldog 2.58 21.2 M Distal 3.53 23.8 72.7 31.2 35.3 33.5 

     Middle 2.59 44.0 53.4 12.0 34.9 53.2 

     Proximal 3.23 46.3 50.5 24.7 34.4 40.9 

 Shih tzu 8.33 7.60 FN Distal 8.24 27.8 64.0 12.8 44.3 42.9 

     Middle 4.60 42.5 48.1 4.50 13.1 82.3 

     Proximal 2.98 24.0 61.7 2.60 15.4 82.0 

 French bulldog 0.42 9.10 M Distal 3.47 42.0 54.5 24.3 40.3 35.5 

     Middle 1.52 33.3 60.5 7.10 35.7 57.2 

     Proximal 1.06 27.8 47.6 0.93 65.6 33.4 

 Pug 10.5 6.40 FN Distal 6.32 45.4 48.3 17.1 41.1 41.8 

     Middle 4.59 49.3 45.3 6.22 26.1 67.6 
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Table D1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Epithelium 

(%) 

Lamina propria-submucosa 

(%) 

Cartilage core 

(%) 

Chondral cells/matrix 

(%) 

Fibrous tissue 

(%) 

Adipose tissue 

(%) 

BC     Proximal 3.17 48.6 37.9 1.91 24.7 73.4 

 Cavalier King 

Charles spaniel 

7.58 15.1 MN Distal 9.70 46.1 44.2 29.8 51.6 18.7 

     Middle 4.18 43.8 52.0 14.4 46.0 39.6 

     Proximal 3.61 33.9 62.5 2.96 14.5 82.5 

 Staffordshire 

bull terrier 

12.0 22.9 MN Distal 6.54 34.9 58.6 16.7 73.9 9.40 

     Middle 3.67 43.4 44.6 16.1 56.0 28.0 

     Proximal 1.92 33.8 41.8 30.7 22.5 46.8 

 Pug Adult 7.70 MN Distal 3.67 51.3 45.0 4.02 43.1 52.9 

     Middle 1.96 44.6 44.4 1.33 15.1 83.6 

     Proximal 1.63 27.7 50.2 0.88 12.9 86.2 

 Pug Adult 10.5 FN Distal 5.77 25.8 68.5 25.0 49.1 25.9 

     Middle 10.6 52.1 37.4 23.0 0.91 76.1 

     Proximal 3.48 48.2 44.9 8.65 19.7 71.7 

 American 

bulldog 

1.75 24.0 M Distal 3.57 50.3 46.1 25.6 51.7 22.7 

     Middle 1.87 46.7 51.4 21.4 41.6 37.0 
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Table D1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Epithelium 

(%) 

Lamina propria-submucosa 

(%) 

Cartilage core 

(%) 

Chondral cells/matrix 

(%) 

Fibrous tissue 

(%) 

Adipose tissue 

(%) 

BC     Proximal 3.15 48.7 48.2 19.6 37.8 42.6 

 Pug 0.31 4.20 IS Distal 11.5 44.6 43.9 3.01 48.8 48.2 

     Middle 10.7 32.6 43.7 2.84 25.1 72.0 

     Proximal 2.57 21.6 35.9 0.60 34.4 65.0 

 French bulldog Adult 12.2 F Distal 5.39 34.2 60.4 25.8 52.4 21.8 

     Middle 3.02 26.7 70.3 24.2 45.4 30.4 

     Proximal 2.87 39.7 57.4 17.0 44.1 38.9 

MC Beagle 10.6 14.3 MN Distal 3.85 32.5 63.7 17.0 42.6 40.4 

     Middle 2.52 40.0 55.1 4.03 38.7 57.2 

     Proximal 3.87 22.0 63.9 3.12 17.2 79.6 

 Springer spaniel 7.75 26.8 MN Distal 7.22 51.4 41.4 14.5 62.4 23.2 

     Middle 1.45 31.8 53.4 11.2 44.7 44.1 

     Proximal 17.6 1.09 45.9 1.89 34.4 63.7 

 Kelpie 

crossbreed 

14.0 10.6 MN Distal 5.28 35.4 59.3 8.78 37.4 53.8 

     Middle 2.18 36.1 46.6 4.86 20.9 74.3 

     Proximal 1.23 8.35 71.6 0.33 13.2 86.5 

 Golden retriever 1.33 28.9 MN Distal 3.87 53.7 42.4 15.0 54.5 30.6 
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Table D1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Epithelium 

(%) 

Lamina propria-submucosa 

(%) 

Cartilage core 

(%) 

Chondral cells/matrix 

(%) 

Fibrous tissue 

(%) 

Adipose tissue 

(%) 

MC     Middle 1.76 32.8 55.5 13.7 41.7 44.6 

     Proximal 1.88 38.1 37.2 4.93 20.6 74.5 

 Mixed breed 14.0 10.3 MN Distal 6.59 38.3 55.1 13.5 39.4 47.0 

     Middle 4.63 38.1 57.3 1.89 19.1 79.0 

     Proximal 2.09 35.0 62.9 1.43 21.4 77.2 

 Spoodle 11.8 19.3 MN Distal 6.36 29.4 64.2 7.85 38.6 53.6 

     Middle 5.45 32.7 61.9 10.9 19.3 69.9 

     Proximal 2.14 27.4 52.7 5.19 13.4 81.4 

 Border collie 13.5 24.1 MN Distal 6.22 37.4 56.4 20.6 49.8 29.6 

     Middle 2.71 57.7 39.8 16.0 50.2 33.8 

     Proximal 1.93 40.4 28.8 12.9 27.5 59.6 

 German 

shepherd 

10.7 33.8 MN Distal 5.56 36.8 57.7 9.01 52.0 39.0 

     Middle 2.70 22.9 74.3 11.8 41.7 46.5 

     Proximal 2.43 57.8 23.9 3.92 39.0 57.1 

 Miniature fox 

terrier 

10.8 4.80 FN Distal 10.3 42.8 47.0 18.7 62.1 19.2 

     Middle 9.63 46.2 44.1 6.37 29.8 63.8 

 



110 
 

Table D1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Epithelium 

(%) 

Lamina propria-submucosa 

(%) 

Cartilage core 

(%) 

Chondral cells/matrix 

(%) 

Fibrous tissue 

(%) 

Adipose tissue 

(%) 

MC     Proximal 2.72 43.3 38.7 1.44 17.9 80.7 

 Bichon frise 13.0 7.30 FN Distal 3.25 22.1 74.7 12.7 45.2 42.1 

     Middle 1.69 35.3 61.9 7.32 24.3 68.4 

     Proximal 3.04 34.1 62.5 2.67 18.1 79.3 

 German 

shepherd 

8.00 30.3 FN Distal 3.73 23.6 72.7 5.21 32.9 61.9 

     Middle 2.52 22.0 75.5 13.2 19.3 67.5 

     Proximal 0.55 28.4 45.8 3.21 37.7 59.1 

 Jack Russell 

terrier 

Adult 7.00 FN Distal 11.0 52.0 37.0 10.6 52.1 37.3 

     Middle 5.00 43.4 47.6 7.60 28.2 64.2 

     Proximal 2.57 41.1 41.7 1.66 33.1 65.2 

 German 

shepherd 

14.5 31.8 MN Distal 8.11 30.2 61.7 25.4 46.6 28.0 

     Middle 3.33 39.7 57.0 18.7 49.7 31.6 

     Proximal 3.23 49.7 47.1 15.5 37.5 47.0 

 Labrador 

retriever 

crossbreed 

Adult 53.0 MN Distal 4.12 52.6 43.2 16.9 49.0 34.1 
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Table D1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Epithelium 

(%) 

Lamina propria-submucosa 

(%) 

Cartilage core 

(%) 

Chondral cells/matrix 

(%) 

Fibrous tissue 

(%) 

Adipose tissue 

(%) 

MC     Middle 2.04 47.5 35.1 9.34 37.0 53.7 

     Proximal 1.91 15.9 60.3 1.55 18.9 79.5 

 Dachshund 

crossbreed 

10.0 12.2 FN Distal 5.82 46.2 48.0 14.4 61.5 24.0 

     Middle 4.01 35.9 60.1 9.07 25.1 65.8 

     Proximal 3.17 29.3 67.6 4.02 18.9 77.1 

 Labrador 

retriever 

10.0 36.2 MN Distal 5.72 33.6 60.7 25.1 53.7 21.2 

     Middle 2.27 37.4 60.4 19.2 47.6 33.2 

     Proximal 1.55 44.6 48.3 6.39 23.8 69.8 

 Mixed breed Adult 3.20 F Distal 8.44 51.8 39.8 16.2 53.6 30.2 

     Middle 5.54 42.5 46.3 5.52 21.0 73.5 

     Proximal 3.11 31.7 41.4 3.72 28.3 68.0 

 French bulldog 

crossbreed 

9.25 15.6 MN Distal 6.61 47.1 46.3 15.0 67.3 17.7 

     Middle 6.59 49.0 44.4 18.7 39.1 42.2 

     Proximal 4.47 54.5 41.0 9.09 34.1 56.8 

 Maltese 

crossbreed 

Adult 8.50 MN Distal 10.1 29.6 60.3 19.1 63.0 18.0 
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Table D1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Epithelium 

(%) 

Lamina propria-submucosa 

(%) 

Cartilage core 

(%) 

Chondral cells/matrix 

(%) 

Fibrous tissue 

(%) 

Adipose tissue 

(%) 

MC     Middle 2.78 38.1 45.3 13.9 26.5 59.6 

     Proximal 3.26 30.6 36.3 3.70 24.7 71.6 

 Jack Russell 

terrier 

Adult 10.3 MN Distal 4.36 15.2 80.4 5.60 40.1 54.3 

     Middle 4.18 40.3 55.6 8.65 22.9 68.5 

     Proximal 1.53 24.7 50.8 1.00 26.4 72.6 

 Fox terrier Adult 7.80 MN Distal 7.57 49.5 42.9 0.75 66.0 33.3 

     Middle 4.89 57.3 37.8 20.0 31.7 48.3 

     Proximal 4.60 61.4 34.0 7.90 20.0 72.1 

DC Greyhound 7.66 22.8 FN Distal 4.32 36.1 59.6 19.2 37.1 43.7 

     Middle 4.99 36.1 59.0 24.8 37.2 38.0 

     Proximal 4.94 43.0 46.9 8.07 25.8 66.2 

 Greyhound 0.12 3.20 M Distal 11.9 32.7 55.5 0.76 56.7 42.6 

     Middle 9.05 37.0 54.0 0.62 31.1 68.3 

     Proximal 4.74 39.8 36.7 0.12 16.0 83.9 

 Greyhound 0.12 1.20 M Distal 10.7 26.1 63.3 24.6 15.5 59.9 

     Middle 5.38 30.3 48.2 14.9 10.8 74.4 

     Proximal 6.08 19.1 36.4 17.0 32.7 50.3 
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Table D1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Epithelium 

(%) 

Lamina propria-submucosa 

(%) 

Cartilage core 

(%) 

Chondral cells/matrix 

(%) 

Fibrous tissue 

(%) 

Adipose tissue 

(%) 

DC Greyhound 0.12 2.50 M Distal 12.1 32.5 55.5 0.16 0.98 98.9 

     Middle 5.86 29.6 50.3 0.65 27.2 72.1 

     Proximal 4.15 35.6 34.7 0.16 27.2 72.6 

 Greyhound 0.12 1.80 F Distal 13.4 27.9 58.7 0.46 46.9 52.6 

     Middle 8.62 37.7 53.7 0.48 28.1 71.4 

     Proximal 11.4 51.0 37.7 1.09 18.7 80.2 

 Greyhound 0.12 2.70 M Distal 12.1 20.6 67.4 0.23 33.9 65.9 

     Middle 10.6 30.9 58.6 0.86 28.5 70.6 

     Proximal 9.23 51.0 39.7 2.45 24.7 72.8 

 Greyhound Adult 22.0 F Distal 4.80 34.5 60.7 22.0 39.7 38.4 

     Middle 5.03 27.6 67.4 15.2 28.9 56.0 

     Proximal 4.52 31.6 58.9 7.51 24.0 68.5 

 Greyhound Adult 27.5 F Distal 4.34 47.8 47.9 22.2 57.6 20.2 

     Middle 3.18 35.5 61.3 9.42 35.9 54.7 

     Proximal 2.01 43.7 48.8 6.56 20.4 73.0 
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Appendix E 

Table E1: Signalment, head group and histopathology features from the distal, middle and proximal epiglottis displaying grading for oedema, inflammation, cartilage metachromasia, and cartilage 

mineralisation. Medians from 5 random fields (total area: 0.8 mm2) calculated for total chondral cells (chondrocytes/chondroblasts) and degenerate chondral cells.  Total 41 dogs; brachycephalic (n 

= 10 adults, n = 2 juvenile/puppy), mesocephalic (n = 21 adults) and doliocephalic (n = 3 adults, n = 5 puppies) dogs.  Grades for oedema, inflammation and metachromasia were 0 = normal, 1 = 

mild, 2 = moderate and 3 = marked. Grade for mineralisation were 0 = absence, 1 = presence.  Median for total chondral cells and degenerate chondral cells undertaken over 5 fields (total area: 0.8 

mm2) .  Head shape denoted by BC = brachycephalic group, MC =  mesocephalic group, DC = doliocephalic.  Sex denoted by M = male, MN = male neuter, F = female, FN = female neuter, IS = 

intersex  *It was not possible to distinguish between oedema and separation artefact. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Oedema 

grade* 

Inflammation 

grade 

Total chondral cells median 

of five random fields (total 

area: 0.8 mm2) 

Degenerate chondral cells 

median of five random fields 

(total area: 0.8 mm2) 

Metachromasia 

grade 

Mineralisation 

grade 

BC French bulldog 1.92 12.7 MN Distal 0 0 102 0 2 0 

     Middle 0 0 85 1 2 0 

     Proximal 0 1 67 1 1 0 

 English bulldog 2.58 21.2 M Distal 0 1 67 9 2 0 

     Middle 2 1 65 14 0 0 

     Proximal 2 1 81 15 2 0 

 Shih tzu 8.33 7.60 FN Distal 0 0 52 1 2 0 

     Middle 2 0 45 1 2 0 

     Proximal 1 1 67 1 1 0 

 French bulldog 0.42 9.10 M Distal 1 0 70 3 1 0 

     Middle 1 0 62 0 1 0 

     Proximal 1 0 32 0 0 0 

 Pug 10.5 6.40 FN Distal 2 1 33 1 0 0 
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Table E1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Oedema 

grade* 

Inflammation 

grade 

Total chondral cells median 

of five random fields 

Degenerate chondral cells 

median of five random fields 

Metachromasia 

grade 

Mineralisation 

grade 

BC     Middle 2 1 29 0 1 0 

     Proximal 0 0 19 0 1 0 

 Cavalier King 

Charles spaniel 

7.58 15.1 MN Distal 3 0 48 1 2 1 

     Middle 2 1 78 2 2 1 

     Proximal 1 1 54 1 1 0 

 Staffordshire 

bull terrier 

12.0 22.9 MN Distal 2 1 44 0 2 0 

     Middle 1 2 67 0 2 0 

     Proximal 0 1 59 0 2 1 

 Pug Adult 7.70 MN Distal 2 0 31 2 1 0 

     Middle 2 2 37 2 2 0 

     Proximal 1 0 20 0 0 0 

 Pug Adult 10.5 FN Distal 1 1 42 3 2 1 

     Middle 1 2 36 5 2 1 

     Proximal 1 1 39 3 2 1 

 American 

bulldog 

1.75 24.0 M Distal 1 1 64 3 2 0 

     Middle 2 0 75 5 2 0 
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Table E1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Oedema 

grade* 

Inflammation 

grade 

Total chondral cells median 

of five random fields 

Degenerate chondral cells 

median of five random fields 

Metachromasia 

grade 

Mineralisation 

grade 

BC     Proximal 1 1 22 6 2 0 

 Pug 0.31 4.20 IS Distal 2 0 41 0 0 0 

     Middle 2 1 30 0 0 0 

     Proximal 1 1 29 0 0 0 

 French bulldog Adult 12.2 F Distal 1 0 78 3 1 1 

     Middle 2 0 52 1 2 1 

     Proximal 2 0 38 2 2 0 

MC Beagle 10.6 14.3 MN Distal 2 0 30 3 0 0 

     Middle 2 0 40 2 1 0 

     Proximal 0 0 32 1 0 0 

 Springer spaniel 7.75 26.8 MN Distal 2 0 45 2 2 0 

     Middle 1 0 47 1 2 0 

     Proximal 1 0 37 2 0 0 

 Kelpie 

crossbreed 

14.0 10.6 MN Distal 1 1 35 5 1 0 

     Middle 1 1 30 3 1 0 

     Proximal 0 1 15 1 0 0 

 Golden retriever 1.33 28.9 MN Distal 1 0 63 2 2 0 
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Table E1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Oedema 

grade* 

Inflammation 

grade 

Total chondral cells median 

of five random fields 

Degenerate chondral cells 

median of five random fields 

Metachromasia 

grade 

Mineralisation 

grade 

MC     Middle 0 0 53 1 2 0 

     Proximal 0 0 39 0 2 0 

 Mixed breed 14.0 10.3 MN Distal 0 0 25 1 2 0 

     Middle 2 1 30 0 2 0 

     Proximal 1 0 28 0 1 0 

 Spoodle 11.8 19.3 MN Distal 2 1 46 2 2 1 

     Middle 2 1 44 3 2 1 

     Proximal 2 2 52 1 1 1 

 Border collie 13.5 24.1 MN Distal 2 0 60 1 2 0 

     Middle 2 0 42 1 2 1 

     Proximal 3 0 35 1 1 1 

 German 

shepherd 

10.7 33.8 MN Distal 2 0 61 3 0 0 

     Middle 2 1 65 2 1 1 

     Proximal 1 1 48 4 0 0 

 Miniature fox 

terrier 

10.8 4.80 FN Distal 2 1 27 3 2 1 

     Middle 3 1 31 5 2 1 
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Table E1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Oedema 

grade* 

Inflammation 

grade 

Total chondral cells median 

of five random fields 

Degenerate chondral cells 

median of five random fields 

Metachromasia 

grade 

Mineralisation 

grade 

MC     Proximal 2 1 13 0 1 1 

 Bichon frise 13.0 7.30 FN Distal 0 1 25 4 2 0 

     Middle 1 1 23 2 1 0 

     Proximal 0 1 21 5 1 0 

 German 

shepherd 

8.00 30.3 FN Distal 1 0 34 1 2 0 

     Middle 1 2 45 1 2 1 

     Proximal 1 2 38 1 2 0 

 Jack Russell 

terrier 

Adult 7.00 FN Distal 2 0 46 5 1 0 

     Middle 2 0 40 3 2 0 

     Proximal 2 1 20 0 2 0 

 German 

shepherd 

14.5 31.8 MN Distal 2 0 65 9 2 0 

     Middle 1 1 53 7 2 0 

     Proximal 0 0 35 3 2 0 

 Labrador 

retriever 

crossbreed 

Adult 53.0 MN Distal 1 0 36 3 2 1 

     Middle 2 0 37 4 1 1 
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Table E1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Oedema 

grade* 

Inflammation 

grade 

Total chondral cells median 

of five random fields 

Degenerate chondral cells 

median of five random fields 

Metachromasia 

grade 

Mineralisation 

grade 

MC     Proximal 0 0 41 3 1 0 

 Dachshund 

crossbreed 

10.0 12.2 FN Distal 3 1 25 1 1 0 

     Middle 2 2 29 3 2 1 

     Proximal 2 1 33 2 2 0 

 Labrador 

retriever 

10.0 36.2 MN Distal 1 0 72 6 2 1 

     Middle 0 0 58 8 1 1 

     Proximal 0 0 38 6 0 0 

 Mixed breed Adult 3.20 F Distal 2 0 41 1 1 0 

     Middle 2 1 44 2 1 1 

     Proximal 2 0 46 3 0 0 

 French bulldog 

crossbreed 

9.25 15.6 MN Distal 2 0 44 2 2 0 

     Middle 2 0 50 4 2 0 

     Proximal 2 0 37 2 1 0 

 Maltese 

crossbreed 

Adult 8.50 MN Distal 2 0 17 1 2 1 
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Table E1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Oedema 

grade* 

Inflammation 

grade 

Total chondral cells median 

of five random fields 

Degenerate chondral cells 

median of five random fields 

Metachromasia 

grade 

Mineralisation 

grade 

MC     Middle 1 1 23 1 2 1 

     Proximal 0 0 8 1 2 1 

 Jack Russell 

terrier 

Adult 10.3 MN Distal 1 0 36 4 1 0 

     Middle 0 0 29 3 1 0 

     Proximal 0 1 18 3 0 0 

 Fox terrier Adult 7.80 MN Distal 2 0 48 2 0 0 

     Middle 3 0 47 1 1 1 

     Proximal 2 1 48 3 1 1 

DC Greyhound 7.66 22.8 FN Distal 1 0 49 2 2 0 

     Middle 2 0 48 2 2 1 

     Proximal 1 1 52 2 2 0 

 Greyhound 0.12 3.20 M Distal 2 0 97 0 0 0 

     Middle 3 0 77 0 0 0 

     Proximal 2 0 52 0 0 0 

 Greyhound 0.12 1.20 M Distal 1 0 40 0 0 0 

     Middle 2 0 60 1 0 0 

     Proximal 2 0 20 0 0 0 
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Table E1 – continued. 

 Breed Age 

(yr) 

Weight 

(kg) 

Sex Section Oedema 

grade* 

Inflammation 

grade 

Total chondral cells median 

of five random fields 

Degenerate chondral cells 

median of five random fields 

Metachromasia 

grade 

Mineralisation 

grade 

DC Greyhound 0.12 2.50 M Distal 2 0 84 0 0 0 

     Middle 1 1 77 0 0 0 

     Proximal 3 0 44 0 0 0 

 Greyhound 0.12 1.80 F Distal 1 0 0 0 0 0 

     Middle 2 1 81 0 0 0 

     Proximal 2 1 29 0 0 0 

 Greyhound 0.12 2.70 M Distal 1 0 81 0 0 0 

     Middle 1 0 81 0 0 0 

     Proximal 2 0 65 0 0 0 

 Greyhound Adult 22.0 F Distal 2 0 46 4 1 1 

     Middle 2 0 42 3 2 1 

     Proximal 1 0 33 6 2 1 

 Greyhound Adult 27.5 F Distal 2 0 65 2 1 1 

     Middle 1 1 60 2 0 1 

     Proximal 1 0 48 6 1 0 

 
 
 


