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RESUMO 
 

Guimarães, MLB. Anomalias do ouvido nas Síndromes de Apert e Crouzon – a 
Descrição e Classificação da Avaliação Radiológica. [Dissertação]. Bauru: Hospital de 
Reabilitação de Anomalias Craniofaciais, Universidade de São Paulo; 2022. 

 
 

Introdução: Craniosinostose é uma fusão prematura das suturas cranianas e pode estar 

associada a síndromes raras. Essas síndromes tem pelo menos 150 genes identificados e 

comumente estão relacionadas ao gene FGF. Apesar de haver algumas anormalidades de 

orelha externa, media e interna nestas síndromes, há uma escassez na literatura a respeito 

das principais anormalidades do osso temporal nos exames de imagem e a sua frêquencia 

nas Síndromes de Apert (SA) e Sindrome de Crouzon (SC) 

Objetivos: Descrever as principais alterações do osso temporal nos exames de tomografia 

computadorizada (TC), classifica-las e aferir sua frequência nas SA e SC  

Métodos: Avaliar as estruturas do osso temporal usando imagens de TC. Alterações 

envolvendo a orelha externa, media e interna, os grandes vasos (jugular e carótida) e nervo 

facial, assim como outras alterações significativas do osso temporal foram avaliadas e 

classificadas em cada segmento. 

Resultados: Anormalidades da orelha externa foram encontradas em 64,3% nas orelhas da 

SA e 81,9% nas orelhas da SC, anormalidades da orelha média foram encontradas em 92% 

na SA e 81% nas orelhas da SC, anormalidades da orelha interna foram encontradas em 

69,6% nas orelhas da SA e 9% nas orelhas da SC, o nervo facial estava anormal em 48,3% 

nas orelhas da SA e 47,8% das orelhas na SC, a veia jugular estava anormal em 37,5% nas 

orelhas da SA e 54,6% das orelhas da SC, a artéria carótida estava anormal em 14,3% das 

orelhas da SA e 20,5% das orelhas na SC. 

Conclusão: A frequência das principais anomalias do osso temporal foi demonstrada nessas 

raras condições clinicas. O manejo global destas síndromes necessita abranger a avaliação 

do osso temporal em particular com exames de imagem. A frequência destas alterações faz 

com que possamos considerar fenotípico estas alterações nestas síndromes e podem compor 

protocolos de descrição delas. Ainda podemos avaliar o quão desafiador pode ser abordar o 

osso temporal destes pacientes.  

 

Descritores: Craniossinostose, Síndrome de Apert, Síndrome de Crouzon, 

orelha/anormalidades, tomografia computadorizada 
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ABSTRACT 
 

Guimarães, MLB. Ear Anomalies in Apert and Crouzon Syndromes – The Description 
and Classification of Radiology Evaluation [Dissertation]. Bauru: Hospital de 
Reabilitação de Anomalias Craniofaciais, Universidade de São Paulo; 2022. 
 
 

 
Introduction: Craniosynostosis (CS) is a premature fusion of cranial sutures associated with 

rare syndromes. Those syndromes have at least 150 genes identified, and the most common 

syndromes are associated with FGF.  Although there are some abnormalities of external, 

middle and inner ear in those syndromes, there is a shortage in the literature about the main 

anomalies in the temporal bone (TB) on imaging examinations and their frequency in patients 

with Apert syndrome (AS) and Crouzon syndrome (CS).  

Objectives: describe the main alterations in the temporal bone on Computed Tomography 

(CT) scans, classify them and their frequency in the AS and CS. 

Methods: evaluation of the structures of the temporal bone using CT scans. Anomalies 

involving the external, middle and inner ear, large vessels, facial nerve, as well as other 

significant temporal bone anomalies were evaluated and classified by means of specific 

classifications and descriptive findings associated with each segment. 

Results: Anomalies in the external ear were found 64,3% of AS ears and 81,9% CS ears, the 

middle ear anomalies were found 92% of AS ears and 81% of CS ears, the inner ear anomalies 

were found 69,6% of AS ears and 9% of CS ears, the facial nerve was abnormal 48,3% of AS 

ears and 47,8% of CS ears, the jugular was abnormal 37,5% of AS ears and 54,6 of CS ears 

the carotid artery was abnormal 14,3% of AS ears and 20,5% of CS ears.  

Conclusion: The frequency of the main anomalies in the TB were demonstrated on these rare 

clinical conditions. The global management of those patients needs to embrace an evaluation 

of the TB with imaging exams. These findings can be considered phenotypic of the syndromes, 

and can compose protocols for their description. Furthermore, one can measure how 

challenging it can be to approach the TB of those patients. 

 

Key words: craniosynostosis, Apert Syndrome, Crouzon Syndrome, ear/abnormalities, 

computed tomography 
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1 INTRODUCTION 
 

Craniosynostosis is a premature fusion of one or more cranial sutures with an 

estimated incidence of 1 to 2,000-2,500 live births. It can be spontaneous, syndromic 

or familial and may present in different forms (DI ROCCO, ARNAUD, RENIER, 2009). 

Only 8% of craniosynostosis are syndromic or familial (GOVERNALE, 2015). Apert 

syndrome (AS) and Crouzon syndrome (CS) are syndromic craniosynostosis (SC), 

with an incidence of 1: 65,000-200,000 in SA and 1: 60,000 in SC. (Irene et al. 2015) 

(Fearon et al. 2003)  

SC often show mutations in six genes: FGFR2, FGFR3, TWIST1, EFNB1, TCF12 and 

ETS2 repressor factor (ERF) - with more than 150 identified forms. Mutation of the 

Fibroblast Growth Factor (FGF) gene leads to the most common SC, such as AS and 

CS. Others syndromes also have FGF mutations like Muenke Syndrome, Pfeiffer 

Syndrome, Beare Stevenson Syndrome, Jackson-Wiess Syndrome. Others common 

genes are TWIST1 expressed in Saethre-Chotzen Syndrome and EFNB1 gene 

expressed in craniofrontonasal syndrome. Most syndromes are autossomal dominant 

(Apert, Crouzon, Muenke, Pfeiffer, Saethere-Chotzen), but also have some recessive 

syndromes like Beare-Stevenson and Jack-Weiss (WANG, NAGY, DEMKE, 2016) 

(WILKIE et al. 2017) 

AS e CS share some clinical findings such as: midface hypoplasia, ocular proptosis 

and elevated intracranial pressure. AS typically presents with bilateral coronal suture 

synostosis, enlargement of the anterior fontanelle and complex symmetrical syndactyly 

of the hands and feet. Other findings include pointed narrow palate, ocular 

hypertelorism, and oropharyngeal narrowing. (COHEN, KREIBORG, 1996), (SPRUIJT 

et al. 2015) (WANG, NAGY, DEMKE, 2016). CS presents complex cranial suture 

synostosis, divergent strabismus due to shallow orbits and ocular hypertelorism 

(HELMAN et al. 2014). (WANG, NAGY, DEMKE, 2016). 

Another classically alteration described is the audiological involvement in these 

syndromes. Agochukwu, Solomon and Muenke. (2014) demonstrated hearing loss in 

80% in AS and in CS 74% of patients. Zhou, Schwartz and Gopen (2009) 

demonstrated 10% did not have hearing loss, 10% mixed deficit, and 80% conductive 
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deficit in a sample of 20 AS. Orvidas et al. (1999) demonstrated in 15 patients in CS, 

33% did not have hearing loss, 27% sensorineural hearing loss, 27% conductive 

hearing loss and 13% mixed hearing loss. 

However there is a scarcity in the literature that demonstrates the alteration on 

computed tomography (CT) scans of the temporal bone (external, middle and inner 

ear) in AS and CS that can justify the high prevalence of hearing loss in the literature.  

Therefore, this study aims to describe the main changes in the external, middle, inner 

ear and large vessels of the temporal bone in CT scans, classify them and their 

frequecy in the AS and CS. 

 



 

 

 
 
 
 
 
 
 
 

 
2 OBJECTIVES 
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2 OBJECTIVES 
 
Describe the main anomalies of the external ear, middle ear, inner ear, the large 

vessels of the temporal bone on CT scans in patients with Apert Syndrome and 

Crouzon Syndrome. 
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3 ARTICLE 
 
 

 Article presented in this Dissertation was written according to The Cleft Palate-

Craniofacial Journal instructions and guidelines for article submission. 
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Patients: Fifty consecutive patients diagnosed with AS and CS were divided into the groups of 

AS and CS, obtaining 28 patients with AS and 22 patients with CS, totaling 100 ears evaluated. 

Interventions: Diagnosis of anomalies involving the TB with CT evaluation. 

Main Outcome Measure: to classify and determine the prevalence of anomalies of external, 

middle and inner ear, large vessels, facial nerve, and other significant TB anomalies. 

Results: Anomalies in the external ear were found, 64.3% in AS and 81.9% in CS ears; 

anomalies in the middle ear were found, 92% in AS and 81% in CS ears; anomalies in the inner 

ear were found, 69.6% in AS and 9% in CS ears; anomalies in the facial nerve were 48.3% in 

AS and 47.8% in CS ears; jugular was abnormal, 37.5% in AS and 54.6 CS ears; the carotid 

artery was abnormal, 14.3% in AS and 20.5% CS ears.  

Conclusion: The frequency of the main anomalies in the TB were demonstrated on these rare 

clinical conditions. The global management of those patients needs to embrace an evaluation 

of the TB with imaging exams. These findings can be considered phenotypic of the syndromes, 

and can compose protocols for their description. Furthermore, one can measure how 

challenging it can be to approach those patients` TB. 

 

Keywords: Craniosynostosis, Apert syndrome, Crouzon syndrome, Ear Anomalies  
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INTRODUCTION 

Craniosynostosis is a premature fusion of cranial sutures with an estimated incidence of 1 to 

2,000-2,500 live births. It can be spontaneous, syndromic, or familial and may present in 

different forms.1 Only 8% of craniosynostoses are syndromic or familial.2 Apert syndrome (AS) 

and Crouzon syndrome (CS) are syndromic craniosynostoses (SC), with an incidence of 

1:65,000-200,000 in AS and 1:60,000 in CS. 3,4 

SCs often show mutations in six genes: FGFR2, FGFR3, TWIST1, EFNB1, TCF12 and ETS2 

repressor factor (ERF) - with more than 150 forms identified. Mutation of the Fibroblast Growth 

Factor (FGF) gene leads to the most common SCs, such as and CS. 5,6 

AS e CS share some clinical findings, such as midface hypoplasia, ocular proptosis, and 

intracranial hypertension.7 AS typically presents with bilateral coronal suture synostosis, 

enlargement of the anterior fontanelle, and complex symmetrical syndactyly of the hands and 

feet. Other findings include pointed narrow palate, ocular hypertelorism, and oropharyngeal 

narrowing.8–11 CS presents complex cranial suture synostosis, divergent strabismus due to 

shallow orbits, and ocular hypertelorism 10,12,13 

Another classical alteration is the audiological involvement in these syndromes, demonstrated 

in the literature with hearing loss in 80% in AS and 74% in CS.14 Other studies of AS 

demonstrated that 10% did not have hearing loss, 10% showed mixed deficits, and 80% 

conductive deficit in a sample of 20 patients. A sample of 15 patients of CS demonstrated that 

33% did not have hearing loss, 27% had sensorineural hearing loss, 27% conductive hearing 

loss, and 13% mixed hearing loss.15,16 



 

 

However, the anomalies of the TB (external, middle and inner ear) in AS and CS that can 

explain the high prevalence of hearing loss in the literature are poorly demonstrated on 

computed tomography (CT) scans.12,14–18 

Therefore, this study aims to describe the main changes in the external, middle, inner ear and 

large vessels of the TB in CT scans, classify them and their prevalence in AS and CS. 

MATERIALS AND METHODS 

This is a retrospective chart review of image exams describing the ear anomalies in a serial of 

cases of AS and CS, conducted at the Hospital for Rehabilitation of Craniofacial Anomalies of 

the University of São Paulo– HRAC/USP, the largest national reference for craniofacial 

anomalies in Brazil, and was approved by the ethics committee of HRAC/USP (2,993,880). 

Inclusion criteria: consecutive patients diagnosed with AS and CS, who were evaluated in a 

specific outpatient clinic of the Craniofacial and Clinical Genetics team, and underwent (CT) 

of the temporal bones. Fifty medical records were analyzed, divided into the groups of AS and 

CS, obtaining 28 patients with AS and 22 patients with CS, totaling 100 ears evaluated (56 in 

AS and 44 in CS). 

Exclusion criteria: Insufficient quality of the images to analyze ear structures, lack of images 

available in the medical record, lack of diagnosis, inconclusive diagnosis, or diagnosis of 

another syndrome. 

Imaging Exams: 

The evaluation occurs through a analysis of the CT scans that was in a database made 

available by HRAC-USP, collected from different machines across the country. All CT scans 

were made for craniofacial preoperative purposes. 
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The evaluation of the structures used coronal, axial, and sagittal reconstructions of CT scans 

using the software RadiAnt DICOM Viewer. All CT scans have slices of 1mm or thinner and 

were analyzed by three ENT experts in craniofacial anomalies and otology and one ear 

anomalies expert radiologist. 

Specific classifications and descriptive findings associated with each segment were used: 

1. External Ear:  

The classification described by Weerda19 was used as reference for the following descriptive 

parameters:  

A- Normality  

B- Stenosis (type A of Weerda) 

C- Atresia (Type B and C of Weerda) 

D- Low ear insertion with cephalization of the external auditory canal (EAC) 

2. Middle Ear: 

The classification by Jahrsdoerfer20 was used, in addition to the following descriptive 

parameters: 

A- Evaluation of the tympanic cleft/middle ear space (It was evaluated with soft tissue content 

only or associated with hypoplasia/reduction of its dimensions, isolated hypoplasia, total 

absence of tympanic cleft, erosion of the tympanic bones)  

B- Evaluation of the mastoid bone (evaluated for its pneumatization, size, development of the 

medullary bone, bone erosions, and soft tissue content). 

C- Evaluation of the tympanic membrane (evaluated in its usual aspect, thickened or retracted.) 



 

 

D- Evaluation of the ossicular chain (evaluated both in its integrity and in the presence of 

malformations) 

E- Evaluation of the facial nerve (evaluated in its tympanic and mastoid portions, evident 

dehiscence, absence of nerve, double nerve, or anomalous path). 

Jahsdoerfer scale: Scale of points of the middle ear structures and EAC, totaling 10 points:  

• Presence of stapes (2 points),  

• Presence of oval window (1 point),  

• Space in the middle ear (1 point),  

• Facial nerve in anatomical position (1 point),  

• Hammer-anvil complex (1 point),  

• Pneumatization of the mastoid (1 point),  

• Anvil-stapes joint (1 point),  

• Presence of a round window (1 point),  

• Anomalous external ear (1 point). 

 

3. Inner Ear 

The classification by Sennaroglu21 was used as reference for the following descriptive 

parameters: 

A- Evaluation of the cochlea (presence of dysplasia/incomplete partitions, hypoplasia, 

common cavity and aplasia evaluated). 

B- Evaluation of the vestibule (dilation, hypoplasia, aplasia or common cavity evaluated). 

C- Evaluation of Semicircular Canal (Each canal was evaluated as absent, dilated, 

hypoplastic, or dehiscent). 
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D- Evaluation of the Cochlear Aqueduct (evaluated as enlarged following comparative 

parameters with the posterior semicircular canal and/or the absolute value above 1.5 

mm). 

E- Evaluation of the Vestibular Aqueduct (evaluated as enlarged following comparative 

parameters with the posterior semicircular canal and/or the absolute value above 1.5 

mm) 

F- Internal auditory canal (IAC) (Pathologically evaluated as atresic, dilated or stenotic, 

and morphologically as cylindrical, funnel- or bud-shaped).* 

G- Evaluation of the relationship between the middle fossa and the inner ear, the lateral 

semicircular canal in the craniocaudal orientation. 

*Classification used by Marques’s for morphological classification of the normal IAC in 

cylindrical, bud-shaped, and funnel/cone shaped was used.22 

4. Large vessels (Jugular and carotid) 

The classification by Manjila23 was used, in addition to the following descriptive parameters:  

A- Jugular evaluation (evaluation of protrusion, dehiscence, stenosis, vascular 

malformations). 

B- Carotid evaluation (evaluation of protrusion, dehiscence, stenosis, vascular 

malformations). 

Classification by Manjila: Classifies the positional aspects of the jugular in the temporal bone 

as:  

1) Normal jugular bulb; 

2) High jugular bulb up to the lower margin of the posterior semicircular canal; 

a. without dehiscence for the middle ear and  

b. with dehiscence for the middle ear  



 

 

3) Between the lower margin of the posterior semicircular canal and the margin of the 

internal auditory canal; 

a. without dehiscence for the middle ear and  

b. with dehiscence for the middle ear;  

4) Above the lower margin of the internal auditory canal; 

a. without dehiscence for the internal auditory canal 

b. with dehiscence for the internal auditory canal;  

5) Complex combination of dehiscences. 

RESULTS 

CTs of 50 patients were selected and 100 ears were evaluated (56 ears in the AS group and 44 

ears in the CS group). Of these, 23 patients were female (14 AS and 9 CS) and 27 were male 

(14 AS and 13 CS). Ages ranging from 1 month to 34 years, 7 patients <1 years old, 11 

patients between 1 – 5 years, 8 patients between 5 – 10 years, 9 patients between 10-15 years, 

3 patients between 15-20 years, 5 patients between 20-25 years, 5 patients between 25-30 

years and 2 patients between 30-34 years, with an average age of 11.2 years. 

EXTERNAL EAR 

The evaluation of the external ear focused on information about the EAC (Table 1). We can 

evaluate EAC stenosis (Werda Grade A) in 15 ears (8 in AS and 7 in CS). Incomplete (Werda 

Grade 2) or complete (Werda grade 3) atresia found in 7 ears (4 in AS and 3 in CS). We 

performed the evaluation of the low implantation of the ears in 50 ears (24 in AS and 26 in CS). 

(Figure 1) 

MIDDLE EAR  

Isolated malformations of the anvil were found in 4 ears in CS, stapes malformations were 

found in 6 ears (5 in AS and 1 in CS), fusion of the incudomalleolar joint was found in 9 ears 

(7 in AS and 2 in CS) and total chain malformation was found in 2 ears in CS (Table 1). 
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Hypopneumatization was found in 41 ears (29 in AS and 12 in CS); hypopneumatization 

associated with soft tissue content was found in 20 ears (15 in AS and 5 in CS). Finally, due to 

some patients’ age, some mastoid bones were still under development with a medullary bone 

in 8 ears (6 in AS and 2 in CS) (Table 1). 

Thickening of the tympanic membrane was found in 6 ears (2 in AS and 4 in CS), retraction 

was found in 17 ears in AS. Due to the tomographic limitation, when there is complete atresia 

or soft tissue content, sometimes this hindered the correct evaluation of the tympanic membrane 

through the present method; therefore, 19 ears could not be evaluated on the tympanic 

membrane (13 AS and 6 in CS) (Table 1). 

Hypoplasia of the tympanic cleft was found in 17 ears (10 in AS and 7 in CS); hypoplasia with 

soft tissue content was found in 21 ears (16 in AS and 5 in CS) (Table 1). 

Dehiscence of the tympanic portion of the facial nerve was found in only 2 ears in AS and 

anomalous position of the facial nerve path (its position evaluated as more anterior and/or 

lateralized than usual) was found in 44 ears (23 in AS and 21 in CS). Two ears could not be 

adequately assessed for the facial nerve (Table 1). 

Using the classification by Jahrsdoerfer, we found 2 ears in CS with a score of 2; 2 ears in AS 

with a score of 4; 4 ears with a score of 5 (3 in AS and 1 in CS); 7 ears with a score of 6 (6 in 

AS and 1 in CS); 26 ears with a score of 7 (16 in AS and 10 in CS); 31 ears with score of 8 (16 

from AS and 15 from CS); 16 ears with score of 9 (9 from AS and 7 from CS); 12 ears with 

score 10 (4 from AS and 8 of CS) (Table 2). 

INNER EAR 

All 100 ears evaluated had cochleas within normal limits. Vestibular hypoplasia was found in 

4 ears of AS and vestibular dilation was found in 34 ears of AS. Important hypoplasia of the 



 

 

lateral canal was found in 31 ears of AS and 1 ear was associated with hypoplasia of the upper 

semicircular canal (Figure 2). Evident dehiscence of the upper semicircular canal was found in 

2 ears of CS. (Table 1) 

Two ears of CS had vestibular aqueduct enlargement. Cochlear aqueduct enlargement using 

similar parameters was demonstrated in 3 ears of AS (Table 1). 

No pathological changes in the IAC were found in the 100 ears evaluated. Analysis of the IAC 

morphology found 44 ears (24 AS and 20 CS) with cylindrical shape, 46 ears (28 AS and 18 

CS) with bud shape and 10 ears (4 AS and 6 CS) in funnel shape (Table 1). 

Lowering of the middle cranial fossa beyond the lateral canal was found in 56 ears (31 in AS 

and 25 in CS). Four ears could not be properly evaluated (Table 1). 

LARGE VESSELS 

The carotid artery was found protruding in the middle ear in 15 ears (6 in AS and 9 in CS), and 

2 ears in AS presented stenosis with reduced caliber. Alterations of the intratemporal jugular 

vein are more frequent, protruding in the middle ear in 30 ears (15 in AS and 15 in CS), 

dehiscence in 15 ears (6 in AS and 9 in CS) (Figure 3) (Table 1). 

The evaluation using the classification by Manjila demonstrates that 23 ears were classified as 

2a (10 in AS and 13 in CS), 7 ears as 2b (2 in AS and 5 in CS), 3 ears as 3a (1 in AS and 2 in 

CS), 5 ears as 3b (2 in AS and 3 in CS), 3 ears as 4a in AS, 3 ears as 4b (2 in AS and 1 in CS), 

with no ears with classification 5 (Table 3). 

DISCUSSION 

Systematic and standardized evaluation of the external, middle, inner ear, and large vessels 

(jugular and intratemporal carotid) in patients with AS and CS is limited in the 
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literature.3,4,10,12,14–16,24 This study gathers a large sample of patients with these rare syndromes 

compared to the literature, bringing na detailed methodology for assessing changes in the TB, 

with specific classifications, and also individualizing the prevalence of each alteration found. 

This was only possible because the HRAC/USP hospital conducts CT scans not only of the TB, 

but of all craniofacial structures, allowing the assessment of changes in several areas.7,11,13 

Anomalies in the external ear, both in AS and CS, are usually described through the physical 

examination and otoscopy. The description of EAC anomalies, such as stenosis and atresia, are 

often associated with ear implantation dystopias, typical of syndromic diseases14,25,26. Our study 

consistently evaluated the EAC using CT scans, in line with other studies, demonstrating 

stenosis, atresia, and low ear implantation in our patients. Specifically, the dystopia of the 

positioning of the ears was often found, leading to a cephalized EAC and distorted anatomy. 

These alterations themselves already make ordinary hearing rehabilitations difficult, and also 

hinder access via the transcanal of otological surgery and distort the anatomy of the middle ear, 

mastoid, and middle fossa.18,27  

Alterations in the middle ear in AS include effusive otitis media, recurrent acute otitis media, 

changes in tubal dysfunction, ossicular adaptation (primary stapes adjustment), ossicle 

malformation or fusion, and chronic otitis media.14,25 Alterations in the middle ear in CS include 

changes in the tympanic membrane (thickened, retracted, perforated or atrophic), 

tympanosclerosis, atresia of the auditory canal, malformation and fixation of the anvil, otitis 

media with effusion, otosclerosis and changes of the stapes with fusion to the promontory, 

ankylosis from the hammer towards the outer wall of the epitympanum, distortions of the 

middle ear space, absence of the tympanic membrane, and recurrent infections of the middle 

ear.14,24 



 

 

The evaluation of the 56 ears of AS was consistent with the findings of the literature, showing 

changes in the middle ear in 92.8% of the ears. Our study also reinforces the findings of 

alterations in the middle ear (81.8% of them) of the 44 ears of CS patients. These changes may 

explain the high prevalence of conductive hearing deficits in patients with AS and CS, still 

leading to real challenges for the complete cleaning of inflammatory tissues in the middle ear 

and mastoid, making ossicle chain reconstruction surgeries difficult. 28 

The facial nerve in its tympanic and mastoid portion was evaluated mainly in terms of 

anomalous position (anterior and/or lateralized); these positions are frequent in patients with 

craniofacial anomalies and predispose to greater risks of injury to the facial nerve during 

otological procedures. This high incidence of changes (about 44.6% of the ears in AS and about 

47.7% of the ears in CS) justifies the monitoring of the facial nerve in surgeries addressing 

these patients’ TB. 29,30 

We used the Jahrsdoerfer classification to standardize scores on these patients’ middle ear and 

EAC, as demonstrated in the literature. This classification is widely used to predict patients 

favorable to EAC reconstruction and placement of middle ear hearing prosthesis, surgical 

difficulties, and possible results.31 We found a weighted average of 7.5 points for AS and 7.9 

points for CS, with the majority of the ears with scores of 7 and 8 (lowest score was 2 and 

highest score was 10), demonstrating that these patients need detailed assessments of the middle 

ear structures, and that most of them have a satisfactory score for possible interventions if 

needed.20,31  

Alterations of the inner ear are commonly found in patients with AS, frequently involving 

vestibular malformations. Alterations in the cochlear aqueduct, dilation of the vestibule, fusion 

of the bulbous vestibule with the lateral semicircular canal, cochlear hypoplasia, dehiscence of 

the posterior semicircular canal are described in the literature.14,16 Our study reinforces the high 
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frequency of alterations in the inner ear in 69.6% of the ears of AS. These alterations are 

concentrated in the posterior labyrinth. Changes in the inner ear should always be investigated 

for these patients with hearing loss or alterations of neuropsycholinguistic abilities.4,32 Our 

study demonstrated that there are no high frequency alterations in the inner ear of CS, which 

can serve as a basis for future comparisons. 

The IAC of patients with AS and CS did not show pathological changes. We use a 

morphological classification used on a non-syndromic Brazilian population. This Brazilian 

study found a funnel shape in 58.3% of the ears, cylindrical shape in 30.9%, and a bud shape 

in 10.8% of them.22 Our study found a high prevalence of bud-shaped IAC (46 ears in total), 

50% of the ears in AS and 40.9% of ears in CS, meaning that this shape can be considered 

phenotypic of these syndromes. The cylindrical shape was found in 44 ears, the second most 

commonly found with a small difference from the bud shape. 

The evaluation of the relation of the middle cranial fossa and the inner ear (lateral canal) is one 

of the parameters for preoperative assessment of surgeries with access to the mastoid bone to 

prevent iatrogenic lesion and later meningoencephalic herniation. The lowered fossae below 

the lateral semicircular canal can make access to the tympanic cleft difficult with a transmastoid 

approach.33,34 Low middle cranial fossa has been frequently found in patients with craniofacial 

anomalies and our study found it at a high frequency in 56% of the ears (55% of the ears in AS 

and 56.8% of the ears in CS).  

Vascular lesions in surgical procedures are considered one of the most dramatic complications 

in neuro-otological surgeries and have to be accurately evaluated preoperative in search for the 

position of the great vessels in the TB. Lesions of the jugular vein or carotid artery can occur 

during surgeries such as otological microsurgery for placement of a ventilation tube or adjacent 

surgeries like temporomandibular joint procedures in patients with craniofacial anomalies.35–38 



 

 

The protrusion or dehiscence of the jugular in the middle ear is often described in AS patients. 

A study describes 12 cases (24 ears) of 20 AS patients.14,16 Jugular alterations are also 

frequently described in CS patients, with another study describing alterations of protrusion in 

the middle ear and dehiscence of the jugular of CS patients in 12 ears of 11 patients, making 

this condition highly prevalent, thus having to be always accounted for.14,39 More rarely, other 

anomalies can also occur, such as stenosis and vascular malformations.14,40  

A high prevalence of jugular protrusion and dehiscence was demonstrated in our study. This 

high prevalence requires attention when performing neuro-otological surgeries in patients with 

AS or CS so that there are no inadvertent jugular lesions. Our hospital proposed evaluation 

protocols with CT to address the middle ear, TB, glenoid fossa, and temporomandibular joint 

preoperative in these patients due to the high incidence of potentially serious alterations. 

Despite the high frequency of jugular alterations, these would be more concentrated in 

classification 2 (bulging and/or dehiscence that does not reach the posterior semicircular canal); 

thus, a transpetrous approach to the posterior fossa can be achieved in the majority of the 

patients, unlike types 3 and 4 that hinder the access due the height of the jugular bulb.23 

This study showed a higher number of patients with rare syndromes (AS and CS) compared to 

the literature. We can consider as limitations not having a matched control group, the use of 

retrospective samples only, and not considering audiometry and clinical changes available in 

medical records. 

CONCLUSION 

By evaluating a large sample of patients with AS and CS, the frequency of the main anomalies 

in the TB were demonstrated on these rare clinical conditions. Anomalies were categorized 

according to classifications established in the literature and their frequency was individualized 

according to each group and each segment. Based on these results, it is concluded that the global 
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management of these patients requires the inclusion of an extensive evaluation of the TB with 

imaging exams because of the high prevalence of anomalies found in these syndromes. There 

were also findings that can be considered phenotypic of these syndromes, and protocols can be 

developed for their proper evaluation, description and diagnosis. Furthermore, this study 

demonstrated how challenging it can be to manage the TB of AS and CS patients, and a detailed 

assessment of these anomalies with imaging exams is required.  
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FIGURES  
 

 
Figure 1: Coronal reconstruction of TC scan of the External Ear A: a low 

implantation of the ear with cephalization of EAC B- Atresia of the EAC C- 

Stenosis of the EAC D- Normal EAC 

 

 
Figure 2: Axial and Coronal reconstruction of TC scan of the Inner ear showing 

vestibular dilatation with dilatation of the lateral semicircular canal 

 



 

 

 
Figure 3: A & B- Axial reconstruction of TC scan of the Jugular vein protruding in 

the temporal bone C & D- Coronal reconstruction of TC scan of the Jugular vein 

dehiscent in the temporal bone. 

 

 
Figure 4: Axial and Coronal reconstruction of TC scan showing Hypopneumatized 

mastoid bone with soft tissue content. 
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Figure 5: Coronal reconstruction of TC scan demonstrating lowered middle 

cranial fossa   



 

 

TABLES 
 

Table I. Age group 

Age Apert Syndrome Crouzon Syndrome Total 

<1 Year 5 2 7 

1 – 5 Year 8 3 11 

5 – 10 Year 5 3 8 

10 -15 Year 4 5 9 

15-20 Year 1 2 3 

>20 Year 5 7 12 

 

Table II. External, Middle, inner Ear and large vessels alterations   

 

External Ear     Apert 
Syndrome 

Crouzon 
Syndrome 

Total  

  External 
Auditory Canal 

        

    Normal 20 (35,7%) 8 (18,1%) 28 
    Stenosis 8 (14,2%) 7 (15,9%) 15 

    Atresia 4 (7,1%) 3 (6,8%) 7 

    Low ear 
insertion 

24 (42,8%) 26 
(59,0%) 

50 

Middle Ear     Apert 
Syndrome 

Crouzon 
Syndrome 

Total 

  Ossicles         
    Normal 44(78,5%) 35(79,5%) 79 
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    Anvil 
Malformation 

0 4(9%) 4 

    Stapes 
Malformation 

5(8,9%) 1(2,2%) 6 

    Total 
malformation 

0 2(4,5%) 2 

    Malleolus-
Anvil Joint 

Fusion 

7(12,5%) 2(4,5%) 9 

  Mastoid Bone         
    Normal 6(10,7%) 25(56,8%) 31 
    Hypopneumat

ized 
29(51,7%) 12(27,2%) 41 

    Hypopneumat
ized with soft 
tissue content  

15(26,7%) 5(11,3%) 20 

    under 
development 

6(10,7%) 2(4,5%) 8 

  Tympanic 
Membrane 

        

    Normal 24(42,8%) 34(77,2%) 58 
    Thickened 2(3,5%) 4(9%) 6 
    Retracted 17(30,3%) 0 17 
    Not evaluable 13(23,2%) 6(13,6%) 19 
  Tympanic Cleft         
    Normal 20(35,7%) 30(68,1%) 50 
    Soft Part 

Content 
10(17,8%) 2(4,5%) 12 

    Hypoplastic 10(17,8%) 7 (15,9%) 17 
    Hypoplastic 

with soft 
tissue content 

16(28,5%) 5(11,3%) 21 

  Facil Nerve         
    Normal 29(51,7%) 23(52,2%) 52 
    Dehiscent 2(3,5%) 0 2 
    Anomalous 

position 
(anterior / 

lateralized) 

23(41%) 21(37,5%) 44 

    Not evaluable 2(3,5%) 0 2 
Inner Ear     Apert 

Syndrome 
Crouzon 

Syndrome 
Total 

  Cochlea         
    Normal 56(100%) 44(100%) 100 
  Vestibule         
    Normal 18(32,1%) 44(100%) 62 
    Hypoplastic 4(7,1%) 0 4 
    Enlarged 34(60,7%) 0 34 
  Semicircular 

Canal 
        



 

 

    Normal 25(44,6%) 42(95,4%) 67 
    Hypoplasia of 

lateral 
semicircular 

canal 

30(53,5%) 0 30 

    Hypoplasia of 
lateral and 
superior 

semicircular 
canal 

1(1,7%) 0 1 

      0 2(4,5%) 2 
    Dehiscence of 

the upper 
semicircular 

canal 

      

  Vestibular 
Aqueduct 

        

    Normal 56(100%) 42(95,4%) 98 
    Enlarged 0 2(4,5%) 2 
  Cochlear 

Aqueduct 
        

    Normal 53(94,6%) 44(100%) 97 
    Enlarged 3(5,3%) 0 3 
  Internal 

Auditory Canal 
Morphology 

        

    Cylindrical 24(42,8%) 20(45,4%) 44 
    Bud Shaped 28(50%) 18(40,9%) 46 
    Funnel  4(7,1%) 6(13,6%) 10 
  Relation of the 

Middle Cranial 
Fossa with the 

Inner Ear 

        

    Normal 21(37,5%) 17(38,6%) 38 
    Lowered 

Middle 
Cranial Fossa 

31(55,3%) 25(56,8%) 56 

    Not evaluable 4(7,1%) 0 4 
Large Vessels     Apert 

Syndrome 
Crouzon 

Syndrome 
Total 

    Carotid          
    Normal 48(85,7%) 35(79,5%) 83 
    Protruding 6(10,7%) 9(20.4%) 15 
    Stenosis 2(3,5%) 0 2 
  Jugular         
    Normal 35(62,5%) 20(45,4%) 55 
    Protruding 15(26,7%) 15(34%) 30 
    Dehiscence 6(10,7%) 9(20,4%) 15 
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Table III. Jahrsdoerfer Scale 

Jahrsdoerfer Scale   Apert Syndrome Crouzon Syndrome Total 

0   0 0 0 

1   0 0 0 

2   0 2 2 

3   0 0 0 

4   2 0 2 

5   3 1 4 

6   6 1 7 

7   16 10 26 

8   16 15 31 

9   9 7 16 

10   4 8 12 

Weighted Average   7,5 7,9 7,68 

 
Table IV. Jugular Classification (Manjila) 

Jugular 

Classification    

Apert 

Syndrome 

Crouzon 

Syndrome   Total 

      

1  35(62,5%) 20(44,4%)  55 

2a  10(17,8%) 13(29,5%)  23 

2b  2(3,5%) 5(11,3%)  7 

3a  1(1,7%) 2(4,5%)  3 

3b  2(3,5%) 3(6,8%)  5 

4a  3(5,3%) 0  3 

4b  2(3,5%) 1(2,2%)  3 

5   0 0   0 



 

 

 
 
 
 
 
 
 
 

4 FINAL 
CONSIDERATIONS 
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4 FINAL CONSIDERATIONS 
 

 

1. The external, middle and inner ear of Apert and Crouzon Syndrome have 

abnormalities in each segment with a high frequency; 

2. The large vessels of the temporal bone have a high frequency of alterations 

especially the jugular vein; 

3. Those alterations can be part of the description of those syndromes; 

4. The alterations need to be evaluated properly for the proper management of 

those syndromes; 

5. The methodology we use can be used on other syndromes due to it detailed 

classifications and evaluations 
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