
 

 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/ 

licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

 

REVIEW: A Review on Different Manifestations of Crouzon 

Syndrome 

 
Negareh Salehabadi Student Research Committee, School of Dentistry, Mazandaran University of Medical Sciences, Sari, Iran. 

Anahita Lotfizadeh Student Research Committee, School of Dentistry, Mazandaran University of Medical Sciences, Sari, Iran. 

Ali Mazandarani Student Research Committee, School of Dentistry, Mazandaran University of Medical Sciences, Sari, Iran. 

Iman Misagh 

Toupkanloo 
Student Research Committee, School of Dentistry, Mazandaran University of Medical Sciences, Sari, Iran. 

Mehdi Aryana Student Research Committee, School of Dentistry, Mazandaran University of Medical Sciences, Sari, Iran. 

 

ARTICLE INFO  ABSTRACT 

Submitted: 06 Jan 2023 Introduction: Crouzon syndrome (CS), the most common 

craniosynostosis condition, which could lead to several 

developmental complications. This study aimed to review the 

different manifestations of CS. 

Material and Methods: In order to find the relevant articles, the 

databases of PubMed, Scopus, Web of Science, and Cochrane 

Library were searched using the term “Craniofacial Dysostosis” 

and its relevant entry terms. All English-language articles 

regarding the CS were included in the study. After removing the 

duplicate articles, two authors independently screened the title 

and abstracts of the included articles. Disagreements were 

resolved through voting and discussion with the third author. 

Then full-text of articles were screened and the articles were 

categorized depending on regarding their main topic. 

Results: The search yielded 449 results in different databases. 

After removing the duplicates, 331 results remained. Then, 182 

were excluded as not completely relevant by screening the 

abstracts. The remaining 149 studies were assessed for the 

eligibility criteria. Of them, 74 were excluded due to the 

following reasons: (1) unavailable full text; (2) discussing other 

types of craniosynostoses syndromes; and (3) not having clear 

results. Finally, 75 studies which were included in this study. 

Conclusion: CS is caused by mutations in the FGFR2 gene and 

is inherited in an autosomal dominant pattern. Diagnosis is based 

on the characteristic physical features, as well as imaging studies 

and genetic testing. Treatment involves surgery to correct the 

craniosynostosis and facial abnormalities. Early and appropriate 

treatment can help to improve the quality of life for affected 

individuals. 
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Introduction

raniosynostosis is a condition that 

affects the growth of the skull bones 

in infants and children. The condition 

occurs when the cranial sutures fuse 

prematurely, leading to abnormalities in the 

shape and size of the skull. Craniosynostosis 

can occur as an isolated condition or as part 

of a syndrome (1, 2). There are various types 

of craniosynostosis syndromes, including 

Apert, Crouzon, Pfeiffer, Carpenter, Saethre-

Chotzen, and Jackson-Weiss syndromes (3). 

Crouzon syndrome (CS), the most common 

craniosynostosis condition, is a rare genetic 

disorder with a prevalence of approximately 
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one in 25,000 to 60,000 live births, which 

affects the development of the skull and face 

(4). The condition is caused by mutations in 

the fibroblast growth factor receptor 2 

(FGFR2) gene, which is involved in the 

development and maintenance of bones and 

other tissues in the body. CS is inherited in an 

autosomal dominant pattern. In some cases, 

however, the condition can arise spon-

taneously due to new mutations in the FGFR2 

gene (5-7). The characteristic features of CS 

include craniosynostosis, which leads to an 

abnormally shaped skull, and facial 

abnormalities such as bulging eyes, a small 

upper jaw, and a beaked nose. Children with 

CS may also have dental problems, hearing 

loss, and developmental delays (8-10). 

The diagnosis of CS is made based on the 

characteristic physical features of the 

condition, as well as imaging studies such as 

X-rays, CT scans, and MRI scans. Genetic 

testing can also be performed to confirm the 

diagnosis and identify the specific mutation 

in the FGFR2 gene (11, 12). Treatment for CS 

involves surgery to correct the cranio-

synostosis and facial abnormalities. The goal 

of surgery is to improve the appearance of the 

face and head, as well as to alleviate any 

neurological symptoms that may be present. 

Surgery may also be necessary to correct 

dental problems and hearing loss (13-15).  

Early diagnosis and appropriate treatment of 

CS can help to improve the quality of life for 

affected individuals. It is important for 

individuals with CS to receive ongoing 

medical care, including regular monitoring 

and treatment of any associated conditions 

(16). This study aimed to provide information 

on different manifestations of CS. 

Methods 

In order to find the relevant articles regarding 

CS, the English-language papers published 

until January 21, 2023 were searched by two 

authors in the databases of PubMed, Scopus, 

Web of Science, and Cochrane Library. 

Related terms were searched in the Medical 

Subject Headings (MeSH) database, and 

finally, the term “Craniofacial Dysostosis” 

and its relevant entry terms were selected as 

the main search keywords. 

All English-language articles regarding the 

CS were included in the study. The following 

articles were excluded: reviews, case reports, 

editorials, guidelines, letter to the editors, and 

abstracts from conferences; articles not 

written in English; duplicate articles; articles 

with no available full text; and articles 

regarding other craniosynostoses syndromes. 

After removing the duplicate articles, two 

authors independently screened the title and 

abstracts of the included articles. Dis-

agreements were resolved through voting and 

discussion with the third author. Then full-

text of articles were screened and the articles 

were categorized depending on regarding 

their main topic. 

Results 

The search yielded 449 results in different 

search engines/databases of PubMed, Scopus, 

Web of Science, Cochrane Library, and 

Google Scholar. After finding and removing 

the duplicates, 331 search results remained. 

After screening the abstract of these 331 

articles, 182 were excluded as not completely 

relevant. The remaining 149 studies were 

assessed for the eligibility criteria. Of them, 

74 were excluded due to the following 

reasons: (1) unavailable full text; (2) 

discussing other types of craniosynostoses 

syndromes; and (3) not having clear results. 

There remained 75 studies which were 

included in this study. 

 

Genetics 

The function of fibroblast growth factor 

receptor (FGFR) mutations in the etiology of 

some eponymous forms of craniosynostosis is 

now well understood. The most prevalent 

syndromes associated with craniosynostosis 

are Pfeifer (FGFR1, FGFR2), Apert 

(FGFR2), Crouzon (FGFR2), Saethre–

Chotzen (TWIST1), Jackson–Weiss 

(FGFR2), Greig (GL13), and Muenke 

(FGFR3) (17). CS is an autosomal-dominant 

inherited craniosynostosis condition caused 

by heterozygous mutations in the FGFR2 
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gene (18-21). FGFR2 is a transmembrane 

tyrosine kinase that corresponds to the 10q26 

gene. Three extracellular immunoglobulin 

(Ig)-like domains (IgI, IgII, and IgIII), a 

single transmembrane segment, and a split 

tyrosine kinase (TKI/TKII) domain make up 

this protein (22, 23). Exons 8 (IIIa) and 10 

(IIIc), which encode the extracellular Ig-like 

III (IgIII) domain of the receptor, are mutated 

in about 95% of CS patients (20, 21, 24, 25). 

Growth factors such as fibroblast growth 

factor (FGF) and transforming growth factor 

(TGF) are important regulators in cell growth 

and differentiation process. Increased ligand 

affinity and altered ligand specificity can 

result from FGFR2 mutations, affecting 

mesenchymal stem cell differentiation and 

hence causing developmental abnormalities 

(24, 26). 

 

Form of cranial fossa 

The most common shapes of skull in patients 

with CS are brachycephalic and scapho-

cephalic. Trigonocephalic and triphyllo-

cephalic (cloverleaf skull) forms are less 

common (27). Hydrocephalus is one of the 

complications related to CS. The incidence of 

hydrocephalus in craniosynostosis is reported 

as 4%. Hydrocephalus may result in 

ventricular dilation through constriction of 

subarachnoid spaces by the premature fusion 

of the sutures (28). Chiari type I mal-

formation (CM-I) is another manifestation 

that may be seen in CS patients as a result of 

missense mutation in FGFR2 gene. It has 

been reported that the premature fusion of 

cerebral sutures may be the mechanism 

leading to the development of CM-I in 

patients with syndromic craniosynostosis 

(29). 

A chronic tonsillar herniation is another 

important complication in patients with CS. It 

was assumed that the pathophysiology 

underlying the development of this condition 

is related to the jugular foramen stenosis and 

the subsequent increased sagittal sinus 

pressure and venous turgor of the brain. 

Following this problem, CSF absorption gets 

defected and results in hydrocephalus (30). 

Tonsillar herniation is more likely to occur in 

patients with a lumbar shunt who have some 

degree of cephalocranial disproportion (31). 

A different form of craniosynostosis has been 

reported which is progressive postnatal. 

Patients with progressive craniosynostosis 

mainly had mutations in exon 7 or 9 of 

FGFR2 which is a common site of CS 

mutations. The affected individuals have a 

normal skull shape and open sutures in 

infancy but develop multiple-suture cranio-

synostosis postnatally, which requires 

surgical correction. These cases are important 

because the patients do not initially display 

physical manifestations of craniosynostosis, 

but eventually develop increased intracranial 

pressure which can have harmful con-

sequences. Because elderly individuals have 

more time to grow, they present a higher 

percentage of anterior fontanelle bulging, 

papilledema, and thumbprinting. These 

symptoms are also used for monitoring 

patients and preventing further outcomes 

(32). 

In a study by Caplan et al., encephalocele has 

been reported as a late complication of frontal 

bone reconstruction for craniosynostosis, 

which was successfully managed (33). The 

histopathologic features of the skull in 

patients with CS show hemangiomatous 

anomaly of bone. The reason, however, needs 

to be further studied (34). 

 

Airway 

Airway obstruction has been reported in 

approximately 40% of cases with severe 

craniosynostosis syndrome. The clinical 

presentation of the airway obstruction in 

these patients ranges from loud snoring and 

noisy breathing to frank respiratory distress. 

CS is more frequently associated with severe 

airway obstruction than other cranio-

synostosis syndromes. Cephalometric studies 

of patients with CS have shown a decrease in 

nasopharyngeal dimensions. Factors 

contributing to airway obstruction in CS 

include midface hypoplasia, adenoid and 

tonsillar hypertrophy, laryngotracheo-

malacia, choanal stenosis or atresia, intrinsic 

lung problems, and neurological problems. In 

addition, absent pulmonary valve syndrome 
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has been reported as the cause of airway 

obstruction in these patients. The long-term 

consequences of severe airway obstruction 

are failure to thrive, feeding difficulties, 

developmental delay and recurrent 

respiratory infection. Airway obstruction can 

also make emergency airway management 

difficult (35-37). Facial appearance improve-

ment, a possible malocclusion correction, and 

severe obstructive sleep apnea are the reasons 

for performing orthognathic surgery in 

patients with CS. Airway management in CS 

during the surgery is crucial, thus a correct 

pre-anesthetic assessment and planned 

preinduction strategy should be designed to 

make intubation easier (38). 

 

Ocular manifestations 

In CS patients, the floor and the lateral border 

of bony orbit are both retruded in sagittal 

plane. However, the orbit’s height is higher 

than normal. Interorbital distances are 

increased in the transverse plane (39). Ocular 

manifestations observed in CS patients in 

different studies include proptosis secondary 

to shallow orbits, glaucoma, lagophthalmos, 

hypertelorism, globe subluxation, coloboma, 

diffuse thick blebs with no leakage, hazy 

corneas with band keratopathy and exposure, 

shallow and quiet anterior chambers, 

posterior synechiae, cataract, flat retina, 

hyperopia, hypotropia, hypertropia, myopia, 

increased intracranial pressure, optic edema, 

papilledema optic nerve hypoplasia, 

idiopathic orbital inflammatory syndrome, 

conjunctivitis, visual loss, keratitis, ptosis, 

nystagmus, strabismus, and amaurosis (39-

50). It is worth noting that vision loss can 

occur suddenly in the absence of other 

symptoms of intracranial hypertension (51). 

There have also been some reports of 

anomalies in ocular muscles of CS patients, 

such as anomalous extraocular muscles, 

bilateral inferior oblique overaction, 

unilateral congenital absence of the inferior 

rectus muscle, agenesis of extraocular 

muscles, absence of the superior and inferior 

rectus and the oblique muscles. Hypertrophy 

of the horizontal muscles and extraocular 

muscle hypoplasia were also reported (41, 44, 

47, 52, 53). 

 

Dental phenotype 

Although the majority of CS patients have 

oligodontia, hypodontia, or partial anodontia, 

supernumerary teeth have been identified in 

few cases (54-57). These patients may have 

malposed teeth or teeth that are not 

structurally normal, such as peg-shaped teeth 

or macrodontia (54, 55, 58). When compared 

to a healthy patient, the patient with CS 

exhibited reduced calcium levels and higher 

phosphorus, cadmium, and magnesium levels 

in enamel. Lower calcium, phosphorus, and 

magnesium levels were found in the dentine, 

with greater cadmium, lead, iron, sodium, and 

strontium levels. The calcium-to-

phosphorous ratio was found to be 

considerably lower after statistical analysis. 

Because the tissues are of poorer quality, they 

may be more easily demineralized and worn 

away during physiological dental processes 

(59). Another characteristic noticed in a large 

proportion of individuals is Class III mal-

occlusion with or without maxillary crowding 

(54, 55, 58, 60). In fewer cases, anterior open 

bite, negative overjet, crossbite, and an 

increase in interdental space have been 

documented (54, 59, 60). 

 

Radiographic features 

Over the years, several imaging methods have 

been proven to be useful in radiographic 

assessment of CS patients. Three-

dimensional computed tomography (CT) can 

help evaluate congenital malformations of the 

brain as well as the surgical approach and 

postoperative assessment of craniofacial 

anomalies in children. When CS patients 

were examined using this method, different 

observations were made such as different 

synostoses, exophthalmos, midfacial retru-

sion, asymmetrical calvarium thickening, and 

diffuse indentation of the inner table of the 

skull (3, 12, 61-63). Some features such as 

abnormally shaped cranium, increased 

interorbital distance, ocular proptosis, and 

mild ventriculomegaly could be observed in 

sonographic examinations during second 

trimester of pregnancy (64). Lateral, antero-
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posterior, and posteroanterior radiographs of 

skull could be useful in observation of 

shallow orbits, depressed nasal bridge, 

hypertelorism, copper beaten skull, uneven 

calvarial thickening, and the absence of 

coronal and lambdoid sutures (3, 62, 65). 

Decreased intervertebral space between C5 

and C6 vertebrae was seen in anteroposterior 

spine radiograph of a CS patient in a study by 

Mohan et al. (63). Panoramic images are also 

helpful to assess the size of jaws and the 

presence of deciduous and succedaneous 

teeth (3, 63, 65). 

 

Comorbidity with acanthosis nigricans 

Acanthosis nigricans is a rare dermal disease, 

characterized by pigmented hyperkeratotic 

patches in body folds area. In older studies the 

association between acanthosis nigricans and 

CS was not clear (66, 67). Acanthosis 

nigricans can be seen in different clinical 

settings such as syndromic, obesity-

associated, inherited, para-neoplastic, drug-

induced and mixed conditions (68). In recent 

years it has been specified that CS with 

acanthosis nigricans is resulted by the patho-

genic variant c.1172C>A (p.Ala319Glu) in 

the FGFR3 gene (69). CS with acanthosis 

nigricans (CAN) is different from CS and it is 

considered an independent clinical entity 

(70). CAN is autosomal-dominant with a 

paternal age effect. The crouzonoid features 

usually are the first recognized features. A 

choanal atresia is commonly seen and 

significantly indicates CAN. Symptoms 

related to the acanthosis nigricans in 80% of 

the cases presented at the first decade. These 

symptoms always present before puberty and 

their pattern is not limited to the body folds. 

Important systemic conditions especially 

those involving the kidney must be 

recognized early. 

An uncommon subtype named Crouzono-

dermoskeletal syndrome (CDSS) has been 

introduced based on clinical and molecular 

findings, which is characterized by acanthosis 

nigricans, vertebral anomalies and dental 

cementomas. Additional features are hydro-

cephalus, choanal atresia and minor skeletal 

changes (71). CDSS consists 1-2% of all 

craniosynostosis syndromes. It has a female 

predominance but the manifestations are 

identical in both genders. CDSS is different 

from classic CS, but shares some phenotypic 

features such as bilateral coronal craniosyn-

ostosis, midfacial hypoplasia, exophthalmos, 

parrot beak nose, mandibular prognathism, 

and posteriorly angled ears (72). 

 

Psychosocial 

CS patients do not have psychosocial issues 

until physical symptoms develop (55, 73). 

Although the exact age of development of the 

condition is unknown, symptoms typically 

appear in childhood (74). Children with the 

syndrome are socially isolated, mocked at 

school, and abused because of their 

appearance (75). Children's desire to continue 

their education and participation in the 

society has been noted in some cases, and 

they have become isolated persons who 

prefer to have limited contact with others at 

home (55, 75). The family, particularly 

parents, are the most influential people in 

preventing negative repercussions. Parents 

can instill self-assurance and support in their 

children. Some of the suggested solutions 

include public awareness, early start of 

psychotherapy sessions, and enrollment in 

special schools (75). Early diagnosis and 

performing any therapeutic or cosmetic 

interventions (due to the child's primary 

difficulties) have been found to enhance the 

psychosocial status of these children, 

allowing them to socialize and communicate 

more effectively than untreated children (55, 

58, 73). For example, an ear prosthetic, had a 

major impact on the mental health and quality 

of life of a patient who had lost his hearing 

and had an abnormal anatomy in his ear (58). 

Conclusion 

In conclusion, CS is a rare genetic disorder 

that affects the development of the skull and 

face. The condition is caused by mutations in 

the FGFR2 gene and is inherited in an 

autosomal dominant pattern. Diagnosis is 

based on the characteristic physical features 

of the condition, as well as imaging studies 
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and genetic testing. Treatment involves 

surgery to correct the craniosynostosis and 

facial abnormalities. Early and appropriate 

treatment can help to improve the quality of 

life for affected individuals. 

Acknowledgements 

This study was approved by the Research 

Ethics Committee of Mazandaran University of 

Medical Sciences (code: IR.MAZUMS.REC. 

1402.17955). The authors would like to express 

their gratitude to the Student Research 

Committee and the Deputy of Research and 

Technology of Mazandaran University of 

Medical Sciences for their support (grant 

number: 17955). 

Conflicts of Interest 

None to declare. 

Authors’ Contribution 

Design: N.S. and M.A.; Search: M.A.; Data 

extraction: N.S., A.L., A.M., I.M.T., and M.A.; 

First draft: A.L., A.M., and I.M.T.; Final 

revision: N.S. and M.A.; supervision: M.A. All 

authors read and approved the final version of 

the manuscript. 

References 

1. Carinci F, Pezzetti F, Locci P, 

Becchetti E, Carls F, Avantaggiato A, et al. 

Apert and Crouzon syndromes: clinical 

findings, genes and extracellular matrix. J 

Craniofac Surg 2005;16:361-368. 

2. Di Rocco F, Arnaud E, Renier D. 

Evolution in the frequency of nonsyndromic 

craniosynostosis. J Neurosurg Pediatr 

2009;4:21-25. 

3. Kalanjiam V, Manoharan G. Crouzon 

syndrome - A rare case report. Int J Health 

Sci (Qassim) 2017;11:74-75. 

4. Sandoval JI, De Jesus O. 

Scaphocephaly. StatPearls [Internet]: 

StatPearls Publishing, 2021. 

5. Teven CM, Farina EM, Rivas J, Reid 

RR. Fibroblast growth factor (FGF) signaling 

in development and skeletal diseases. Genes 

Dis 2014;1:199-213. 

6. Tripathi T, Srivastava D, Bhutiani N, 

Rai P. Comprehensive management of 

Crouzon syndrome: A case report with three-

year follow-up. J Orthod 2022;49:71-78. 

7. Slavotinek AM. Novel microdeletion 

syndromes detected by chromosome 

microarrays. Human genetics 2008;124:1-

17. 

8. Maspero C, Giannini L, Galbiati G, 

Kairyte L, Farronato G. Non surgical 

treatment of Crouzon syndrome. 

Stomatologija 2014;16:72-80. 

9. Posnick JC. The craniofacial 

dysostosis syndromes: Current 

reconstructive strategies. Clin Plast Surg 

1994;21:585-598. 

10. Sobouti F, Dadgar S, Salehabadi N, 

Lotfizadeh A, Mazandarani A, Aryana M. 

Orthodontic Management of an Adult 

Crouzon Syndrome: A Case Report. 

Authorea Preprints 2022. 

11. Agochukwu NB, Solomon BD, 

Muenke M. Impact of genetics on the 

diagnosis and clinical management of 

syndromic craniosynostoses. Child's Nerv 

Syst 2012;28:1447-1463. 

12. Neira JGA, Herazo VDC, Cuenca 

NTR, Sanabria Cano AM, Sarmiento MFB, 

Castro MF, et al. Computed tomography 

findings of Crouzon syndrome: A case 

report. Radiol Case Rep 2022;17:1288-1292. 

13. Rickart A, van de Lande L, O'Sullivan 

E, Bloch K, Arnaud E, Schievano S, et al. 

Comparison of Internal and External 

Distraction in Frontofacial Monobloc 

Advancement: A Three-Dimensional 

Quantification. British Journal of Oral and 

Maxillofacial Surgery 2022;60:e86. 

14. Breakey RW, Mercan E, van de 

Lande LS, Sidpra J, Birgfeld C, Lee A, et al. 

Two-center review of posterior vault 

expansion following a staged or expectant 

treatment of Crouzon and Apert 

craniosynostosis. Plastic and Reconstructive 

Surgery 2022;151:615-626. 

15. Kamikonya T, Inokuchi G, Tatehara 

S, Yui M, Nibu K-i. Surgical treatment of 

bony nasal airway stenosis in a patient with 

adult Crouzon’s syndrome. Journal of 

 [
 D

O
I:

 1
0.

32
59

8/
tb

sr
j.v

5i
1.

10
52

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

sr
j.m

az
um

s.
ac

.ir
 o

n 
20

25
-1

1-
19

 ]
 

                               6 / 9

http://dx.doi.org/10.32598/tbsrj.v5i1.10528
http://tbsrj.mazums.ac.ir/article-1-3796-en.html


Manifestations of Crouzon Syndrome   ׀   Salehabadi et al. 

 

39  Tabari Bio Stu Res J - Volume 5 - Issue 1 
 

Surgical Case Reports 2022;2022:rjac358. 

16. Raposo-Amaral CE, Menezes PT, Gil 

A, Raposo-Amaral CA, Ghizoni E. 

Behavioral, Learning Skills, and Visual 

Improvement in Crouzon Syndrome Patient 

Following Late Posterior Vault Distraction 

Osteogenesis. Journal of Craniofacial 

Surgery 2022;33:2589-2592. 

17. Magge SN, Snyder K, Sajja A, 

DeFreitas TA, Hofherr SE, Broth RE, et al. 

Identical Twins Discordant for Metopic 

Craniosynostosis: Evidence of Epigenetic 

Influences. J Craniofac Surg 2017;28:14-16. 

18. Lin Y, Gao H, Ai S, Eswarakumar JV, 

Li T, Liu B, et al. Molecular analysis of 

FGFR 2 and associated clinical observations 

in two Chinese families with Crouzon 

syndrome. Mol Med Rep 2016;14:1941-

1946. 

19. Goriely A, Lord H, Lim J, Johnson D, 

Lester T, Firth HV, et al. Germline and 

somatic mosaicism for FGFR2 mutation in 

the mother of a child with Crouzon 

syndrome: Implications for genetic testing in 

"paternal age-effect" syndromes. Am J Med 

Genet A 2010;152a:2067-2073. 

20. Bagheri-Fam S, Ono M, Li L, Zhao L, 

Ryan J, Lai R, et al. FGFR2 mutation in 

46,XY sex reversal with craniosynostosis. 

Hum Mol Genet 2015;24:6699-6710. 

21. Ke R, Lei J, Ge M, Cai T, Yang J, Wu 

Y, et al. Severe meningeal calcification in a 

Crouzon patient carrying a mutant C342W 

FGFR2. J Craniofac Surg 2015;26:557-559. 

22. Suh YJ, Bae HS, Choi JY, Lee JH, 

Kim MJ, Kim S, et al. A novel FGFR2 

mutation in tyrosine kinase II domain, 

L617F, in Crouzon syndrome. J Cell 

Biochem 2014;115:102-110. 

23. Fujisawa H, Hasegawa M, Kida S, 

Yamashita J. A novel fibroblast growth 

factor receptor 2 mutation in Crouzon 

syndrome associated with Chiari type I 

malformation and syringomyelia. J 

Neurosurg 2002;97:396-400. 

24. Lin Y, Gao H, Ai S, Eswarakumar 

JVP, Zhu Y, Chen C, et al. FGFR2 mutations 

and associated clinical observations in two 

Chinese patients with Crouzon syndrome. 

Mol Med Rep 2017;16:5841-5846. 

25. Collet C, Alessandri JL, Arnaud E, 

Balu M, Daire VC, Di Rocco F. Crouzon 

syndrome and Bent bone dysplasia 

associated with mutations at the same Tyr-

381 residue in FGFR2 gene. Clin Genet 

2014;85:598-599. 

26. Fenwick AL, Goos JA, Rankin J, Lord 

H, Lester T, Hoogeboom AJ, et al. 

Apparently synonymous substitutions in 

FGFR2 affect splicing and result in mild 

Crouzon syndrome. BMC Med Genet 

2014;15:95. 

27. David DJ, Cooter RD, Edwards TJ. 

Crouzon twins with cloverleaf skull 

malformations. J Craniofac Surg 1991;2:56-

60; discussion 61. 

28. Hanieh A, Sheen R, David DJ. 

Hydrocephalus in Crouzon's syndrome. 

Child's Nervous System 1989;5:188-189. 

29. Canpolat A, Akçakaya MO, 

Altunrende E, Ozlü HM, Duman H, Ton T, 

et al. Chiari Type I malformation yielded to 

the diagnosis of Crouzon syndrome. J 

Neurosci Rural Pract 2014;5:81-83. 

30. Francis PM, Beals S, Rekate HL, 

Pittman HW, Manwaring K, Reiff J. Chronic 

tonsillar herniation and Crouzon's syndrome. 

Pediatr Neurosurg 1992;18:202-206. 

31. Chumas PD, Drake JM, Del Bigio 

MR. Death from chronic tonsillar herniation 

in a patient with lumboperitoneal shunt and 

Crouzon's disease. Br J Neurosurg 

1992;6:595-599. 

32. Connolly JP, Gruss J, Seto ML, 

Whelan MF, Ellenbogen R, Weiss A, et al. 

Progressive postnatal craniosynostosis and 

increased intracranial pressure. Plast 

Reconstr Surg 2004;113:1313-1323. 

33. Caplan J, Angel M, Parent A. 

Encephalocele as a late complication of 

cranial vault reconstruction in a patient with 

Crouzon's syndrome. J Craniofac Surg 

2002;13:501-504. 

34. Alpers CE, Edwards MS. 

Hemangiomatous anomaly of bone in 

Crouzon's syndrome: case report. 

Neurosurgery 1985;16:391-394. 

35. Beck R, Sertie AL, Brik R, Shinawi 

M. Crouzon syndrome: association with 

absent pulmonary valve syndrome and 

 [
 D

O
I:

 1
0.

32
59

8/
tb

sr
j.v

5i
1.

10
52

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

sr
j.m

az
um

s.
ac

.ir
 o

n 
20

25
-1

1-
19

 ]
 

                               7 / 9

http://dx.doi.org/10.32598/tbsrj.v5i1.10528
http://tbsrj.mazums.ac.ir/article-1-3796-en.html


Manifestations of Crouzon Syndrome   ׀   Salehabadi et al. 

 

40  Tabari Bio Stu Res J - Volume 5 - Issue 1 
 

severe tracheobronchomalacia. Pediatr 

Pulmonol 2002;34:478-481. 

36. Devine P, Bhan I, Feingold M, 

Leonidas JC, Wolpert SM. Completely 

cartilaginous trachea in a child with Crouzon 

syndrome. Am J Dis Child 1984;138:40-43. 

37. Jain A, Kumar P, Bhagat H. An Infant 

with Crouzon Syndrome Presenting with 

Reversible Chronic Airway Obstruction. 

Anesthesiology 2020;132:1555. 

38. Fernandes M, Eufrásio A, Bonifácio 

J, Marcelino J. Airway management in a 

patient with Crouzon syndrome proposed to 

orthognathic surgery. BMJ Case Rep 

2018;2018. 

39. Kreiborg S, Cohen MM, Jr. Germinal 

mosaicism in Crouzon syndrome. Hum 

Genet 1990;84:487-488. 

40. Quintero-Rivera F, Martinez-Agosto 

JA. Bilateral exophthalmos: Report of a case 

and review of a fibroblast growth factor 

receptor 2 mutation associated with non-

penetrant Crouzon syndrome. J Paediatr 

Child Health 2010;46:693-695. 

41. Giordano BP, Tuli SS, Ryan SF, Stern 

M, Tuli SY. Crouzon Syndrome: Visual 

Diagnosis. J Pediatr Health Care 

2016;30:270-273. 

42. Sastre-Ibáñez M, García-Asorey A, 

Santos-Bueso E, Lerma-Gallardo JL, García-

Sáenz S, García-Feijoo J. Crouzon 

syndrome: Ophthalmologic complications in 

an untreated adult patient. J Fr Ophtalmol 

2015;38:e177-178. 

43. Selvan H, Sharma A, Dada T. Inferior 

Bitot's spot in a case of Crouzon syndrome: 

The environmental theory reaffirmed. BMJ 

Case Rep 2019;12. 

44. Snir M, Gilad E, Ben-Sira I. An 

unusual extraocular muscle anomaly in a 

patient with Crouzon's disease. Br J 

Ophthalmol 1982;66:253-257. 

45. Alshamrani AA, Al-Shahwan S. 

Glaucoma With Crouzon Syndrome. J 

Glaucoma 2018;27:e110-e112. 

46. Carruthers JD. Strabismus in 

craniofacial dysostosis. Graefes Arch Clin 

Exp Ophthalmol 1988;226:230-234. 

47. Chung SA, Lee SY. Anomalous 

extraocular muscles in Crouzon syndrome 

with V-pattern exotropia. Indian J 

Ophthalmol 2020;68:924-926. 

48. David LR, Velotta E, Weaver RG, Jr., 

Wilson JA, Argenta LC. Clinical findings 

precede objective diagnostic testing in the 

identification of increased ICP in syndromic 

craniosynostosis. J Craniofac Surg 

2002;13:676-680. 

49. Eves D, O'Connor SJ, Boyle MA. 

Optic Nerve Hypoplasia and Crouzon 

Syndrome. J Pediatr Ophthalmol Strabismus 

2018;55:e45-e48. 

50. Garcia GA, Tian JJ, Apinyawasisuk 

S, Kim S, Akil H, Sadun AA. Clues from 

Crouzon: Insights into the potential role of 

growth factors in the pathogenesis of 

myelinated retinal nerve fibers. J Curr 

Ophthalmol 2016;28:232-236. 

51. Bartels MC, Vaandrager JM, de Jong 

TH, Simonsz HJ. Visual loss in syndromic 

craniosynostosis with papilledema but 

without other symptoms of intracranial 

hypertension. J Craniofac Surg 

2004;15:1019-1022; discussion 1023-1014. 

52. Garcia GA, Tian JJ, Apinyawasisuk 

S, Kim S, Akil H, Sadun AA. Clues from 

Crouzon: Insights into the potential role of 

growth factors in the pathogenesis of 

myelinated retinal nerve fibers. Journal of 

current ophthalmology 2016;28:232-236. 

53. Ingham PN, McGovern ST, 

Crompton JL. Congenital absence of the 

inferior rectus muscle. Aust N Z J 

Ophthalmol 1986;14:355-358. 

54. Kaushik A, Bhatia H, Sharma N. 

Crouzon's Syndrome: A Rare Genetic 

Disorder. Int J Clin Pediatr Dent 2016;9:384-

387. 

55. O'Donnell D. Dental management 

problems related to self-image in Crouzon's 

syndrome. Aust Dent J 1985;30:355-357. 

56. Stein GM, Wahl H. Partial anodontia 

of both the deciduous and permanent 

dentitions in a case of Crouzon's disease. 

Oral Surg Oral Med Oral Pathol 

1969;28:808-812. 

57. Torun GS, Akbulut A. Crouzon 

syndrome with multiple supernumerary 

teeth. Niger J Clin Pract 2017;20:261-263. 

58. Rathee M, Tamrakar AK, Kundu R, 

 [
 D

O
I:

 1
0.

32
59

8/
tb

sr
j.v

5i
1.

10
52

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

sr
j.m

az
um

s.
ac

.ir
 o

n 
20

25
-1

1-
19

 ]
 

                               8 / 9

http://dx.doi.org/10.32598/tbsrj.v5i1.10528
http://tbsrj.mazums.ac.ir/article-1-3796-en.html


Manifestations of Crouzon Syndrome   ׀   Salehabadi et al. 

 

41  Tabari Bio Stu Res J - Volume 5 - Issue 1 
 

Yunus N. Three-dimensional precise 

orientation of bilateral auricular trial 

prosthesis using a facebow for a young adult 

with Crouzon syndrome. BMJ Case Rep 

2014;2014. 

59. Pawlicki R, Knychalska-Karwan Z, 

Darczuk D, Nowak T. Crouzon's syndrome: 

tooth morphological and microanalytical 

evaluation. Eur Arch Paediatr Dent 

2008;9:232-235. 

60. Singer SL, Walpole I, Brogan WF, 

Goldblatt J. Dentofacial features of a family 

with Crouzon syndrome. Case reports. Aust 

Dent J 1997;42:11-17. 

61. Altman NR, Altman DH, Wolfe SA, 

Morrison G. Three-dimensional CT 

reformation in children. AJR Am J 

Roentgenol 1986;146:1261-1267. 

62. Grover SB, Bhayana A, Grover H, 

Kapoor S, Chellani H. Imaging diagnosis of 

Crouzon syndrome in two cases confirmed 

on genetic studies - with a brief review. 

Indian J Radiol Imaging 2019;29:442-447. 

63. Mohan RS, Vemanna NS, Verma S, 

Agarwal N. Crouzon syndrome: clinico-

radiological illustration of a case. J Clin 

Imaging Sci 2012;2:70. 

64. Gollin YG, Abuhamad AZ, Inati MN, 

Shaffer WK, Copel JA, Hobbins JC. 

Sonographic appearance of craniofacial 

dysostosis (Crouzon syndrome) in the second 

trimester. J Ultrasound Med 1993;12:625-

628. 

65. Nagaraju K, Ranadheer E, Suresh P, 

Tarun SP. Cephalometric analysis of hard 

and soft tissues in a 12-year-old syndromic 

child: a case report and update on dentofacial 

features of Crouzon syndrome. J Indian Soc 

Pedod Prev Dent 2011;29:315-319. 

66. Breitbart AS, Eaton C, McCarthy JG. 

Crouzon's syndrome associated with 

acanthosis nigricans: ramifications for the 

craniofacial surgeon. Ann Plast Surg 

1989;22:310-315. 

67. Gines E, Rodriguez-Pichardo A, 

Jorquera E, Moreno JC, Camacho F. 

Crouzon disease with acanthosis nigricans 

and melanocytic nevi. Pediatr Dermatol 

1996;13:18-21. 

68. Fukuchi K, Tatsuno K, Matsushita K, 

Kubo A, Ito T, Tokura Y. Familial acanthosis 

nigricans with p.K650T FGFR3 mutation. J 

Dermatol 2018;45:207-210. 

69. Couser NL, Pande CK, Turcott CM, 

Spector EB, Aylsworth AS, Powell CM. 

Mild achondroplasia/hypochondroplasia 

with acanthosis nigricans, normal 

development, and a p.Ser348Cys FGFR3 

mutation. Am J Med Genet A 

2017;173:1097-1101. 

70. Di Rocco F, Collet C, Legeai-Mallet 

L, Arnaud E, Le Merrer M, Hadj-Rabia S, et 

al. Crouzon syndrome with acanthosis 

nigricans: a case-based update. Childs Nerv 

Syst 2011;27:349-354. 

71. Jeftha A, Stephen L, Morkel JA, 

Beighton P. Crouzonodermoskeletal 

syndrome. J Clin Pediatr Dent 2004;28:173-

176. 

72. Herman TE, Sargar K, Siegel MJ. 

Crouzono-dermo-skeletal syndrome, 

Crouzon syndrome with acanthosis nigricans 

syndrome. J Perinatol 2014;34:164-165. 

73. Powazek M, Billmeier GJ, Jr. 

Assessment of intellectual development after 

surgery for craniofacial dysostosis. Am J Dis 

Child 1979;133:151-153. 

74. Belfer ML, Harrison AM, Murray JE. 

Body image and the process of reconstructive 

surgery. Am J Dis Child 1979;133:532-535. 

75. Pandey N, Pandey RK, Singh RK, 

Shah NK. Crouzon syndrome: a social 

stigma. BMJ Case Rep 2012;2012. 

 [
 D

O
I:

 1
0.

32
59

8/
tb

sr
j.v

5i
1.

10
52

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

sr
j.m

az
um

s.
ac

.ir
 o

n 
20

25
-1

1-
19

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

http://dx.doi.org/10.32598/tbsrj.v5i1.10528
http://tbsrj.mazums.ac.ir/article-1-3796-en.html
http://www.tcpdf.org

