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INTRODUCTION

Aarskog syndrome is one of the most clinically distinctive 
phenotypes among the hereditary syndromes. Manifestations 
in the facial morphology, skeleton, and genitalia comprise a 
clinically useful diagnostic triad, present from birth. The 
condition was first described in a Norwegian family by the 
pediatrician Dagfinn Aarskog in 1970 and in an American 
family by the geneticist Charles Scott in 1971. Aarskog syn-
drome is an X‐linked condition with fully expressed mani-
festations in males and subtle findings in many carrier 
females. The causative gene, FGD1, located at Xp11.22 was 
identified in 1994 (Pasteris et al. 1994).

Although the condition has been given the more descrip-
tive names of facial‐genital‐digital syndrome and faciogeni-
tal dysplasia, the designations Aarskog syndrome and 
Aarskog–Scott syndrome have retained greatest favor.

Incidence

Over 250 affected individuals with Aarskog syndrome have 
been reported, providing a rich descriptive literature and pre-
cluding the reporting of most currently identified cases 
(Aarskog, 1970; Scott 1971; Furukawa et al. 1972; Porteous 
and Goudie 1991; Fryns 1992; Teebi et al. 1993; Fernandez 
et al. 1994; Stevenson et al. 1994; Orrico et al. 2004, 2005, 
2007, 2015; Shalev et al. 2006; Bottani et al. 2007; Pérez‐Coria 
et al. 2015; Griffin et al. 2016). Many multigenerational pedi-
grees have been identified because of the X‐linked inheritance 

pattern, the presence of distinctive external  manifestations, and 
the absence of lethal manifestations. Aarskog syndrome has 
been reported worldwide and from most ethnic and racial 
groups. There does not appear to be an increased rate in any 
subpopulation. Among those clinically diagnosed, only about 
20% are found to have FGD1 mutations, suggesting overdiag-
nosis or genetic heterogeneity among these cases.

The wide recognition and large number of ascertained 
cases notwithstanding, a reliable prevalence for Aarskog 
syndrome is not known. An estimate of 1/25,000 live births 
has been made (Orrico et  al. 2015). Subtle manifestations 
permit many, perhaps most, cases to go undiagnosed.

Lifespan is said to be normal, but this too has not been 
documented by systematic study. Survival into the eighth 
decade is found within the reported pedigrees.

Diagnostic Criteria

The diagnosis of Aarskog syndrome is based on clinical find-
ings. In most cases, the pattern of craniofacial, skeletal and 
genital manifestations is sufficient to make the diagnosis 
(Table 1.1). Identification of an X‐linked pattern of inheri-
tance and the presence of subtle findings in carrier females 
assist in familial cases. A responsible gene has been identified 
and testing for sequencing variants and deletions/duplications 
is currently available in many diagnostic laboratories.

Manifestations of Aarskog syndrome are present from birth. 
Head size is usually normal, but may appear large in relation to 
the face and the body. The facial appearance is distinctive and 
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2 AARSkOG SyNDROME

in most individuals is diagnostic (Figure 1.1). Changes are pre-
sent in the upper, middle, and lower portion of the face. 
Increased width of the forehead, widow’s peak, ocular hyper-
telorism, down‐slanted palpebral fissures, and blepharoptosis 
are the major features of the upper face. A short nose with ante-
verted nares and small simply formed ears that may protrude 

are the major features of the midface. Ears often have a broad 
insertion. The midface may be hypoplastic, but this is rarely of 
sufficient degree to dominate the appearance of the face. The 
mouth is wide and the lips thin with a V‐shaped configuration 
at the middle of the upper lip’s  vermilion border and a subtle 
upturn to the corners of the mouth. The chin is small. 
A  transverse crease is often present below the lower lip. 
Individuals have been reported with generous anterior fontanel 
and facial clefting, which may represent coincidental findings 
(Völter et al. 2014; Pariltay et al. 2016).

Musculoskeletal findings should be anticipated in most 
cases (Fryns 1992; Stevenson et al. 1994; Gorski et al. 2000; 
Al‐Semari et al. 2013; Griffin et al. 2016). The hands and 
fingers are short, often with a single palmar crease and mild 
cutaneous webbing between the digits. Distinctive posturing 
of the lateral four fingers with flexion at the metacarpopha-
langeal joints and the distal interphalangeal joints and hyper-
extension at the proximal interphalangeal joint can be 
elicited in the childhood and teen years (Figure 1.2). The feet 
and toes are short and midfoot varus deformation is com-
monly present. Overall stature is reduced, falling below the 
third centile in childhood and returning to the lower normal 
centiles after puberty. Pectus excavatum occurs in many 
cases. The joints are typically hyperextensible.

Radiographs may show asynchronous bone age, small 
middle phalanges of the fifth fingers, short long bones with 
wide metaphyses, small ilia and ossification anomalies of 
the cervical spine.

Altered appearance of the genitalia may also be helpful in 
diagnosis. One or both testes may fail to descend into the 
scrotal sac. The scrotum tends to surround the penis giving a 
so‐called “shawl scrotum” appearance (Figure 1.3).

Early developmental milestones are usually normal and 
ultimate cognitive abilities encompass an extended range. 
Hyperactivity and attention deficit may interfere with 
academic performance. More severe mental illness has been 
rarely reported (Trevizol et al. 2015).

Since most literature reports describe affected individuals 
in childhood, the clinician must be aware of the changing 
phenotype with age (Fryns, 1992; Stevenson et  al. 1994) 
(Figure 1.1). Three changes tend to obscure the diagnosis in 
adults. The face elongates, and with this elongation promi-
nence of the forehead and hypertelorism become less 
apparent. With puberty, growth improves, with adult height 
in most cases being above the third centile. Pubic hair 
obscures the presence of shawl scrotum, one of the key 
clinical findings during childhood.

Typically, female carriers show subtle manifestations. 
They tend to be shorter than non‐carrier sisters and generally 
have mild craniofacial changes including hypertelorism and 
fullness of the tip of the nose. They may also exhibit brachy-
dactyly and the typical posturing of the digits with hyperex-
tension of the proximal interphalangeal joints and flexion of 
the distal joints.

TABLE 1.1 Clinical manifestations in Aarskog syndrome

Frequency of finding

Finding <25% 25–50% 50–75% >75%

Craniofacial
Broad forehead +
Widow’s peak +
Hypertelorism +
Ptosis +
Downward eye slant +
Large cornea +
Other ocular 

abnormality
+

Maxillary hypoplasia +
Small cupped ears +
Fleshy earlobes +
Short nose +
Anteverted nares +
Long philtrum +
Wide mouth +
Thin upper lip +
Dental abnormalities +
Crease below lower lip +
Small mandible

Skeletal
Brachydactyly +
Syndactyly +
Short finger V +
Clinodactyly V +
Short bulbous toes +
Single palmar crease +
Pectus excavatum +
Metatarsus adductus +
Joint laxity +
Cervical spine 

abnormalities
+

Genital
Shawl scrotum +
Undescended testes +
Inguinal hernia +
Umbilical 

prominence/hernia
+

Other
Short stature +
Long trunk +
Cardiac defect +

Source: Adapted from Furukawa et al. (1972), Berman et al. (1975), Grier et al. 
(1983), Porteous and Goudie (1991), Tsukahara and Fernandez (1994), 
Fernandez et al. (1994), and Gorski et al. (2000).
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Etiology, Pathogenesis, and Genetics

From the initial description, Aarskog syndrome has been rec-
ognized as an X‐linked disorder. Linkage analysis placed the 
gene in the pericentromeric region of the X chromosome and 

a causative gene, FGD1, was isolated with positional cloning 
techniques utilizing an X;8 translocation in which a female 
carrier had manifestations of Aarskog syndrome (Bawle et al. 
1984; Pasteris et al. 1994; Stevenson et al. 1994). The gene, 
located at Xp11.22, encodes a 961 amino acid protein from 
19 exons that span 100kb of the X chromosome.

FGD1, a guanine nucleotide exchange factor, exerts its 
influence, at least in part, by activating the Rho GTPase, 
Cdc42 (Gorski et al. 2000). The family of Rho GTPases are 
expressed widely in embryonic tissues, contributing to the 
morphology of these tissues through organization of the actin 
cytoskeleton and a number of other cellular components and 
processes (Gao et al. 2011; Hou et al. 2003; Genot et al. 2012; 
Pedigo et  al. 2016). Studies in mice indicate that fdg1, the 
homologous mouse gene, is expressed exclusively in skeleton, 
specifically during periods of incipient and active ossification 
of both endochondral and intramembranous bones (Gorski 

(A) (B) (C)

FIGURE 1.1 Aarskog syndrome. Facial findings in three individuals. (A) Four‐year‐old with broad 
 forehead, hypertelorism, down‐slanting palpebral fissures, cupped ears, and wide mouth. (B) 
Seventeen‐year‐old with prominent forehead, ptosis, broad nasal root, and down‐slanting palpebral 
fissures. (C) Sixty‐year‐old with elongation of face, ptosis, and cupped ears, but less apparent 
 widening of the midface and forehead.

FIGURE 1.2 Characteristic posturing of extended fingers.

FIGURE 1.3 Shawl scrotum.
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et al. 2000). Postnatally, expression is also found in perichon-
drium, joint capsules and cartilage. These expression studies 
give little insight into the role of the gene in the development 
of non‐skeletal tissues, e.g, brain, eye, and genital system.

Over 100 different gene alterations, the majority of which 
lead to truncated proteins, have been identified. The pro-
bands include representatives from the original families 
reported by Aarskog (16bp insertion at nucleotide 519, exon 3) 
and by Scott (C to T transition at nucleotide 577, exon 3). 
Mutations of all classes have been found, have been distrib-
uted throughout the gene, both within and outside of the 
major functional domains of the gene, and no genotype– 
phenotype correlation has emerged. The only whole gene 
duplications also encompassed adjacent genes (Grams et al. 
2016; El‐Hattab et al. 2011).

Diagnostic Testing

Demonstration of a mutation in FGD1 confirms the clinical 
diagnosis of Aarskog syndrome. Many diagnostic laboratories 
offer FGD1 gene sequencing (as part of X‐linked intellectual 
disability panels, whole exome or gene‐specific sequencing) 
as well as deletion/duplication analysis. About 20% of indi-
viduals with the clinical diagnosis will have FGD1 mutations 
(Schwartz et  al. 2000; Orrico et  al. 2004, 2015). Mutations 
have been found more frequently in familial cases and in 
instances with subtle expression in obligate female carriers.

Differential Diagnosis

None of the manifestations of Aarskog syndrome can be 
considered pathognomonic, but the manifestations in 
composite are unlikely to lead to confusion with many other 
disorders. Although there are other X‐linked syndromes with 
hypertelorism (Atkin–Flaitz, Simpson–Golabi–Behmel, 
Alpha–Thalassemia Intellectual Disability (ATRX, see 
Chapter  7), Opitz FG, and telecanthus‐hypospadias syn-
dromes), other somatic features are useful in distinguishing 
these syndromes (Stevenson et al. 2012). There are several 
autosomal syndromes that may be considered in the 
differential diagnosis.

Noonan syndrome (see Chapter  40) poses the greatest 
problem in differential diagnosis. Both Aarskog and Noonan 
syndromes are readily called to mind by clinicians, have short 
stature, craniofacial and skeletal changes of similar nature, 
and may have mild cognitive disability. In most individuals, 
however, they may be readily separable. Persons with Noonan 
syndrome commonly have webbed neck and cardiac defects. 
In Aarskog syndrome, the hands and feet are more distinctive, 
and the shawl scrotum is a helpful finding. Noonan syndrome 
affects males and females equally. In Aarskog syndrome, 
females may have subtle craniofacial findings and may be 
shorter than non‐affected sisters. The Noonan‐associated 
 disorders  –  Leopard, Noonan‐neurofibromatosis, Costello 

(see Chapter16) and cardio‐facio‐cutaneous (see Chapter10) 
syndromes – are unlikely to be confused with Aarskog syn-
drome. Noonan syndrome is linked to 12q24, and mutations 
in PTPN11 have been demonstrated in about half of those 
affected. There is considerable genetic heterogeneity with 
sequencing variants found in KRAS, NRAS, SOS1, SOS2, 
RAF1, BRAF, RIT1, LZTR1, SHOC2, and LBL in Noonan and 
Noonan‐like syndromes.

In Teebi hypertelorism syndrome, the facial manifesta-
tions – prominent forehead, hypertelorism, short nose with 
long philtrum and, in some cases, widow’s peak and 
ptosis – are similar to those in Aarskog syndrome (Tsai et al. 
2002). Male‐to‐male transmission, normal stature in affected 
males and females, the presence of cardiac malformations, 
and absence of shawl scrotum are distinguishing features. 
Mutations in SPECC1L have been reported in the Teebi 
hypertelorism syndrome (Bhoj et al. 2015).

Robinow syndrome has similar facial findings, particu-
larly in infancy and early childhood, but can be distinguished 
by the inheritance pattern (both autosomal dominant and 
autosomal recessive forms occur), mesomelic or acromeso-
melic limb shortening and penis hypoplasia (Patton and 
Afzal, 2002). Mutations in the ROR2 gene have been found 
in autosomal recessive Robinow syndrome and mutations in 
WNT5A, DVL1 and DVB3 have been found in autosomal 
dominant Robinow syndrome.

MANIFESTATIONS AND MANAGEMENT

Growth and Feeding

Although growth may be quite variable in Aarskog syndrome, 
it is exceptional for stature to be above average. Most affected 
males, in fact, grow slowly during infancy and childhood and 
reach only the lower centiles of general population height in 
adolescence and adulthood. The tendency to short stature 
notwithstanding, obesity is not a problem of note.

Birth measurements are usually within the normal range. 
Head growth continues at a normal rate throughout 
childhood, although the head may appear disproportionately 
large in relation to the face and body. Length, however, falls 
below the third centile within the first few years of life and 
remains there until puberty. Except for delay in its onset, 
sexual maturation is normal. The accompanying growth 
acceleration leads to adult heights in the lower centiles, usu-
ally between 160 and170 cm.

Hormonal function is generally normal. Bone age lags 
several years behind height age, giving an expanded period 
for catch up growth. A number of males have received 
treatment with growth hormone (Petryk et  al. 1999; 
Darendeliler et al. 2003). Although an increase in the rate of 
growth could be documented during therapy, it is not assured 
that adult height would be significantly above what it would 
have reached without therapy.
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Evaluation

 • Growth should be monitored by taking measurements 
of growth parameters at all routine assessments.

 • In cases where statural growth appears more severely 
impaired, i.e. progressive fall below ‐3 SD, bone age 
determination, thyroid function, and growth hormone 
measurements may be indicated.

Management

 • No therapy for growth delay and pubertal delay in usu-
ally required. Stature ultimately reaches the low/normal 
centiles in adolescence and adulthood and growth may 
continue throughout the second decade.

Development and Behavior

Detailed observations of childhood developmental milestones 
and neurobehavioral manifestations in Aarskog syndrome 
have not been reported but a gestalt of neurodevelopmental 
function may be gained from the case report literature. Early 
childhood motor and speech development usually proceed in 
normal fashion, and in so doing predict that intellectual 
function will be normal as well. In a minority, early develop-
mental milestones lag behind age‐peers and it is this minority 
that will likely show impaired cognitive function at maturity.

Overall there appears to be a shift into the lower half of 
the intellectual curve among males with Aarskog syndrome. 
Fryns (1992) reports that about 10% of affected males have 
moderate intellectual disability (IQ < 50) and about 20% 
have mild intellectual disability (IQ 50–70). In contrast, 
Logie and Porteous (1998) found intellectual disability to be 
exceptional, their males exhibiting a wide range of intellec-
tual function with IQs between 62 and 128. The balance of 
reports in which objective IQ testing is available is in general 
agreement with 20–30% of males having IQ levels below 70. 
The clinician should give an attentive eye to developmental 
progress as an early predictor of school performance. 
Intellectual disability of moderate–severe degree should 
prompt a search for coexisting reasons for the impairment.

During childhood, attention deficient and hyperactivity 
may pose equal schooling challenges. Attention deficit com-
monly occurs among those with normal cognitive function, 
but more so among those with subnormal intellectual function. 
Spontaneous resolution at the time of adolescence is the rule.

Evaluation

 • Assessment of developmental progress should be an 
integral part of routine evaluation of children with 
Aarskog syndrome.

 • Testing of cognitive function and behavior using 
 standardized tests are indicated in individuals who 
show signs of developmental lag, learning disability, 
attention deficit disorder or autism spectrum disorder.

 • A careful search for a coexisting disorder should be 
considered in those children with moderate–severe 
developmental delay.

Management

 • Infant stimulation and other early interventions may 
benefit young children with developmental delay.

 • During the school year, special education may be 
necessary for those with learning difficulties.

 • Behavioral therapy and/or a trial of pharmacologic 
agents such as methylphenidate are indicated for 
attention deficit and hyperactivity, although as yet 
there have been no reports of controlled trials of 
these approaches. Behavior tends to normalize after 
puberty.

Ophthalmologic

In additional to hypertelorism, downward slanting of the pal-
pebral fissures and ptosis, prominence of the corneas, stra-
bismus, astigmatism, hyperopia, limitation of upward gaze, 
and tortuosity of the retinal blood vessels have been reported 
(kirkham et al. 1975; Brodsky et al. 1990).

Evaluation

 • Vision and strabismus screening should be conducted 
at all routine clinical evaluations.

 • Ophthalmologic assessment is recommended in all 
children prior to school entry and in all who appear to 
have vision impairment or other ocular abnormality on 
screening assessment.

Management

 • Glasses are commonly required for correction of 
hyperopia

 • Occlusion therapy or surgical correction of strabismus 
should be initiated as soon as detected, as in the general 
population.

 • Significant ptosis may be surgically corrected for both 
vision and cosmetic reasons.

Dental

Dental abnormalities have included delayed eruption, broad 
central incisors, hypodontia, crowding, and excessive caries 
(Halse et al. 1979; Reddy et al. 1999; Ahmed et al. 2016).

Evaluation

 • Routine dental examination should begin in the pre-
school years and careful attention should be given to 
tooth alignment.
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6 AARSkOG SyNDROME

 • Referral for orthodontic evaluation should be made by 
the early school years.

Management

 • Instruction in dental care with flossing, brushing, and 
use of fluoride containing toothpaste should be given 
early to prevent cavities and gum disease.

 • Standard orthodontic treatment may be required for 
misaligned teeth.

Musculoskeletal

Skeletal findings including brachydactyly, pectus excava-
tum, and midfoot varus are common. Skeletal findings 
should be anticipated in most cases (Fryns, 1992; Stevenson 
et al. 1994; Gorski et al. 2000; Griffin et al. 2016). Overall 
stature is reduced with height during childhood often 
falling at or below the third centile. The trunk is long in 
relation to the limbs. The hands and fingers are short and 
there may be some mild cutaneous webbing between the 
fingers. The fingers are often held in a distinctive position 
with flexion at the joint between the hand and the fingers, 
over extension at the proximal joint of the finger and 
flexion at the distal joint (Figure 1.2). This hand posturing 
becomes more obvious when there is an attempt to extend 
and spread the fingers. Often there is only a single palmar 
crease. The toes are also short and tend to have bulbous 
tips, and non‐fixed midfoot varus deformation occurs 
commonly.

All of the joints may be unusually hyperextensible. 
Malformations and excessive movement of the cervical 
spine may lead to impingement on the spinal cord. Pectus 
excavatum occurs in many cases.

Mild short stature is common and is often accompanied 
by small hands and mild webbing between the fingers. 
Radiographic findings may include asynchronic delay of 
bone age, shortening of the long bones with widening of the 
metaphyses, hypoplasia of the middle phalanges of the fifth 
fingers, small ilia with anteverted femoral heads, and devel-
opmental abnormalities of the cervical spine (Lizcano‐Gil 
et al. 1994; Petryk et al. 1999; Gorski et al. 2000).

Evaluation

 • Clinical evaluation should include standard assessment 
of all components of the skeleton with particular attention 
to cervical vertebrae and metatarsus adduction.

Management

 • Progressive casting will usually correct metatarsus adduc-
tion. Recalcitrant cases may require surgical correction.

 • Intervention for joint laxity is usually not indicated unless 
it involves the cervical spine (see Neurologic, below).

Neurologic

Neurological complications related to malformation and insta-
bility of the cervical spine are the most serious and perhaps the 
least appreciated finding in Aarskog syndrome. Hypoplasia of 
the first cervical vertebra and the odontoid, fusion of vertebral 
bodies, prolapse of intervertebral discs, and ligamentous laxity 
may lead to cord compression in childhood or adult life (Scott, 
1971; Stevenson et  al. 1994; Gorski et  al. 2000). Delay of 
motor milestones, gait instability, paresthesia, hyperreflexia, 
and pain may indicate the possibility of cord compression.

Evaluation

 • Evaluation for signs of cervical cord impingement 
should be an integral part of each examination. 
Appropriate care should be taken to exclude causes for 
neurological signs and symptoms.

 • Radiographs of the cervical spine should be taken to 
detect anomalies that may predispose to cervical insta-
bility and cord impingement.

 • Magnetic resonance imaging of the cervical spine is help-
ful in locating the site and degree of cord compression.

Management

 • Referral for consideration of surgical stabilization of the 
cervical spine is appropriate in the presence of signs of 
cord compression due to cervical instability. The surgical 
procedure is the same as in any other circumstance.

 • Standard traction therapy or surgery benefit individuals 
with herniation of the intervertebral discs.

Genitourinary

Genital abnormalities include shawl scrotum and unde-
scended testes. Hernias occur commonly in the inguinal 
region and less commonly at the umbilicus. Pubertal 
development may be delayed but full sexual maturation and 
fertility should be anticipated.

Puberty begins spontaneously, although delayed for several 
years in many cases, and sexual maturation is otherwise normal.

Evaluation

 • Genital examination with particular attention to unde-
scended testes and inguinal hernias should be included 
in all routine clinical evaluations.

 • Stages of sexual maturation should be documented 
beginning in the teen years.

Management

 • A standard approach to management of cryptorchidism 
is appropriate. This includes a trial of human chorionic 
gonadotropin injection or surgical correction prior to 
school age.
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 • Surgical evaluation and repair of inguinal hernias 
follows standard practice in the general population.

 • Reassurance regarding pubertal development and 
 fertility may be given. Rarely is pubertal delay sufficient 
to warrant hormone induction.

RESOURCES

Support Groups

Alliance of Genetic Support Groups
4301 Connecticut Ave, NW, Suite 404,

Washington, DC 20008, USA

Phone: (202) 966‐5557.

Fax: (202) 966‐8553.

Website: http://www.geneticalliance.org

National Organization for Rare Disorders (NORD)
PO Box 8923, New Fairfield

CT 06812‐8923, USA

Phone: (203) 746‐6518 or (800) 999‐6673

Fax: (203) 746‐6481

Website: http://www.rarediseases.org
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