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A comprehensive review and critical analysis of oculoauriculovertebral spec-
trum are provided. Topics discussed include nosologic problems, epidemiol-
ogy, etiology (chromosomal, monogenic, teratogenic), and pathogenesis (he-
matoma formation, other vascular mechanisms, overripeness ovopathy). Clin-
ical manifestations are thoroughly reviewed, updated, and documented for
craniofacial features, central nervous system characteristics (including the
wide spectrum of CNS malformations that make up the so-called “expanded
Goldenhar complex’), congenital heart defects, and various other anomalies
(kidney, lung, gastrointestinal tract). A number of conditions are discussed that
are commonly differentiated from oculoauriculovertebral spectrum but have
overlapping relationships, in some instances, with frontonasal dysplasia, bran-
chio-oto-renal (BOR) syndrome, Townes-Brocks syndrome, Wildervanck syn-
drome, DiGeorge sequence, and several associations (VATER, CHARGE, and

MURCS).
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In the 1960s hemifacial microsomia and Goldenhar syn-
drome (or oculoauriculovertebral dysplasia) were defined in
a straightforward fashion. Hemifacial microsomia was a
condition affecting primarily aural, oral, and mandibular
development. The disorder varied from mild to severe, and
facial involvement was limited to one side in many cases,
although bilateral involvement was also known to occur
with more severe expression on one side. Goldenhar syn-
drome, which was characterized additionally by vertebral
anomalies and epibulbar dermoids, was considered a variant
of this complex. By 1976, so much overlap between hemi-
facial microsomia and oculoauriculovertebral dysplasia had
been reported that no valid distinction could be made. In
Syndromes of the Head and Neck, we said:

The etiology is unresolved and probably complicated. On the
one hand, we have seen many transitional forms between
hemifacial microsomia and the Goldenhar syndrome, sug-
gesting a continuous spectrum. . . . On the other hand, the
great variability observed in sporadic cases and the fact that
familial instances occur, which seem to have different modes
of inheritance, suggest etiologic heterogeneity. (Gorlin et al,
1976)

Thus, not only could nosologic splitting be invalid, but
“‘lumping’’ might be inappropriate, as well.
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The process of syndrome delineation, which has been
discussed extensively elsewhere (Cohen, 1982), often
demonstrates the clear separation of etiologic entities with
time. However, even as the phenotypic spectrum of ocu-
loauriculovertebral dysplasia has expanded with time, the
result has been greater confusion, not clarification. The sit-
uation may be summed up best by the ‘‘Murphyism’’, “‘Just
because your doctor knows the name of your condition
doesn’t mean he knows what it is.”’

NosSoOLOGIC PROBLEMS

The disagreements about oculoauriculovertebral spec-
trum reflect the frustrations that geneticists, syndromolo-
gists, and dysmorphologists have encountered and continue
to encounter in grappling with interpretation. M.M. Cohen
Jr., and R.J. Gorlin think of oculoauriculovertebral spec-
trum as being both etiologically and pathogenetically het-
erogeneous with an extraordinarily wide range of pheno-
typic expression. D.E. Poswillo of London, England, (per-
sonal communication, 1987) believes that hemifacial
microsomia and Goldenhar syndrome are separate condi-
tions and do not reflect a continuum or spectrum. J.M.
Opitz of Helena, Montana, (personal communication,
1987) holds the opinion that neither the term dysplasia (i.e.,
oculoauriculovertebral dysplasia) nor syndrome fits the con-
dition. He thinks that the oculoauriculovertebral phenotype
is a causally heterogeneous developmental field defect.
B.D. Hall of Lexington, Kentucky, (personal communica-
tion, 1987) believes that because heterogeneous conditions
representing so many different ascertainment biases have
been described, naming this group is a useless and mislead-



ing exercise. Finally, the many terms used for this complex
(Table 1) emphasize nosologic problems (Fig. 1) and indi-
cate the wide spectrum of anomalies described and empha-
sized by various authors.

There are numerous reviews of the subject (Frangois and
Haustrate, 1954; Grabb, 1965; Stark and Saunders, 1967;
Berkman and Feingold, 1968; Hollwich and Verbeck, 1969;
Cohen, 1971 and 1982; Baum and Feingold, 1973; Con-
verse et al, 1973; Mounoud et al, 1975; Ross, 1975;
Shokeir, 1977; Kaye et al, 1979; Melnick, 1980; Figueroa
and Pruzansky, 1982; Burck, 1983; Rollnick and Kaye,
1983; Tenconi and Hall, 1983; Aleksic et al, 1984; Mansour
et al, 1985; Rollnick et al, 1987; Rollnick, 1988). Although
there are no agreed upon minimal diagnostic criteria, the
facial phenotype is characteristic when enough manifesta-
tions are present. In some instances, isolated microtia or
auricular or preauricular abnormality may represent the
mildest manifestation (Grabb, 1965; Gorlin et al, 1976;
Melnick and Myrianthopoulos, 1979; Rollnick and Kaye,
1983; Tenconi and Hall, 1983; Bennun et al, 1985). Uni-
lateral microtia or ear abnormality (including preauricular
tags) has been suggested as a mandatory feature by some
authors (Rollnick and Kaye, 1983). Involvement is not lim-
ited to facial structures. Cardiac and skeletal anomalies are
common, and other anomalies may also occur. In particu-
lar, the so-called ‘‘expanded Goldenhar complex’’ has dem-
onstrated a wide spectrum of central nervous system mal-
formations not previously appreciated (Aleksic et al, 1975,
1976, 1983, and 1984; Pauli et al, 1983; Wilson, 1983). It
has been suggested by several authors that invalid nosologic
splitting, on the one hand, and inappropriate lumping, on
the other, complicate our understanding of this complex
(Herrmann and Opitz, 1969; Opitz and Faith, 1969; Pash-
ayan et al, 1970; Cohen, 1971 and 1982; Gorlin et al, 1976;
Tenconi and Hall, 1983). The Goldenhar variant of the
spectrum may constitute only about 10 percent of the cases
(Rollnick and Kaye, 1983).

EPIDEMIOLOGY
Poswillo (1974) suggested a frequency of oculoauriculo-

TABLE 1 The Varied Nomenclature Applied to
Oculoauriculovertebral Spectrum

Name Authors

Hemifacial microsomia Gorlin and Pindborg, 1964

Oculoauriculovertebral dysplasia

Goldenhar syndrome

Goldenhar-Gorlin syndrome

First arch syndrome

First and second branchial arch
syndrome

Lateral facial dysplasia

Familial facial dysplasia

Unilateral craniofacial microsomia

Otomandibular disostosis

Oral-mandibular-auricular syndrome

Unilateral mandibulofacial dystosis

Unilateral intrauterine facial necrosis

Auriculo-branchiogenic dysplasia

Facio-auriculo-vertebral malformation
spectrum

Oculoauriculovertebral spectrum

Gorlin et al, 1963
Sugar, 1966
Aleksic et al, 1975
McKenzie, 1958

Grabb, 1965

Ross, 1975

Ide et al, 1970

Grayson et al, 1983

Francois and Haustrate, 1954
Stark and Saunders, 1967
Wilson, 1958

Walker, 1961

Caronni, 1967

Smith, 1982
Present paper
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FIGURE 1 A, Academicians are more likely to share each other’s
toothbrush . . . B, than each other’s nomenclature. From Cohen MM
Jr. (1982).

vertebral spectrum of one per 3,500 births, although he
presented no data to support this conjecture. Grabb (1965)
estimated one case per 5,600 births, a frequency in accord
with our own (R.J. Gorlin and M.M. Cohen, Jr., personal
observation). Stoll et al (1984) noted a prevalence of one
per 19,500 consecutive births. Melnick (1980) recorded a
frequency of one per 26,550 live births in a prospective
newborn study. The male:female ratio is at least 3:2 (Gorlin
et al, 1976; Smith, 1982; Wilson, 1983; Rollnick et al,
1987). There is also a 3:2 ratio of right-sided versus left-
sided involvement (Rollnick et al, 1987).

ETIOLOGY

Oculoauriculovertebral spectrum has obvious etiologic
heterogeneity. A number of chromosomal anomalies have
been associated including del(5p) (Dyggve and Mikkelsen,
1965; Ladekarl, 1968; Neu et al, 1982), del(6q) (Greenberg
et al, 1987), trisomy 7 mosaicism (Hodes et al, 1981),
dup(7q) (Hoo et al, 1982), del(8q) (Townes and White,
1978), trisomy 9 mosaicism (Wilson and Barr, 1983), tri-
somy 18 (Bersu and Ramirez-Castro, 1977; Greenberg et al,
1987), trisomy 18 mosaicism (Clarren and Salk, 1983),
recombinant chromosome 18 (Sujansky and Smith, 1981),
del(18q) (Curran et al, 1970), ring 21 chromosome (Green-
berg et al, 1987), del(22q) (Greenberg et al, 1987; Herman
et al, 1988), 49,XXXXY (Kushnick and Colondrillo,
1975), 47,XXY (Poonawalla et al, 1980), 47, XXX (Aouch-
iche and Boyer Nouar, 1972), and 49,XXXXX (Schroeter
et al, 1980). Some of these associations are meaningful and
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some occur coincidently. Meaningful chromosomal defects
are likely to be those karyotypes observed repeatedly.
Therefore del(5q), trisomy 18, and perhaps dup(7q) may be
significant associations. X chromosome aneuploidy states
noted in several instances have been of different types and
may or may not be significant.

Several teratogenic agents have produced oculoauriculo-
vertebral spectrum in humans. The phenotype has been ob-
served in infants of diabetic mothers (Grix, 1982; Johnson
and Fineman, 1982; Israel et al, 1987) and in infants born to
pregnant women exposed to thalidomide (Miehlke and
Partsch, 1963; Livingston, 1965; Rosendal, 1965), primi-
done (Gustavson and Chen, 1985), and retinoic acid (Lam-
mer et al, 1985).

Discordance in monozygotic twins has been reported fre-
quently (Bock, 1961; Cordier et al, 1970; Papp et al, 1974;
Setzer et al, 1981; Ebbesen and Petersen, 1982; Burck,
1983; Rollnick and Kaye, 1983; Connor and Fernandez,
1984; Gémez-Garcia et al, 1984; Perez Alvarez et al, 1984;
Stoll et al, 1984; Boles et al, 1987). Less commonly, con-
cordance with variable expression has been documented in
monozygotic twins (Ter Haar, 1972; Rollnick, 1988; Ryan
et al, 1988). Discordance has been reported in dizygotic
twins (Grabb, 1965; Heimann, 1968; Rapin and Ruben,
1976; Shprintzen, 1982; Connor and Fernandez, 1984), in
twins of undetermined zygosity (Goldenhar, 1952; Berthe-
lon and Cremer, 1969), and in triplets (Yovich et al, 1985).
The interested reader is referred to the excellent analysis of
Burck (1983).

Most cases of oculoauriculovertebral spectrum are spo-
radic, but familial instances have been reported. Affected
individuals in successive generations have been observed
repeatedly (Grabb, 1965; Herrmann and Opitz, 1969; Sum-
mitt, 1969; Cohen, 1971 and 1982; Thomas, 1980; Setzer et
al, 1981; Regenbogen et al, 1982; Rollnick and Kaye, 1983
and 1985; Taysi et al, 1983). The affected mother and
daughter with radial limb defects noted by Moeschler and
Clarren (1982) may represent trisomy 18 mosaicism (Clar-
ren and Salk, 1983). Within single families, expression has
varied from complete hemifacial microsomia in several af-
fected individuals, to mild hemifacial microsomia in some
relatives, and to simple preauricular tags or a mildly dys-
plastic ear in others (Cohen, 1982; Rollnick and Kaye,

FIGURE 2 Hemifacial microsomia. From Cohen MM Jr. (1982).

FIGURE 3 Sister of patient shown in Figure 2. Note preauricular
tag, which represents an accessory auricular hillock. From Cohen
MM Jr. (1982).

1983) (Figs. 2-4). A number of reports support the notion
that an isolated dysplastic ear or preauricular tag may rep-
resent the mildest expression of the disorder in some fam-
ilies (Grabb, 1965; Gorlin et al, 1976; Melnick and Myri-
anthopoulos, 1979; Rollnick and Kaye, 1983; Tenconi and
Hall, 1983; Rollnick et al, 1987). Vertical transmission of
the Goldenhar variant in some family members with lack of
ocular involvement in others has been observed (Summitt,
1969; Regenbogen et al, 1982).

Affected siblings with normal parents have also been
reported (Grabb, 1965; Saraux et al, 1963; Saraux and
Besnainou, 1965; Kirke, 1970; Krause, 1970). Consanguinity
has been noted in a single sporadic instance (Pashayan et al,
1970). Autosomal dominant and autosomal recessive inher-
itance have both been hypothesized to explain various fa-
milial occurrences. Etiologic heterogeneity is likely. Over-
all, the empiric recurrence risk is low, being about 2 to 3
percent (Grabb, 1965; Rollnick and Kaye, 1983).

PATHOGENESIS

Poswillo (1973, 1974, 1975) reported a phenocopy of
hemifacial microsomia in mice following maternal adminis-

B ® Hemifacial Microsomia

D" O Eor Tag

@ Septal Defect

FIGURE 4 Pedigrees with hemifacial microsomia in which mini-
mally affected relatives have only preauricular tags. Pedigree A of
proband and sister shown in Figures 2 and 3. From- Cohen MM Jr.
(1982).



tration of triazene and in monkeys following maternal in-
gestion of thalidomide. He proposed that pathogenesis was
based on embryonic hematoma formation arising from the
anastomosis that precedes formation of the stapedial artery
stem. Variation in the severity of hemifacial microsomia
was found to depend on the size and extent of hematoma
formation, with large hematomas interfering more severely
with branchial arch growth by taking longer to resolve than
small hematomas.

Some cases of the amniotic band spectrum of disruptions
have been noted to simulate hemifacial microsomia (Hall,
1979). In such instances, hemifacial microsomia may be
caused by intrauterine compression secondary to oligohy-
dramnios. Kennedy and Persaud (1977) extracted amniotic
fluid from pregnant rats at 16 days’ gestation and studied
the embryos at various times thereafter. On histologic ex-
amination, they found hemorrhage and edema, followed by
tissue necrosis in the cartilage and mesenchymal preskele-
ton of the developing limbs. The observed reduction defects
and amputations of the limbs resulted from the venous sta-
sis, hypervolemia, and embryonic oxygen deficiency
caused by intrauterine compression. Kennedy and Persaud
(1977) did not give a detailed histologic evaluation of the
branchial arch region, but they did note that micrognathia
was observed in addition to subcutaneous hemorrhages in
the head region. Thus, intrauterine compression might be
construed as a possible mechanism for producing hematoma
formation in the branchial arch region, thereby resulting in
hemifacial microsomia. Because hemifacial microsomia in
humans may occur with limb reduction defects in some
cases (Gorlin et al, 1976), the association may be compat-
ible with Poswillo’s hypothesis. If hemifacial microsomia
were to be observed with amniotic band-related limb ab-
normalities, this would also be compatible with Poswillo’s
hypothesis.

As previously indicated, hemifacial microsomia is both
etiologically and pathogenetically heterogencous. He-
matoma formation itself has heterogeneous causes including
hypoxia, hypertension, pressor agents, salicylates, and an-
ticoagulants (Poswillo, 1973). It is also important to recog-
nize that, although embryonic hematoma formation may
explain some cases of hemifacial microsomia, it doesn’t
explain all cases. For example, in some familial instances,
affected relatives may have only preauricular tags (see Figs.
2-4). It is difficult to conceive of any basic mechanism
causing hematoma formation that would explain these
cases. In minimally affected individuals, the ear and man-
dible are well formed, and the preauricular tag seems to
represent an accessory auricular hillock, an example of em-
bryonic redundant morphogenesis. To postulate separate
pathogenetic mechanisms to explain instances of hemifacial
microsomia and accessory ear tags in the same family seems
unnecessarily complicated. The most parsimonious hypoth-
esis should take into account that the two pedigrees in Fig-
ure 4 represent a single entity that is variably expressed and
genetically transmitted. Another example that shows the

FIGURE 5 Patient with true malformation syndrome in which hemi-
facial microsomia is one component. Note hemifacial microsomia and
occipital encephalocele. See also Figures 6 and 7. From Cohen MM Jr.
(1982).
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limitations of the hematoma hypothesis is a true malforma-
tion syndrome in which hemifacial microsomia is only one
component. The patient shown in Figures 5 through 7 has
hemifacial microsomia, occipital encephalocele, hypoplas-
tic lung, vertebral anomalies, and renal agenesis. These
anomalies most likely have a common cause (although un-
known) rather than being caused by different factors acting
independently. Whatever mechanism is responsible for one
malformation should be responsible for the others. To date,
there is no experimental evidence that hematoma formation
can cause encephaloceles or renal agenesis. Therefore, it
seems unlikely that hematoma formation has anything to do
with the pathogenesis of this recurrent pattern syndrome
(Cohen, 1982).

Other clinical reports have suggested the possibility of
vascular pathogenesis. Gorlin et al (1963) noted that abnor-
mal vascular supply to cephalic neural crest cells could
impede embryonic development in the branchial arches.
Robinson et al (1987) reported evidence of carotid artery
occlusion in two cases. Moore et al (1987) demonstrated
absence of the internal carotid artery in a severe case with
hemifacial defects and unilateral hydranencephaly. In such
cases it is not always clear whether vascular accidents or

FIGURE 6 Patient with true malformation syndrome in which hemi-
facial microsomia is one component. Note hypoplastic left lung and
vertebral anomalies. See also Figures 5 and 7. From Cohen MM Jr.
(1982).

FIGURE 7 Patient with true malformation syndrome in which hemi-
facial microsomia is one component. Note unilateral renal agenesis.
See also Figures 5 and 6. From Cohen MM Jr. (1982).

simply inadequate vascular supply is primary or whether
craniofacial hypoplasia is primary, thereby resulting in di-
minished caliber of the vessels. Soltan and Holmes (1986)
proposed a hypothesis that links genetic causes and vascular
disruption. For five relatives with different malformations
usually attributed to vascular accidents (including one pos-
sible variant of oculoauriculovertebral spectrum), they sug-
gested an underlying familial vascular anomaly predispos-
ing to vascular accidents and resulting in various malfor-
mation complexes.

Various retinoic acid derivatives have been studied for
their pathogenetic role in the production of branchial arch
anomalies. Using vitamin A palmitate as a teratogen in
pregnant rats, Poswillo (1974) produced a Treacher Col-
lins-like condition in the newborn rat pups resulting from
early destruction of neural crest cells, which normally mi-
grate into the branchial arches during early embryonic life.
Sulik et al (1987, 1989), using 13-cis retinoic acid as a
teratogen in pregnant mice, also produced a phenotype sim-
ilar to Treacher Collins syndrome in mouse pups. The ef-
fects on first and second branchial arch ectodermal placodal
cells following the release of neural crest cells from the
neural folds into the developing cranial region were of ma-
jor significance in the pathogenesis of the anomalies en-



countered. The fact that retinoic acid derivatives can affect
not only the branchial arch region, but also the cardiovas-
cular system, the axial skeleton, and the central nervous
system (Lammer et al, 1985; Sulik et al, 1987 and 1989)
suggests that these teratogens should be studied further to
determine whether an oculoauriculovertebral spectrum ani-
mal model can be produced.

Overripeness ovopathy as a possible cause of oculoauric-
ulovertebral spectrum has been suggested (Jongbloet, 1987;
Yovich et al, 1987). The theory has been offered in an
attempt to explain sporadic (as distinct from familial) oc-
currence, both concordance and discordance in monozy-
gotic twins, accompanying chromosomal anomalies, and
the wide spectrum of associated central nervous system,
cardiac, renal, and skeletal malformations. However, this
theory subsumes too much heterogeneity under a single
principle. Overripeness ovopathy, although introduced 20
years ago as an explanation for Goldenhar syndrome (Jong-
bloet, 1968), has not received serious consideration in ma-
jor reviews of oculoauriculovertebral spectrum. The inter-
ested reader can find a recent review by the major proponent
of the theory (Jongbloet, 1987).

CLINICAL MANIFESTATIONS

Extreme variability of expression is characteristic. About
50 percent of patients have been observed to have other
anomalies in addition to the principal features of the defect
(Rollnick et al, 1987). Some infants are small for gesta-
tional age and may have feeding difficulties secondary to an
anatomically narrow pharyngeal airway or to a cleft lip with
or without cleft palate.

Craniofacial Features

Marked facial asymmetry is present in 20 percent of
cases, but some degree of asymmetry is evident in 65 per-
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cent. The asymmetry may not be apparent in the infant or
young child, but it becomes evident with growth, usually by
4 years of age. Adequate overlying soft tissue may mask the
skeletal asymmetry. Conversely, deficient soft tissue over-
lying adequate bony structures may result in facial asym-
metry (Figueroa and Pruzansky, 1982).

The maxillary, temporal, and malar bones on the more
severely involved side are somewhat reduced in size and
flattened (Rune et al, 1981). Asymmetry may result from
aplasia or hypoplasia of the mandibular ramus and condyle.
Some patients manifest mild pneumatization of the mastoid
region. About 10 to 33 percent of patients have bilateral
involvement (Grabb, 1965; Burck, 1983; Rollnick et al,
1987), but one side is nearly always more severely involved
than the other. Among 193 unilaterally affected patients
studied by Rollnick et al (1987), the right side was involved
in over 60 percent. Frontal bossing can be noticeable at
birth but becomes less apparent with age (Gorlin et al,
1963).

Blepharoptosis or narrowing of the palpebral fissure oc-
curs on the affected side in about 10 percent of patients.
Clinical anophthalmia or microphthalmia (Fig. 8) has been
described in several patients (Cohen, 1971; Baum and
Feingold, 1973; Aleksic et al, 1975; Shokeir, 1977; Wilson,
1983; Margolis et al, 1984). Epibulbar tumors are found in
about 35 percent and are more frequently unilateral than
bilateral (Goldenhar, 1952; Baum and Feingold, 1973;
Mansour et al, 1985). They occur most often inferotempo-
rally at the limbus. Their surface is usually smooth and
frequently has fine hairs. They can occur at any location on
the globe and may be dermoids, lipodermoids, or dermis-
like or mesoectodermal in nature. Lacrimal drainage abnor-
malities have been noted (Gupta et al, 1968; Baum and
Feingold, 1973; Mansour et al, 1985). Unilateral colobo-
mas of the upper eyelid are observed in about 20 percent of
cases, usually unilaterally but sometimes bilaterally (Baum
and Feingold, 1973). Other ocular motility disorders found

FIGURE 8 Marked facial asymmetry, unilateral (clinical) anophthalmia, absent right ear represented by large tag, left ear tag, micrognathia,
and severe mental retardation. From Cohen MM JR. (1971). Variability versus ‘‘incidental findings’’ in the first and second branchial arch
syndrome: unilateral variants with anophthalmia. Birth Defects Original Article Series 7(7):103-108.
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in up to 25 percent include esotropia, exotropia, and Duane
syndrome (Baum and Feingold, 1973; Aleksic et al, 1976;
Miller, 1985). Choroidal or retinal colobomas, congenital
cystic eye, and various other retinal abnormalities have
been reported (Baum and Feingold, 1973; Margolis et al,
1984).

Malformation of the external ear may vary from anotia,
to a hypoplastic mass of tissue that is displaced anteriorly
and inferiotly, to a mildly dysmorphic ear (Figueroa and
Pruzansky, 1982). Occasionally, both ears may be mal-
formed. Preauricular tags of skin and cartilage are ex-
tremely common, and may be unilateral or bilateral. Super-
numerary ear tags may occur anywhere from the tragus to
the angle of the mouth. Preauricular sinuses may also be
observed. Narrow external auditory canals are found in mild
cases. Atretic canals are observed in more severe cases.
Conductive and, less frequently, sensorineural hearing def-
icit has been reported. Causes include lesions of the middle
and external ears, hypoplasia or agenesis of the ear ossicles,
aberrant facial nerves, patulous eustachian tubes, and/or
deformed skull base: conductive loss occurs with an overall
frequency of 50 percent (Grabb, 1965; Converse et al,
1973; Ross, 1975; Gorlin et al, 1976).

At least 35 percent of the patients with agenesis of the
mandibular ramus have associated macrostomia or lateral
facial cleft, usually of mild degree (Gorlin et al, 1976).
Involvement is nearly always unilateral and on the side of
the more affected ear. Occasionally there is agenesis of the
ipsilateral parotid gland, displaced salivary gland tissue, or
salivary fistulae (Gorlin et al, 1976). The palatal and tongue
muscles may be unilaterally hypoplastic, paralyzed, or
both. Unilateral or bilateral cleft lip and/or cleft palate oc-
curs in 7 to 15 percent of patients (Grabb, 1965; Rollnick et
al, 1987). About 35 percent have velopharyngeal insuffi-
ciency (Luce et al, 1977). Shprintzen et al (1980) observed
that the insufficiency resulted from asymmetry of move-
ment of the lateral pharyngeal wall and palate.

Hypoplasia or absence of the ramus and condyle is ob-
served. The degree of mandibular involvement has been
graded by Figueroa and Pruzansky (1982). Malocclusion
and canting of the occlusal plane are common, although the
mandibular deformity has no effect on dental maturation on
the affected side (Loevy and Shore, 1985).

Central Nervous System

A wide range of central nervous system defects may be
associated, and reported frequencies of mental deficiency
appear to have ascertainment bias. For example, series pre-
selected for severe central nervous system malformations
have a very high frequency of mental retardation, whereas
those series reported as treated patients from various cra-
niofacial centers tend to have a low frequency. Most esti-
mates range from 5 to 15 percent (Hollwich and Verbeck,
1969; Shokeir, 1977). Higher frequencies of 37 and 82
percent are reported by Tenconi and Hall (1983) and Wilson
(1983), respectively. Cohen (1971) suggested an associa-
tion between micropthalmia, or clinical anopthalmia, and
mental retardation because the eye is an outpouching of the
primitive brain. However, patients with normal intelligence
have also been noted.

Nearly all cranial nerves have been involved on occasion

(Aleksic et al, 1984). Lower facial weakness has been re-
ported to occur in about 10 percent of cases, possibly being
related to bony involvement in the region of the facial canal
(Grabb, 1965). Abnormal course of the seventh cranial
nerve and unilateral aplasia of the trigeminal nuclei and the
facial nerve (Ebbesen and Peterson, 1982; Aleksic et al,
1984) have been described, as has trigeminal anesthesia
(Bowen et al, 1971; Ebbesen and Peterson, 1982). In our
series of 281 patients, abnormalities of cranial nerves V and
VII occurred in 17 percent (Kaye and Rollnick, 1989).
Other cranial nerves involved have included I (Aleksic et al,
1975), II (Margolis et al, 1984), III, IV, VI (Aleksic et al,
1976), VIII, IX, X (Aleksic et al, 1984), and XII (Kaye and
Rollnick, 1989).

For the expanded oculoauriculovertebral spectrum, brain
malformations have been especially well discussed by
Aleksic et al (1984). Anomalies may include microcephaly,
occipital and frontal encephaloceles, hydrocephaly, lipoma,
teratoma, dermoid cyst, Arnold-Chiari malformation, lis-
sencephaly, arachnoid cyst, holoprosencephaly, unilateral
arhinencephaly, and hypoplasia of the corpus callosum
(Virchow, 1864; Hoffman-Egg and Velissaropoulos, 1953;
Timm, 1960; Christiaems et al, 1966; Gupta et al, 1968;
Herrmann and Opitz, 1969; Cohen, 1971; Michaud and
Sheridan, 1974; Aleksic et al, 1975, 1983, and 1984; Gorlin
et al, 1976; Shokeir, 1977, Murphy et al, 1980; Pauli et al,
1983; Wilson, 1983; Gustavson and Chen, 1985; Saller et
al, 1988).

When flattened frontal encephalocele occurs, the patient
appears to have frontonasal dysplasia together with ear tags,
other ear anomalies, and even epibulbar dermoids (Fig. 9)
(Gupta et al, 1968; Fleischer-Peters, 1969; Tenconi and
Hall, 1983; Musarella and Young, 1986). Because enceph-
alocele occurs more commonly in the occipital region than
in the frontal region, we suggest that the cases of frontona-
sal dysplasia with epibulbar dermoids and ear tags simply
represent oculoauriculovertebral spectrum with the enceph-
alocele expressed anteriorly.

Skeletal Alterations

Cervical vertebral fusions occur in 20 to 35 percent of
cases, whereas platybasia and occipitalization of the atlas
are found in about 30 percent. Complex vertebral anomalies
below the level of the cervical spine are more common in
patients with demonstrated cervical spine anomalies (Roll-
nick et al, 1987). Spina bifida; hemivertebrae; butterfly;
fused or hypoplastic vertebrae; scoliosis; and anomalous
ribs such as agenesis, duplication, fusion, or supernumerary
ribs occur in at least 30 percent. Talipes equinovarus has
been reported in about 20 percent. Radial limb anomalies
have been noted in several cases. These may take the form
of hypoplasia or aplasia of the radium and/or thumb (Gorlin
et al, 1963; Bowen et al, 1971; Mandelcorn et al, 1971;
Sugiura, 1971; Wilson, 1983; Figueroa and Friede, 1985;
Mendelberg et al, 1985).

Cardiovascular Anomalies

Congenital heart defects are common and are reported to
vary from 5 to 58 percent (Friedman and Saraclar, 1974;
Greenwood et al, 1974; Gorlin et al, 1976; Shokeir, 1977,
Pierpont et al, 1982; Tenconi and Hall, 1983; Wilson, 1983;
Rollnick et al, 1987). Ventricular septal defect or tetralogy
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FIGURE9 Combined features of Goldenhar complex and frontonasal dysplasia. Note ocular hypertelorism, colobomatous nostril, macrostomia,
repaired cleft lip, facial asymmetry, epibulbar dermoid (left eye), and posteriorly angulated ear with surgically removed ear tags. From
Fleischer-Peters A. (1969). Goldenhar syndrom und Kiefermissbildungen. Dtsch Zahnarztl Z 24:545-551.

of Fallot with or without a right aortic arch account for
about 50 percent of the defects, although no single cardiac
lesion is characteristic. Other anomalies may include trans-
position of the great vessels, tubular hypoplasia of the aortic
arch associated with mild coarctation of the aorta, isolation
of the left innominate artery with patent ductus arteriosus,
pulmonic stenosis, and dextrocardia. A number of addi-
tional defects have been reported. Hypoplasia of the exter-
nal carotid artery has also been noted.

Other Anomalies

Pulmonary anomalies range from incomplete lobulation,
to hypoplastic lungs, to agenesis. Defects may be unilateral
or bilateral. When unilateral, the defect is usually ipsilateral
to the facial anomalies (Opitz and Faith, 1969; Gorlin et al,
1976; Bowen and Parry, 1980; Pierpont et al, 1982). Tra-
cheoesophageal fistula has also been documented (Bowen
and Parry, 1980). A variety of renal abnormalities have
been reported, including absent kidney, double ureter,
crossed renal ectopia, anomalous blood supply to the kid-
ney, hydronephrosis, hydroureter, and other defects
(Bowen et al, 1971; Shokeir, 1977; Rollnick et al, 1987).
Imperforate anus with or without rectovaginal fistula has
been described (Bowen et al, 1971).

OVERLAPPING CONDITIONS

A number of conditions commonly differentiated from
oculoauriculovertebral spectrum have overlapping relation-
ships in some instances. The combination of frontonasal
dysplasia (Cohen et al, 1971) with epibulbar dermoids, ear
tags, and ear anomalies (see Fig. 9) (Gupta et al, 1968;
Fleischer-Peters, 1969; Tenconi and Hall, 1983; Musarella
and Young, 1986) has already been discussed.

The branchio-oto-renal syndrome is associated with
mixed hearing loss, preauricular pits, branchial fistulas, ear
anomalies, malformations of the middle and inner ear, lac-
rimal duct stenosis, and renal dysplasia. Inheritance is au-
tosomal dominant with high penetrance and variable expres-
sion (Fraser et al, 1978; Heimler and Lieber, 1986). Fam-
ilies have been described in which first degree relatives
have varying features of hemifacial microsomia and/or
BOR syndrome, thereby suggesting that, in some instances,
hemifacial microsomia may constitute a component at the
severe end of the BOR spectrum (Rollnick and Kaye,
1985).

Townes-Brocks syndrome consists of dysplastic ears, ear
tags, and hearing loss in addition to thumb malformations,
anal defects, and renal anomalies. Inheritance is autosomal
dominant (Walpole and Hockey, 1982). Some cases bear
resemblance to oculoauriculovertebral spectrum.
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Wildervanck syndrome consists of fused cervical verte-
brae, sensorineural hearing loss, and abducens paralysis
with retracted globes (Duane syndrome). Some cases show
overlap with oculoauriculovertebral spectrum (France-
schetti and Klein, 1954; Kirkham, 1969; Cross and Pfaf-
fenbach, 1972). .

DiGeorge sequence can be minimally expressed as the
M-IV pharyngeal pouch complex in which there is absence
or hypoplasia of the thymus, parathyroid glands, or both. It
may be maximally expressed with cardiovascular anoma-
lies, especially interrupted aortic arch and truncus arterio-
sus, and various craniofacial anomalies including microgna-
thia, ear anomalies, and cleft palate. The condition is
known to be etiologically heterogeneous (Conley et al,
1979; Lammer and Opitz, 1986). Features of DiGeorge se-
quence may overlap with hemifacial microsomia.

Characteristics of the VATER association (vertebral
anomalies, ventricular septal defects, anal atresia, T-E fis-
tula with esophageal atresia, and radial and renal dysplasia)
(Quan and Smith, 1973), the CHARGE association
(coloboma, heart disease, atresia choanae, retarded growth
and development, genital anomalies, and ear anomalies
and/or hearing loss) (Pagon et al, 1981; Siebert et al, 1985;
Davenport et al, 1986), and the MURCS association (Miil-
lerian duct aplasia, renal aplasia, and cervicothoracic
somite dysplasia) (Duncan et al, 1979) sometimes overlap
with oculoauriculovertebral spectrum.
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